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Abstract. Polar mesosphere summer echoes (PMSE) ard Introduction
strong enhancements of received signal power at very high
radar frequencies occurring at altitudes between about 80 and

95 km at polar latitudes during summer. PMSE are caused b
inhomogeneities in the electron density of the radar Braggkﬁ—he phenomenon of strong radar echoes from the mesopause

scale within the plasma of the cold summer mesopause re-c9ion during summer is well known from VHF radar obser-

gion in the presence of negatively charged ice particles. Thu%’at'onj at';rdelquleptczlzs bfetweerQ l\t/Ith %r(‘)dN lTﬁHZ at po- lled
the occurrence of PMSE contains information about meso-2' @nd Middie fatitudes for more than U yr. 1hese so calle

spheric temperature and water vapour content but also d Polar Mesosphere Summer Echoes (PMSE) are caused by in-

pends on the ionisation due to solar wave radiation and pre" omogeneities in the electron density of a size comparable to

cipitating high energetic particles. Continuous and homoge-_the radar Bragg scale (ab_out 3m at 50 MHz radar fre.quency)
n the presence of negatively charged aerosol particles. At

neous observations of PMSE have been done on the NortH ) . L .
Norwegian island Andaya (6%8l, 16.0° E) from 1999 until mesospheric heights under normal condition irregularities in

2008 using the ALWIN VHF radar at 53.5 MHz. In 2009 the the electron density distribution in the order of about 3m are
Leibniz-Institute of Atmospheric Physics intiklungsborn, smoothed out by molecular diffusio.fbken et al.2003).

Germany (IAP) started the installation of the Middle Atmo- Small scale structures of e.g. charged ice particles created

sphere Alomar Radar System (MAARSY) at the same Ioca_bybtu.rbulem advelctlon Ieads(;to S“T‘!""“ ;truc;ures n th:a'd|s-
tion. The observation of mesospheric echoes could be conZribution otiree € ectrons an p05|t|v§ lons due to multipo-
lar coupling between all charged speciBsifp et al.2008.

tinued in spring 2010 starting with an initial stage of expan- ™ I le struct i the elect I
sion of MAARSY and is carried out with the completed in- ese small scale structures in the electron gas may well ex-

stallation of the radar since May 2011. Since both the AL- ist a considerable time after molecular diffusion has already
WIN radar and MAARSY are calibrated, the received echo destroyed any structures in the neutral gas distribufRapp

strength of PMSE from 14 yr of mesospheric observationsand Lilbken 2003. First mesospheric summer echoes were

could be converted to absolute signal power. Occurrence fre?PServed at t_he _end of the 1970s at mid-latitudes above the
gnaip arz mountains in GermanyCgechowsky et al.1979 be-

guencies based on different common thresholds of PMS X . .
echo strength were used for investigations of the solar an ore the first echoes of this type were seen at polar latitudes

geomagnetic control of the PMSE as well as of possible Iong-above Poker Flat{cklund and BalsleyL981). A detailed re-

term changes. The PMSE are positively correlated with the\éﬁw abguRt)the eigé obse(;vatlons OT PMSE ; an be found in
solar Lymarw radiation and the geomagnetic activity. The d 0 an di ttg::rrg_ r? and an ovErwek;N ont EI'C L;]rrent un-
occurrence frequencies of the PMSE show slightly positive erstanding of this phenomenon has been publishétepy

trends but with marginal significance levels. and mbken(ZO_O4). .
This paper gives an overview about the long-term observa-

tions of PMSE obtained with two VHF radars at the Norwe-
gian island Andgya (69°q, 16.0° E) from 1999 until 2012.

In contrast to earlier investigations Bremer et al.(2006

and Bremer et al.(2009 the dependency of PMSE occur-
rence rates on solar and geomagnetic activity is discussed on
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Table 1.Basic radar and experiment parameters relevant for volumeber 2008 to be replaced by MAARSY dtteck et al. 2010

reflectivity determination. 2012h the more powerful and flexible Middle Atmosphere
Alomar Radar System. Parts of the ALWIN antenna array
radar  ALWIN ALWIN64  MAARSY  MAARSY and the container housing the transmitter and receiving units
period  1998-2008 2009 2010 2011/2012  were moved approximately 100 m westward of the old radar
Pt 36 kW 36 kW 250 kW 736 kW site to be used for PMSE observation during the construction
Txant. 144 6 147 433 of the MAARSY antenna array in 2009. This interim solution
Gt 28.3dBi 15.6dBi 29.0dBi 33.5dBi called ALWING64 (Latteck et al. 201Q 2012h used six of
% - 62°4 15‘41(’ 6; 3-76° the newly designed MAARSY antennas for transmission and
X ant. . .
G, 20.6 dBi 20.1.dBi 15.5dBi 15 5 dBi 64 of thg old ALWIN Yagi antennas for r_eceptlon. The suc-
e 058 058 054 054 cessive installation of MAARSY started in September 2009
r 300m 300m 210m 210m upon completion of the new antenna array. The radar con-
—ecsys 25x10°8 23x10°7 13x10°8 43x10°° trol and data acquisition hardware as well as 217 transceiver
m 32 64 32 32 modules were installed in spring of 2010. A second stage
n 16 8 8 8 of expansion to 343 transceiver modules was brought into
8r 101dB 107dB 101dB 101dB service in November 2010 and the system was finally up-
graded to 433 transceiver modules in May 20Lat{eck
etal, 20123.
Andoya — Reflectivity In this paper we concentrate on the period of continuous
15000k ‘ ‘ ‘ - -1099-ALWIN | PMSE observation at Andgya starting in summer 1999 un-
T 2000- AN til autumn 2012, using ALWIN and MAARSY. Both radars
JIoE002-ALeN were run at 53.5 MHz but most of the other technical param-
2004-ALWIN eters as e.g. the peak powRr the gains for the transmitting
1 | -~ 2006-ALWIN || (Gy) and receiving G) antennas, the antenna beam width
10000 - = 2007-ALWIN .
- 2008-ALWIN and the loss factar as well as operation parameters as e.g.
£ T 0lo manmsy the used effective pulse widthand the number of used code
5 o iauanney elementsn or the number of coherent integrationsvere
L different. Tablel lists the most important parameters of the
5000 used radars during the various periods of operation.
2.2 Comparability of radar observations
o : ‘ L : In order to compare PMSE occurrence rates the received
-17 -16 -15 -14 -13 -12 -11 -10 -9 -8

echo power was converted into radar volume reflectivity
which is a system independent parameter in contrast to, e.g.,
Fig. 1. Annual distributions of PMSE volume reflectivity as ob- relative signal strength or signal-to-noise ratio, since its cal-
served with ALWIN and MAARSY on Andgya between 1999 and culation considers the individual radar characteristics and ex-
2012. periment configurations. Radar volume reflectivitys de-
fined as the power which would be scattered if all powers
. o . were scattered isotropically with a power density equal to
the basis of radar volume reflectivity which allows the com- that of the backscattered radiation, per unit volume and per

n/m?t o

parison of observations from different radar systems. unit incident power densityHocking 1985. It can be ex-
pressed as
2 Observation of polar mesosphere summer echoes at P 12872 2In(2) r? 1)
Andgya from 1999 until 2012 T P GiGaZe P
2.1 Radars used for PMSE observations wherer is the range to the scatterets; and G, are the

gain of the transmitting and receiving antenna respectively,
The observation of PMSE at Andgya started in the earlyf|1/7 is the half power half-width of the transmitting an-
1990s using the mobile SOUSY rad&zechowsky et al.  tenna beam). is the radar wavelengtlz, is the system ef-
1984 and since 1994 the ALOMAR SOUSY rada&igger ficiency containing mainly the losses of the antenna feeding
et al, 1995. The latter was replaced in 1998 by the ALWIN system,P; is the transmitted peak powe; is the received
radar (atteck et al. 1999 which allowed unattended and signal powerc is the speed of light, and is the effective
remote controlled operation. After 10 yr of nearly continu- pulse width Hocking and Rttger, 1997). The factor 2 I1§2)
ous operation the ALWIN radar was switched off in Septem-is a correction term related to the non-uniform antenna gain
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Fig. 2. Mean seasonal variation (left, thick red line) and mean height variation (right, thick red line) of PMSE occurrence rates at Andgya
based on VHF-radar observations using ALWIN and MAARSY between 1999 and 2012. The star-symbols indicate the corresponding oc-
currence rates for the individual years. The gray shaded period and height range were used for the determination of mean PMSE occurrence
for further investigation.

mean oceurrence June/July for a minimum duration of 20 min (i.e. 4 consecutive 5-min
100 ‘ ‘ ‘ ‘ ‘ ‘ —6 averages) in one range gatefteck et al. 2008.

Figure 1 shows the annual distribution of PMSE vol-
ume reflectivity observed with ALWIN, ALWIN64 and
MAARSY on Andgya between 1999 and 2012. The left bor-
ders of the distributions illustrate the differences in sensitiv-
ity of the operational modes of the radars, most convincingly
shown by the solid blue line representing the ALWIN64 ob-
servations in 2009. The differences in echo detection sensi-
tivity is also represented in the absolute values of the peaks
of the distribution of the various years. This parameter is also

80

60

40¢

occurrence / %

Lyman o, / 10 photons cm?s™t

20t = predominantly affected by the annual variation of PMSE oc-
o s 107 currence caused by geophysical variations, as can clearly be
‘ ‘ ‘ ‘ I e I Ui 5 seen by comparing e.g. the dashed curves representing AL-
2000 2002 2004 2006 2008 2010 2012 WIN results only.

Year

Fig. 3. Mean occurrence rates of PMSE for the months June and?-3 Long term changes in PMSE occurrence rates

July from 1999 until 2012 derived from radar volume reflectivi-

tiesn > 10~ (blue circles); > 10714 (blue diamonds) and > A qualitative comparison of the PMSE occurrence rates of
10713 (blue squares) based on VHF-radar observations using ALthe various years required the consideration of even marginal
WIN, ALWING4 and MAARSY. The green stars represent the mean smga|| differences in echo detecting sensitivity due to system
Lymane values for June/July. and operational differences of the radars. Therefore a min-
imum valuenmin = 10 m~1 was defined and occurrence
rates were calculated for PMSE greater than this threshold
for all the year between 1999 and 2012. The left plot in
Fig. 2 illustrates the results as daily values (black stars) of

for the different periods and radar configurations. Hence th the individual years and a polynomial fit (red line) through

. he corresponding daily averages. The characteristic of the
radar reflectivityy depends only on the range to the scatterers |, . o L
. X derived mean seasonal variation of PMSE is similar to the
r and the absolute value of the received signal poiyer

results found earlier bremer et al(2009. Here, however,
n =P csys r? (2)  the startof the season is 4 days earlier near 16 May.
For the further study of long term changes in PMSE oc-

The correct determination af, requires the calibration of currence rates the possible influence of ionisation caused by
the receiving path of radar system as e.g. describkdtteck  solar and geomagnetic activity have been investigated fol-
et al.(2008. lowing the procedure used Bremer et al(2009. Seasonal

The determining of PMSE is based on 5 min averages ofmean values of PMSE for the time period from 1 June until
radar volume reflectivity. A PMSE event was defined as a31 July and the height range between 78.5 and 92 km (gray
radar reflectivity enhancement above the detection limit, butshaded areas in Fig) have been calculated for every year

over the half-power beam-widtP{obert-Jonesl 962 Skol-
nik, 1990. All system dependent parameters of EL). ¢an
be combined into a system factogys as shown in Tabld
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and compared with corresponding mean values of the solar SNR /dB
Lyman « radiation and of the geomagnetic Ap index. The g, -16 -6 4 14 24 34 44
Lyman « radiation is the dominant ionisation source (ioni-
sation of nitric oxide) in the undisturbed ionospheric D re-
gion whereas the geomagnetic Ap index may be an indi- 85t
cator for precipitating high energetic particle fluRrémer
et al, 2009. Since the echo detection sensitivity for AL-
WING64 in 2009 was extremely lower compared to the other -3 83T
years, two more sets of PMSE occurrence rates for the indi- L
vidual years were derived using thresholdsgf, = 1014
m~1 and ymin = 10712 m~1. The latter allowed to include
the 2009 observations in the study. Fig@rehows the corre-
sponding PMSE occurrence rates QR OR_14and OR 13
derived for the three thresholds> 10~ m~1 (blue circles),
n>10"1* m~1 (blue diamonds) ang > 1013 m~1 (blue Fig. 4. Height profile (10 min average) of a PMSE obtained on
squares) respectively. The green stars are the mean Lyman 15 July 2008 at 12:00 UT using ALWIN shown as signal-to-noise
values for June/July representing mean solar activity duringatio (green line) as well as volume reflectivity (blue dashed line
the last solar cycle. All three occurrence rate series show &nd circles). The vertical black Qashed line shows the connection
similar behavior with slight variations but on different levels Petween the threshold as usedaremer et al (2009 for ALWIN
and indicate no obvious dependence on the solar cycle. data and the corresponding value in volume reflectivity.

Qualitative results of the dependency of three PMSE oc-
currence rates OR5, OR_14 and OR_13 on the solar Ly-
mang radiation as well as on the geomagnetic Ap index areat the same location but with the more powerful and flexible
shown in the left, middle and right plots of the upper and mid- Middle Atmosphere Alomar Radar System (MAARSY). In
dle panels of Fig5, respectively. The correlation between contrast to these earlier studies the PMSE occurrence rates
Lyman«a and the PMSE occurrence rates QRrepresent-  were derived on the basis of radar volume reflectivity using a
ing most echoes is slightly negative, whereas a positive corcommon threshold instead of using several SNR-thresholds
relation with Lymanx is given for OR_14 (middle panel) and  adjusted to the system parameters. This allows a more flexi-
OR_13 (right panel). A general positive correlation exists in ble comparison of observations from different radar systems
the comparison of all three PMSE series with Ap, indicating as once the received echo power is converted into reflectivity
an increasing PMSE occurrence with increasing ionisationvarious thresholds can easily be chosen in order to consider

ht / km

Heig

| | il | | |
-16 -15 -14 -13 -12 -1
log () / m!

level caused by enhanced geomagnetic activity. the different PMSE detection limits of the various radars
The influence of both parameters on the PMSE occurrencéased on differences in system parameters and experiment
has been removed by a twofold regression analysis configurations as shown in Fidg.
Three common thresholds of volume reflectivity OB,
OR =a+b-Lya+c-Ap (3)  OR_14 and OR 13 have been used to investigate the depen-

dence of PMSE occurrence on solar and geomagnetic activ-
ity. The results are presented in the upper and middle panels
of Fig. 5. The correlation between Lymanand PMSE oc-
currence rates OR5 (Fig. 5, left top plot) representing all
detected echoes is slightly negative whereas a positive cor-
relation with Lymane is given for OR 14 (Fig. 5, middle
d_top plot) and OR 13 (Fig. 5, right top plot) both repre_sent-
of 0.39+ 0.67%/a, 0.52+0.83%/a and 064+0.78%/a for "9 Well pronounced echoes only. The latter also eliminate
daily variations on PMSE occurrence due to daily variation

AOR_15, AOR_14andAOR_13, respectively. The error val- . .
15 14 13 P y f_of background noise. Furthermore OR is very comparable

ues of the different trends have been estimated for a signif-""
icance level of 95%. As can be seen for all trends that theWIth the SNR-threshold as used Bremer et al(2009) for

correct significance levels are smaller than 95 % (77 %, 80 %jA‘LWIN data as shown in Figd. The results indicate a gen-
90 %). erally low dependence of PMSE occurrence on solar activity

and also confirms the conclusion Byemer et al(2009 that
various processes caused by solar radiation, reduce the influ-
3 Discussion ence of increasing electron density due to increasing ionisa-
tion which actually should increase PMSE.
The present study was conducted to update earlier investiga- The correlation found between the PMSE occurrence se-
tions Bremer et al. 2006 2009 with data series obtained ries and the geomagnetic activity represented by Ap was

following the procedure described Bremer et al(2009 in
order to investigate possible long-term variations of PMSE.
The differencesAOR_15, AOR_14 and AOR_13 between
the original observed occurrence rates QR OR_14 and
OR_;3 and the adjusted occurrences rates’ @R shown
in the three plots of the lower panel of Fif. respectively.
An estimated linear trend line shows a slightly positive tren
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Fig. 5. Dependence of the PMSE occurrence rates @Rleft panels), OR 14 (middle panels) and OR; 3 (right panels) on the solar Lyman
« radiation (upper panels) and on geomagnetic Ap index (middle panels) as well as long-term variation of the PMSE occurrence rates after
elimination of their solar and geomagnetically caused parts (lower panels).

positive for OR 15 (Fig. 5, left middle plot), OR 14 (Fig. 5, ence of increasing electron density due to increasing ionisa-
center plot) as well as for QR 3 (Fig. 5, right middle plot).  tion which should actually increase PMSE.
This is an indication for a direct influence of precipitating A significant correlation between the PMSE occurrence
fluxes of high energetic particles to the increase of electrorrate and the geomagnetic activity represented by Ap was
densities and therefore the increase of PMSE occurrencdound independently of the used PMSE detection thresholds,
The PMSE trends in the lower part of Figare for all three  confirming the direct influence of precipitating fluxes of high
investigated thresholds of volume reflectivity positive with energetic particles to the increase of electron densities and
significance levels between about 77—90 %. therefore the increase of PMSE.
After eliminating the influences of solar and geomagnetic
activity, the PMSE occurrence frequencies show slightly pos-
4 Summary and conclusion itive trends but with small significance levels. The latter is
. . probably caused by the short period of observation of 14 yr.
Polar mesospheric summer echoes from 14 yr of continu- gyqyre activities will be directed to the integration of
ous VHF radar observations at Andoya (6§ have been  pyse data from earlier years obtained with the ALOMAR
investigated for solar and geomagnetic control as well as folgg sy radar between 1994 and 1997. Since ALWIN data
possible long-term changes. The investigation is based 0n 0Gsapy pe directly converted from SNR into volume reflectiv-
currence rates derived from radar volume reflectivity of theity and vice versa as illustrated in Fid, the ALWIN data
received echoes considering the differences in technical persat could be used to adjust the older (SOUSY) and newer
formance and experimental operafcion of_the radars ALW|N(MAARSY) data to a common threshold for long term in-
and MAARSY used at the same site during the long period,estigation of PMSE occurrence rates. This will improve the
of observation. The given differences in detection sensitivity o\ erall data availability and should also improve the signifi-
of the used radars were taken into account by using varioug s ce of the trends.
common thresholds of PMSE echo strength for the determi-
nation of the occurrence frequencies.
The correlation of PMSE occurrence with the solar Ly-
mane radiation depends on the applied threshold for the de-
tection of PMSE. A positive correlation is only seen if well
pronounced echoes are taken into account. Nevertheless the
results confirm the conclusion Bremer et al(2009 that
various processes caused by solar radiation reduce the influ-
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