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Abstract. MIPAS/ENVISAT data of nighttime N@volume 1 Introduction

mixing ratios (VMR) from 2007 until 2012 between 40km

and 62 km altitude are compared with the geomagnetic Ap

index and solar Lymae-radiation. The local impact of vari- Electrons of the aurora and the radiation belts can precip-
ations in geomagnetic activity and solar radiation on theitate into the thermosphere, mesosphere, and even down
VMR of NO; in the lower mesosphere and upper strato- 0 the upper stratospher8grger et al. 197Q Fang et al.
sphere in the Northern Hemisphere is investigated by mean3008 Clilverd et al, 2010. They need relativistic ener-
of superposed epoch analysis. Observations in the Northerflies ¢-1-4 MeV) to intrude into the lower mesosphere/upper
Hemisphere show a clear 27-day period of the,NOMR. stratosphereTurunen et al.2009. Precipitating electrons
This is positively correlated with the geomagnetic Ap in- ¢an ionize or dissociate atmospherig,Nand subsequent
dex at 60-7ON geomagnetic latitude but also partially cor- (ion-)chemical reactions lead to an effective N@roduc-
related with the solar Lymaa-radiation. However, the de- tion (Porter et al. 1976 Rusch et al.1981, Sinnhuber et a/.
pendency of N@ VMR on geomagnetic activity can be dis- 2012.

tinguished from the impact of solar radiation. This indicates Auroral NO production is well known in the thermosphere
a direct response of NO(NO + NOy) to geomagnetic ac- (e.g.,Siskind et al. 1989, whereas the significance of NO
tivity, probably due to precipitating particles. The responseProduction due to electron precipitation in the mesosphere
is detected in the range between 46 km and 52 km altitude@nd stratosphere is still uncle&tenard et al(2006 found

The NO, VMR epoch maxima due to geomagnetic activity an increase in stratospheric N@ January—April 2004, sup-

is altitude-dependent and can reach up to 0.4 ppb, leading tB0sing that the origin is caused by magnetospheric electrons,
mean production rates of 0.029 ppb (Ap#) Observations but Funke et al.(2007 showed that wintertime downward

in the Southern Hemisphere do not have the same signififransport of thermospheric air was the more likely cause of
cance due to a worse sampling of geomagnetic storm occuNOx enhancement in this cagelilverd et al.(2009 showed
rances. Variabilities due to solar variation occur at the same Significant response of NOVMR at 45-70km altitude
altitudes at 60—70S geomagnetic latitude but cannot be an- at high northern latitudes to electron flux data in Febru-
alyzed as in the Northern Hemisphere. This is the first studya’y 2004. However, in this case it is also unclear to what
showing the direct impact of electron precipitation on,NO extent wintertime downward transport has led to the ob-

at those altitudes in the spring/summer/autumn hemisphereServed NQ increase ginnhuber et al(2014). Newnham
et al. (2011 showed a direct nitric oxide response above

70km due to electron precipitation, but still, a direct re-
sponse of N@ below 70 km altitude due to electron precipi-
tation in the spring/summer/autumn hemisphere, wherg NO
increases cannot be attributed to subsidence, has not been
observed to our knowledge. Thus, it is unclear how much
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NOy is produced directly in the mesosphere and upper stratothen Funke et al.2011). We use daily means of the versions
sphere by electrons. An indirect indication of potential,NO V5R_NO2 220 and V5R_NO2_221. The arithmetic mean
production, however, might be derived frovierronen et al.  of the averaging kernel diagonal elements of single obser-
(2017 andAndersson et al2012), who showed a direct hy- vations has to be greater than 0.@3i(ke et al.2017), in
droxyl response to electron flux above 50 km. order to take the daily means of N@to account.

A major influence on stratospheric and mesospherig NO  MIPAS also observes NO that would allow us to analyze
is given by so-called solar proton events (SPEjufzen the mesospheric response to geomagnetic variability for NO
etal, 1975 Jackman et a11980. Proton precipitation leads (NO+NOy) instead of NQ alone. However, sensitivity tests
to an effective N@ production and can significantly enhance have shown that mesospheric NO retrieved during polar sum-
the VMR, e.g., about 50-60 ppb in the lower mesospheremer can be affected by a down-folded thermospheric signal
in October—November 20034ckman et al.2005 Lopez-  of the same order as the expected local response to geomag-
Puertas et al2005. netic variability (~1 ppb). Thus, small variations of geomag-

The NG, dependency on the solar spectral irradiance vari-netic activity affecting thermospheric NO cannot be distin-
abilities in the upper stratosphere/lower mesosphere has beegjuished in the mesospheric NO signal from the possible lo-
investigated rarely to our knowledgkeating et al.(1986 cal impact on mesospheric NO. Since Ni® not affected as
observed a response to the 27-day solar rotation signal ithere is no thermospheric NOwe only use this gas for data
NO, at low latitudes below 40 km altitudelood et al (2006 analysis instead of NQ
found a negative dependency of N@nomalies on the Mgl
solar UV index at the equatorial stratopause, and a positive
dependency at high latitudes at the upper stratosphere and tte  Data analysis
lower mesosphere using a 12 year data set of the Halogen Oc-
cultation Experiment (HALOE)Gruzdev et al(2009 have  In this section, we give a short overview of the data we
searched for the 27-day solar rotation signal in NO an@ NO use and the methods of data analysis (S8d). We use
by means of a 3-D chemistry—climate model study. Theythe superposed epoch analysis method (SElee et al.
have found significant sensitivities below 40 km and above1913, also known as the compositing methaar Storch
60 km, but not in between, although a connection with tem-and Zwiers2007), to search for small responses to solar vari-
perature and ozone both depending on solar UV radiatiorations. For the Northern Hemisphere, we did SEAs with four
at these altitudesAustin et al, 2007 Gruzdev et al.2009 different conditions in order to distinguish between the de-
seems plausible. pendence on geomagnetic activity and solar UV radiation

In this study we analyze N£ which is the main con- (Sect.3.2). We analyze the SEAs by means of the Pear-
stituent of NQ in the upper stratosphere and lower meso-son correlation coefficient to determine linear dependen-
sphere during night. For that, we use nighttime data of thecies, and the quadrant correlatid@igmavist et al, 1950 to
nominal mode observations of the Michelson Interferometerdetermine non-linear, monotone dependencies. Linear least-
for Passive Atmospheric Sounding (MIPABischer et al.  square fits to the SEAs lead to the determination of the
2008 on the Environmental Satellite (ENVISAT). We use altitude-dependent NQlifetime, and the altitude- and Ap
the Ap index provided by the National Geophysical Data index-dependent NOproduction rate (Sec®.3). Finally, we
Center {ttp://www.ngdc.noaa.gdvas an indicator of geo- performed one SEA for the Southern Hemisphere (Sed.
magnetic activity, and Lymaun; provided by the LASP In-
teractive Solar Irradiance Data Center (LISIR@tp://lasp. 3.1 Method
colorado.edu/lisirg/ as an indicator of solar UV radiation.

Figure 1 shows the daily zonal means of nighttime NO

VMR measured by MIPAS at 655°N and 65+-5° S ge-
2  MIPAS/ENVISAT omagnetic latitude, the Ap index, and solar Lymaritux

in 2007-2012, i.e., during solar minimum (2007-2010) and
Until contact with ENVISAT was lost on 08 April 2012, during solar maximum (2011-2012), as a function of time.
the MIPAS instrument recorded limb emission spectra ofDays for analysis were chosen such that the influence of
the Earth’s atmosphere. Since spring 2002, MIPAS detectedther effects besides solar variabilities, e.g., due tq K-
many atmospheric trace gases in the infrared region (4.1sidence in polar winter, is minimized in the Northern Hemi-
14.7 um) including N@by its fundamentalbs band (6.2 um).  sphere. There was no SPE affecting the Earth’s atmosphere
Due to the sun-synchronous orbit of ENVISAT, MIPAS mea- in the years 2007-2009, but one SPE occurred in 2010, and
sured at~ 10a.m. and~ 10 p.m. local time. We use night- six SPEs in 2011http://www.swpc.noaa.gdvFor each SPE
time data (solar zenith angte96°) of the nominal measure- the days from the onset until three days after the maximum
ment mode (6—68 km). Data are retrieved by the IMK-IAA are excluded. However, this was found to have no significant
processoryon Clarmann et al2003. The NG retrieval is  effect on the results of the paper. On 23—-30 January 2012 and
described irfFunke et al(2005 and has been improved since 7-15 March 2012 strong SPE occurred, producing; i
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Table 1. Time periods for which MIPAS N@data are used in the
analysis. The periods left out for Figs. 9 and 10 are in parentheses.

z o

g
S 10k ]
Northern Hemisphere Southern Hemisphere o) W MM ]
—~ 5F -
21 Mar 2007-28 Oct 2007 13 Sep 2007-07 Apr 2008 % E ]
05 Apr 2008-05 Oct 2008 (17 Sep 2008-15 Apr 2009) 0 F
28 Apr 2009-07 Oct 2009 (02 Sep 2009-30 Mar 2010)

20 Mar 2010-12 Oct 2010 10 Sep 2010-15 Apr 2011
24 Feb 2011-05 Oct 2011 10 Sep 2011-21 Jan 2012

middle atmospherevpn Clarmann et al.2013. Therefore,
we do not use MIPAS data from 23 January 2012 on. 5 40F

At the chosen time periods (Tablg, 659 daily means of 3 30F -
MIPAS NO,; VMR can be used in the Northern Hemisphere i 20 :
and 697 in the Southern Hemisphere. We restrict our anal- = | MM A ‘
ysis to geomagnetic latitudes fromi @ 8% of each hemi- — | D b
sphere for the following reasons: first, with this restriction, ‘-“2 45 ‘
downwelling of NQ-rich upper atmospheric air of the other S ™ Ml i
hemisphere in polar winter is excluded. Second, because We%’L 4.0 N i
analyze nighttime data, and our time periods include polar o 35 LTI Y T
day at high latitudes, there is not sufficient data at geomag- T
netic latitudes higher than 80We analyze 18zonal means, > 30
restricting our analysis to spring/summer/autumn. 2007 2008 2009 ye§? 10 2011 2012

A direct correlation of the Ap index and NO/MR does
not lead to a significant result. First, this is due to the predom-ig. 1. First panel: Daily means of nighttime NO/MR in ppb at
inance of the seasonal Vanabmty of Ma:urthermore, 0n|y 65+ 5°N geomagnetic latitude and 50 km altitude in 2007—-2012.
NO, anomalies can be unambiguously assigned to electrofpecond panel: The same for £%5° S geomagnetic latitude. The
fluxes (or UV radiation), because constant electron-induced@d/Plue curve shows the 27-day running mean of the curve for the
NO production leads to an equilibrium concentration with- days listed in Tabld. Third panel: Daily means of the Ap index in

t id ti d d Mid dl ¢ iati 2007-2012. The blue curve shows the 27-day running mean of the
out rapid time dependence. Mid- and long-term vanations,, e ¢or the days listed in the SH column in Tatl& he red curve

compete against photochemistry and dynamics and are thug,qs the same for the days listed in the NH column, shifted by 3.5
unaccessible to our analysis. Hence, a high-pass filter is apyy the days defining the threshold of anAp event. Fourth panel:
plied to NG, VMR, Ap index, and Lye as outlined in the  Solar Lymane in 2007-2012. The blue curve shows the 27-day
following. running mean of the curve for the days listed in the SH column in
We assume that the measured NMR is composed of  Tablel. The red curve shows the same for the days listed in the NH
two parts: The time-dependent %QckgroundVMR that takes  column, shifted by 0.05 photonsc*r%s*1 defining the threshold of
mid- and long-term variations into account, and changes du@nA Lymanw event.
to short-time variabilitiesA NO2. NO2,y.4r0unalS determined
by a 27-day running mean representing a rectangular filter
shown as a red curve in Fid. (top). In the same way, we
determine variabilities of geomagnetic activity and solar ra-
diation, i.e.,X = (NO2, Ap, Ly-«a):

AL o ki i

Wil
M L
1

able. It is possible that the same event can be counted in dif-
ferent epochs at, e.g., days —27, 0, and 27, but if some events
are counted several times, they will be counted forAl#e,

AlLy-a, andANO, epochs, so the same averaged epochs are

AX = Xmeasured— Xbackground (1) compared.

— Epoch type 1A Ap > 3.5 (shown by the red curve

To show similarities in the short-term behavior AfNO>, in Fig. 1, middle), to see the correlation between the
AAp and Aly-a, we use the superposed epoch analysis signals of A NO, and A Ap. The criterion is chosen
(SEA) method, introduced bghree et al(1913, also known in that way so that there are100 different epochs to
as the compositing metho&dn Storch and Zwiers2001). count in the Northern Hemisphere.

We define four classes of epochs. Each epoch is a time inter-

val of +30 days around day. Days are considered, when Ap — Epoch type 2. AAp >35 and |Aly-a| <
index and/or solar Ly fluxes fulfill particular conditions on 0.015 photonscm?s™t, in order to exclude UV
dayd as specified below. Furthermore, only days are consid- radiation as a source of NOvariation from epoch
ered where MIPAS N@nighttime measurements are avail- type 1.

www.atmos-chem-phys.net/14/4055/2014/ Atmos. Chem. Phys., 14, 4C8X%4 2014
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Fig. 2. SEAs of 103/34/96/21 (epoch types 1/2/3/4, respectively) different events in 2007-2011 at 50 km altitude-&idNGfeomagnetic
latitude. The columns define the epoch type number, the rows ahld®,, A Ap, andA Ly-«. The blue error bars show the tange.

— Epoch type 3A Ly-« > 0.05x 10 photonscm?s™!  sphere, we obtain the following number of evemnis=
(shown by the red curve in Fig, bottom), to see the 103/34/96/21 for epoch types/R/3/4, respectively. These
correlation between the signals AfNO, and A Ly-«. N time series of the quantities= (ANO2, A Ap, ALy-a),

1 9 1 each 61 days long, are co-added
— Epoch type 4A Ly-a > 0.05x 10 photonscm?s

and|A Ap| < 1.0, in order to exclude particle precipi- ZMi .

tation as a source of NQproduction from epoch type ~ _ j=19ii —11.61 2

3 q, M 91 [ ) ]5 ( )
. 1

Events at day/ are defined by the variations of the Ap in- i.e., averaged under consideration of their phase with respect

dex/solar Lymarw flux and not by their absolute values for to the A Ap/A Ly-a event, which is called SEA. Due to gaps

the following reasons. First, a fixed threshold cannot definein the time series of NOVMR, the number of summands

each single event in a 5yr period due to long-term variationspys; at each phase pointis lower than the number of epochs

of the indices. Second, short-term variations in/Ne sup- N (roughly M; ~ 0.7 N).

posed to occur with short-term variations of the indices rather

than exceeding a threshold, with only little change in the ab-3.2 Northern Hemisphere: different epoch types

solute value due to mid- or long-term variations. These are

in competition with photochemistry and dynamics and not The SEA is exemplified in Fig as a black curve at 50 km al-

verifiable with the SEA. titude and 65+ 5° N geomagnetic latitude fok NO,, A Ap,
The thresholds are chosen in this way so that on the on@andA Ly-« and for all four epoch types. The blue error bars

hand the sample of events/epochs is sufficiently large, orshow the & standard error of the mean of each value in

the other hand as high as possible. In the Northern Hemiall figures. In the following, we describe the different epoch

Atmos. Chem. Phys., 14, 40551064 2014 www.atmos-chem-phys.net/14/4055/2014/
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types in detail, for each starting with the conditions men-

tioned in Sect3.1 13 gg 3 . Y
Epoch type 1,AAp> 3.5, N =103: There are sharp S 5l @
peaks around days27, 1, and 28 atA NO,, around days g 45t g 06
—27, 0, and 27 atA Ap, and broad peaks at Ly-o with T 40 0.5
maxima on the same days. This is consistent with the average = 60F 1804
solar rotation. There is roughly the same peak value at days % S5t E
—27,0, and 27 ah NO, andA Ly-«, but different peak val- g S0f @ 193
ues atA Ap. This together with the broadening of theNO, = jg 3 11103
peak indicates the influence of the UV radiation. There are — 60F ( 1d0.4
distinct but insignificant small maxima between day87, g 55k E
0, and 27. They are triggered by high UV radiation averaged S 50 e
out in the ALy-a epoch of the figure, but due to non-linear 2 45t @ 106
influences of UV radiation o NO>, which are explained ® 40 0.7

below, the observed small and non-significant maxima can 0 20 40 60
appear. geom. latitude [deg N]

Epoch  type 5 721‘ AAp >_3'5 an,d ) _|A Ly-a| < Fig. 3. Correlation coefficient of the SEA with respect ta& Ap
0.015photonscm®s™, N =34: The significant corre- (epoch type 2) betweets Ap andA NO», plotted over geomagnetic

Iati(.)n'betvv.eenA Ap and ANO; is more pronounced, if latitudes with 0/1/2 days delay (top/middle/bottom, respectively).
variations in A Ly-o are suppressed. The 27-day period

is clearly visible. Here, the central peak at day 1 is even
higher than those one period before and after. Evidently, the

r
averaged N@ enhancement is linked to tha Ap peaks, = 60¢ 18 32
which are an indicator of enhanced particle precipitation. = 55¢ 18 53
The out-of-phase UV-radiation signal appears faintly at § 50F @) 93
A NO; with a broad maximum around dayl10. = 45f L 4 i
Epoch type 3,A Ly-a > 0.05x 10 photonscm?s1, 40 o 08
N = 96: There are broad peaks around dagg, 0, and 27 at 0 20 40 60 '
ANOy, A Ap, andA Ly-« and the correlation betweexLy- geogr. latitude [deg N]

a, and A NOz is noticeably good. Additionally, the correla-
tion betweem Ap andA NO; is also very good.

Epoch type 4A Ly-o > 0.05x 10 photonscm?s~! and
|AAp| < 1.0, N = 21: TheA Ap signal does not show a 27-
day period. Instead it is more noisy due to smalerThe
A NO> signal is not as smooth as in epoch type 3, due to
the smallerN and due to a noisy Ap signal. Both epoch We also calculated epoch type 2 for geographic zonal
types 3 and 4 show that changes in the UV flux have a signif-means. The correlation coefficients for a delay of one day in
icant impact on N@, probably triggered by the response of A NO; are shown in Figd. They become significantly lower
ozone and temperature to UV flux changes at these altitudeat high northern latitudes. Consequently, Fi§iand4 point
(e.g.,Austin et al, 2007, throughout the 27-day cycle. Thus, out that the observed NQs dependent on high northern ge-
again, we have to consider the impact of UV radiation while omagnetic latitudes and not on geographic latitudes. This is
searching for the one of particle precipitation. another hint at the local impact of electron precipitation.

As discussed above, in epoch type 2, only very small UV  Even though a dependence®iNO; on A Ly-« is clearly
radiation variations are permitted. The correlation coefficientvisible in the SEA, linear dependency cannot be assumed due
r of that epoch type betweets Ap and A NO» is shown for  to several simultaneous influences. UV radiation has an im-
all calculated altitudes and geomagnetic latitudes in Big. pact on the temperature, ozone, the ozone column above,
(10° x2 km grid). The three panels (top/middle/bottom) show and on the NO photolysis rate, for example, each result-
the resultantr when the A NO, signal has a delay of ing in variations of the N@ VMR at night. Thus we need
0/1/2 days, respectively. The correlation coefficient is highesta method which is able to detect also nonlinear correlations.
(greater than 0.6) at geomagnetic latitudes of the outer radivWe have chosen the quadrant correlatiBfo(nqvist et al,
ation belt at 65+ 5° N and one day delay. The central peak 1950, which requires only that the relation between two
of the A NO, SEA also appears on day 1. There is neither avariables is monotonic. By this method, the precisjoiis
significant correlation at lower geomagnetic latitudes nor atdetermined, indicating the significance level of a monotonic
75+ 5°N. correlation between both variablgsdoes not determine the

strength of the correlation or the sign of the monotonicity.

Fig. 4. Correlation coefficient of the SEA with respect ta\ Ap
(epoch type 2) between Ap and A NO» with a delay of one day,
plotted over geographic latitudes.
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Fig. 5. Altitude- and geomagnetic latitude-dependent precigiof
the quadrant correlation af Ly-o and A NO,. The sign indicates

L o ‘ 4
whether the correlation is positive or negative. 5
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L
H
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< B5F 90. o * e
Py ¢ g(s) sensitivity [ppb] pr [ppb/(d*Ap)] lifetime [d]
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.§ .92: Fig. 7. Left: Altitude-dependent sensitivity ok NO> on the con-
T O = B ditions of epoch types 1/2/3 shown in black/blue/red, respec-
= — 95. . . . .
40 s -99. tively. Middle: Altitude-dependent production rate or epoch type
0 20 40 60 1/2 shown in black/blue, respectively. Right: Altitude-dependent

geogr. latitude [deg N] A NO, lifetime at night. All quantities were determined at65° N

geomagnetic latitude. The error bars show therdnge. The shad-
owed area marks the altitudes, where the determination of the life-
time is not reliable.

Fig. 6. Same as Figb but with geographic latitudes.

Here, every daily mean is considered, subject to the condition
that| A Ap| < 1.0 is true for a certain day and the day before. hence roughly constant NOpartitioning), retrieved N@
In Fig. 5, the quadrant correlation is plotted over geomag-lifetimes correspond to NQlifetimes. Effects of the rectan-
netic latitudes, and in Figs over geographic latitudes, re- gular filter we use to determine NQ,, ,.,..sare insignificant.
spectively. The color code shows bgthand the sign of the As a first step, we determingr andt iteratively by mini-
correlation. Figuré shows a positive correlation at &5° N mizing the residual:
geomagnetic latitude, which could be caused by electron pre- 60 r =t 2
cipitation in phase with solar Lymam-flux, not filtered out 2_ Z (Zz—o@ ©-pr-AAp;_, — AN02i>
by the Ap index criterion. In Fig6, there is a strong corre- oi '
lation at 45—65N and 48-50 km altitude. It could be partly . ) ]
a blurred effect of the positive correlation appearing in geo-! denotes an integer depending offtypically ~ 2 —3- 7).
magnetic latitudes, but singeis even higher, other effects i denotes the variance aiNO;.. In Fig. 7 (right), z is plot-
have to be taken into account. Simultaneous variations irf€d in dependence on the altitude. At altitudes higher than
temperature, ozone, and NO photolysis triggered by UV ra->4km,  becomes most likely lower than one day, but the
diation can affectA NO, as well. This can lead to a posi- analysis qf da|ly means is not able to rgsolve that. This is
tive correlation at high latitudes and a negative correlation atvy the figure is shadowed at these altitudes. ThNO;
lower latitudes. lifetimes are significantly lower at all altitudes than the NO
However, the detailed analysis of the UV-radiation re- lifétimes after an SPE determined Byiederich et al(2013.
sponse is beyond the scope of the paper. In the following IS Mostly triggered by dynamics at these altitudésagseur
it is only essential that the UV-radiation response does nofd Solomon2003 Friederich eta|.2013. Atan SPE, NQ

affect the Ap response, which is the case for epoch type 2. IS €nhanced over the whole polar cap, whereag &ithance-
ment due to electron precipitation is restricted to a small re-

®3)

i=0

3.3 Northern Hemisphere: fit to the SEA gion. Due to mixing with air that was not affected by electron
precipitation the dynamical lifetime of NQOss significantly
In order to determine an Ap index-dependent,N@oduc-  lower than after a SPE.

tion rate we fit a simple model to the epoch type 2 SEAs In order to determingr precisely together with its vari-

of ANO, at 65+ 5° N geomagnetic latitude. We account for ance, we applied a least squares fit utilizingletermined

a linear dependency of the Ap index, namely theyN®o- before. In Fig.7 (middle), pr is plotted with its & range
duction rate per dayr, and the altitude-dependent N@fe- in dependence on altitude. The black curve shows the result
time t. Since we analyze NPat a fixed local times (and for epoch type 1, the blue one for epoch type 2. ThHO,

Atmos. Chem. Phys., 14, 40551064 2014 www.atmos-chem-phys.net/14/4055/2014/
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Fig. 8. SEA of A NO, at 65+5° N geomagnetic latitude and differ-

ent altitudes (black). In red the corresponding fits. Fig. 9. Epoch type 1 SEA ofA NO; at 65+ 5° S geomagnetic lati-

tude and 50 km altitude. The blue error bars show theahge.

value at day 1, hereinafter called sensitivity, of the eF?OChthe whole data set did not lead to any significant results. The
.types 1/2/3 is shown asa black/blue/red curve, respectlvelyl,eason for that is the sampling of the Ap index. Ap events
n g]el Ieft:j:(umnhof F|_g.7. ith ianal in th ... .. are generally lower during the periods of polar summer in
(_aovr\: n(; there is nelitrher arzlsk@n_a 'rr: tle sensltwng the Southern Hemisphere used for the analysis, especially in
nor in the production rate. Thus, m is the lower bound-y, o s thern summers of 2008/2009 and 2009/2010. The Ap
ary, where electron pre0|p|tat|on can be detected_ .W.'trh NO index is so low during these periods that it has no signifi-
rngasurements of MIPAS in 2007-2011. The sensitivity MaAX“cant effect onA NO,, and other variations perturb the SEA.
Imizes at 48 km a10.20/0.41 ppb for epoch types 1and2, " Therefore, these two periods are taken out of the analysis.
spectively, while the production rate maximizes at 50 km alThere are 372 daily means of MIPAS measurements left. Ap-
0.015/0.029 ppbApd) L. The difference in altitude can be plying epoch type 1 leads to 68 events
explained by the different NQiifetimes. At altitudes higher In Fig. 9, the SEA of epoch type 1 is.shown for 655° S
than 52 km there is neither any significant sensitivity nor anygeomagnétic latitude and 50 km altitude. The maximum val-
positive production rate. This is most probably due to the factues around 0.1 ppb @ NO; are at days 1 and 2, but the peak
that the NQ lifetime is lower than one day making it im- is very broad. The other maxima are at day —,26 and at day
possible to detect it by analyzing daily means. Nevertheless25 The minima are at days —13 and 13. A 27-day cycle is
it should be considered that the MOy ratio decreases oo identifiable, but the width of the peaks and the rela-
with mcreasmg.alutude at .mg‘ht. Add|t|onally, the pfﬂqency tive errors are larger than in the Northern Hemisphere. This
of NOx production due to ionization, which is mainly influ- is due to the lower number of used measurements and due
enced by temperature-dependent reactions, shows its Pe3K the worse samoli - ; .

2 ) pling of the Ap index in the periods. Thus,
betv}/egg 142 I_(I_nr;' and 52knFnke et ﬁjl‘ 2|01l Fr||e<_jer|r<]:h d SEAs of the other epoch types and a correlation analysis do
et al, . 3. These tvyo reasons could also explain t € 0ot lead to any significant result. In Fig0 the sensitivity of
crease in the production rate from 50 km to 52 km. In Big. NO, at day 1 is shown. Maximum values are 0.09 ppb at
the averaged epophs of epoch type 2at 54, 50, and 45 km 48 and 50 km altitude. The altitudes with the highest sensi-
titude are shown in black (top/middle/bottom, respectlvely).tivity and the shape of the curve are similar to the Northern
The fits to each of them are shown in red. These fits ”Ius'Hemisphere and confirm the results of S&2.and3.3 The
trate that thg central peak.and the peaks around ﬂ’ﬂWS maximal values are lower due to the reasons already men-
can be explained by an Ap index-dependentNd@duction tioned
considering the altitude-dependent Nidetime. '

3.4 Southern Hemisphere 4 Conclusions

We performed the same analysis for the Southern HemiWWe showed the significant influence of solar variabilities on
sphere at the time periods as described in TAbleturned  nighttime NG and consequently on NOn the lower meso-
out that applying the criteria of the different epoch types to sphere and upper stratosphere during solar minimum and the
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LB B AL BRI Observations in the Southern Hemisphere are less signifi-
cant due to a worse sampling of the Ap index during the an-
alyzed time periods. Nevertheless, they show a slight 27-day
cycle and confirm that the altitudes of maximal sensitivity of
NO to solar variation are 48-50 km.

This is the first study showing the independent influ-
ence of electron precipitation on NQand on trace gases
in general, at altitudes between 46km and 52km in the
spring/summer/autumn hemisphere to our knowledge. Fur-
ther studies are necessary to investigate the possible impact
451 g on ozone and examine the i@roduction rates during solar
[ maximum.
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Fig. 10. Altitude-dependent sensitivity ok NO» to the conditions

of epoch type 1 at 65 5° S geomagnetic latitude. The service charges for this open access publication
have been covered by a Research Centre of the

Helmholtz Association.

beginning of solar maximum. The 27-day period is clearly
visible in A NO, generated by short-time variabilities in so-
lar UV radiation and electron precipitation. We have distin-
guished the geomagnetic influence from that of UV radia- References
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