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Abstract.
Variations in PMSE (Polar Mesosphere Summer
Echo) occurrencewith 4-6 day periods were observedby the
ESRAD radarduringthe summerof 1997. Theseare compared
with temperaturefluctuations in 5-day planetary waves extractedfrom the UKMO assimilatedglobal data analyses. At
the beginning and end of the PMSE season,the PMSE variations are closely anti correlatedwith temperaturevariations
associatedwith 5-day planetary wavesat the 1 mb level. The
planetary wave amplitudesexpectedat the mesopauseare 1-2
K. This is found, by comparisonwith the seasonaldecayof
PMSE asthe temperaturerises at the end of the summer,to be
sufficient to explain the observed5-10% amplitudefluctuations in PMSE daily occurrence.
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Introduction

Polar MesosphereSummer Echoes (PMSE), are strong radar
echoesreturned by thin layers lying between about 80-90 km
altitude, close to the summermesopause(•-88 km altitude) at
high latitudes.They are consideredby some to result from the
presence of small-scale turbulence affecting very small,
chargedaerosols (see review by Cho and R6ttger, 1997 and
references therein). They are related to nocfilucent clouds,
which are layers of rather larger aerosols which form in the
same seasonin the same height region (e.g. Nussbaumeret al,
1996; K. Stebel and K.H. Fricke, unpublisheddata, 1997). The
aerosols are thought to be formed by water ice and the
appearanceof PMSE seems to require both low temperature
(below 180 K) and high water vapour content (several ppmv)
near the mesopause(Balsley and Huaman, 1997; Kirkwood et
al., 1998), both of which are generally available betweenlate
May and mid-August. During this season, when PMSE are
present at some time almost every day, their persistenceis
modulatedby strong 24 h and 12 h variations. Tidal wind
oscillations with the same periods are detectedin the same
region but the wind-shears associated with the wind field,
which are expectedto control turbulence,are not sufficient to
explain the variations in PMSE (Barabashet al, 1998). It is
likely that temperaturecontrolledmodulationof the sub-visual
aerosolsis instead responsible (H. Nilsson, unpublisheddata,

northern Sweden (the radar and the PMSE observations are described in more detail in Chilson et al., 1998 and Kirkwood et

al., 1998, respectively). The spectrum of PMSE occurrence
during the period 1 June- 31 July is shown in Figure 1. The
occurrencehas been taken as the binary series of whether or
not the averagehourly signal-to-noiseratio (SNR) for the altitude interval indicated exceeds -10 dB (see Kirkwood et al,

1998). The original measurements
weremadewith two different height resolutions(150 m and 600 m), i.e. with different
length radar pulses, time-slicing between the two. The results
from both are shownseparatelyin Figure 1, to give an indication of the reliability of the spectral peaks. There are clear
peaksat 12 h, 24 h and 4-6 days. The form of the spectrumis
not particularly sensitive to the choice of detection level
within 53 dB, however at higher thresholdsthe peaks at 5-6
days and shorter periods become indistinct and the spectrum
becomesdominatedby 10-day periods and longer. The spectrum in Figure 1 shows,therefore,sensitivityto small changes
in the threshold for PMSE appearance. Spectral analysis
simply using the averagesignal strength for each hour gives
the sameresultas usinga high threshold, i.e. is dominatedby
long period variations as the time series includes a small
numberof very high values.The peak at 4-6 days in our data is

1997). A 12-h modulation of noctilucent clouds has also been
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reported(von Zahn et al., 1998). Here a combination of tidal
temperaturechanges and size-selective vertical transport of
aerosolsis proposedto explain the modulation.
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clouds,

with about 5-days period, have been reported by Sugiyama
(1994) and Sugiyama et al. (1996). The latter authors have
proposedan explanationfor this in terms of a 5-day humidity
modulationdue to slow sedimentationof aerosols. In this paper we use PMSE observations from 1997 to study the 5-day
modulation and investigate whether it might instead be explainedin termsof temperaturemodulation by 5-day planetary

Figure 1. Spectrumof PMSE occurrenceat ESRAD between 1
Juneand 31 July 1997. Occurrenceis defined as SNR > - 10 dB,
and is basedon one-hour average SNR for the height interval

Papernumber1998GL900198.

84-86kin: solidline corresponds
to measurements
with 15'0m

0094-8276/98/1998GL900198505.00

original radar resolution,dashedline to 600 m.
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tectable at 5-6 days. These spectraare similar to, but have a

•

muchhighernoiselevel than,the spectraof the corresponding
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wind componentsfrom Poker Flat (Sugiyamaet al., 1996),
which was a considerablyhigher-powerradar.
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Upper stratosphere planetary waves and zonal
winds from UKMO analyses
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In orderto look for planetarywaveswe usethe global, daily
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Figure 2. Spectrum of each of zonal and meridional wind
componentsmeasuredby ESRAD using spacedantenna technique applied to the PMSE between 05 June and 19 June 1997
for the height interval 84-86 km. l-hour averagedwinds are
usedwith original radar height resolution 150 m, averaged
over 13 gates.

analyses from UKMO (UKMO-UARS assimilative correlative
analyses) which are based on standard radiosondesand mete-

orological satellites and cover altitudes from the ground to
about 55 km (0.3 mbar) (Swinbank and O'Neill, 1994). The

primary data used in preparing these daily analyses for the
higher altitudesare temperaturesfrom the satellites. We therefore extract the planetary waves from the temperaturefields.
Westward-propagatingplanetary waves with zonal wave number 1 and period around5 days are known to be common in the
atmosphere(e.g. Andrewset al., 1987). We extract them by,
for each altitude, first performing a spatial fourier analysis
perhapseven clearer than reportedby Sugiyamaet al. (1996) aroundeach latitude circle (to extract wave number 1), followed
usingdata from the Poker Flat radarin Alaska. The 12 h and 2 4 by time-domain filtering (each altitude and latitude indeh peaks,on the other hand, are not visible in Sugiyamaet al's pendently)with a 4-6 day bandpassfilter. Figure 3a shows the
(1996) spectrrumof PMSE SNR. This is likely due to the resulting5-day planetary wave amplitudesfor the 1 mb level,
different analysis technique he used, which was to take the for the whole globe, for each day in 1997. Although data is
availableat higher altitudeswe find that the phase consistency
spectrumdirectly of averageSNR
Figure2 showsthe spectrumof eachof the zonal and meridi- between latitudes becomespoor there suggestingthat we are at
onal wind components at PMSE altitudes from ESRAD the limit of the resolving power of the data. Figure 3b shows
(measuredby the spacedantenna technique). In order to have the zonal-mean zonal winds on the same grid, for comparison.
The strongestplanetary waves are clearly seen in the winter
sufficientcoverageof each day in the wind measurementsfor a
spectral analysis, the analysis is restrictedto the period 05 - hemispheres.This is expectedsince they can propagate up19 June. These spectra show also the 12 h components, and wards from the tropospheremost easily when the stratospheric
someenergyaround24 h but the noise level and the shortness wind is eastward,oppositeto the direction of the waves' phase
of the time period makes it uncertainif there is any energy de- propagation. Rather surprisingly, there is even considerable
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Figure 3. a) Amplitudein K (colourscale)of 4-6-day, wave-number-one,
planeta,'ywavesas a functionof day of the year (xaxis) andlatitude(y-axis)for 1997.Data are derivedfrom UKMO-UARSassimilatedcorrelativeanalysis as describedin the text.
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ms-1)onthesame
gridandfromthesame
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planetarywave energyin the summerhemispheres,despitethe
unfavourable stratospheric wind direction. Planetary waves
reachingthe summermesosphere
have, however,been reported
elsewhere(e.g. Espy et al., 1997; Jacobiet al., 1998), so we
do not doubt their authenticity. They are clearest at mid-
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phaseis remarkablygood at the beginning and end of the
season(up to day 150 and after day 220) with high temperatures
corresponding
to lessPMSE.Betweendays150-180

however, the correlation is poor with little PMSE variation
despiteconsiderable'wave'amplitude.This is what we might
latitudes but careful scrutiny of Figure 3a shows that they expect if temperaturechangesassociatedwith the planetary
extendeven to fairly high latitudesat the start and end of the wavesraiseand lower the averagedaily temperaturebringing it
summer(i.e. for the northern summer between days 120-150

further from or closer to the threshold for aerosol formation.

and 220-250).

The 24h and 12 h tides will then bring the temperaturebelow
the thresholdfor shorter or longer periods, respectively, each

Correlation between PMSE and Planetary Waves

day. In the middleof the seasonthe temperatureis lower and
likely below the thresholdwhateverthe tidal or planetarywave
activity.

Figure4a showsthe time seriesof PMSE occurrence
from
The amplitudeof the temperaturefluctuationsassociated
ESRAD,Figure4b thesametimeseriesafterthe applicationof
with the planetarywavesat the radarlatitudeduringthe PMSE
a 4-6 daybandpass
filter. At the beginningandin the second
half of the season(before day 160 and after day 200), the

PMSEis stronglymodulated
at 4-6 dayperiods.
In thefirst half
of the season, after the first few days, it seems to be less
affected.

Figure4c showsthe temperature
variationassociated
with
the'5-dayplanetary
waves'at 1 mb altitude,andthelocationof
ESRAD (68 N, 20 E) togetherwith the filtered PMSE variation

(withsignreversed)
for comparison.
The (anti-) correlationin

seasonis only 0.1-0.2 K at the 1 mb (-45 km) level. For a

planetarywave propagatingfreely upwardin an isothermal
atmosphere,we wouldexpect the temperaturefluctuationsto

keepessentiallff
constant
phaseandincrease
amplitude
in

proportion
toezz/7H(e.g.Andrews
etal 1987),where
z isthe
height changeandH the atmosphericscale height (around6
km in the mesosphere).
So we couldexpectamplitudes1-2 K at
the mesopause,
andthe samephaseas at 1 mb. This is less
than, but of the same order of magnitude as the temperature
fluctuations associated with tides which have been observed to

reach around 10 K in the relevant height interval (e.g.
Kirkwood, 1986; Hansen and Hoppe, 1996; Chilson et al.,
1997; H. Nilsson, unpublisheddata, 1997).
From the seasonaldecay of PMSE in 1997 (see Kirkwood et
al, 1998)we know that an increase of average mesopausetemperatureby about 10 K corresponds
to about a 50% drop in the
daily occurrence of PMSE. Proportionally, 1-2K amplitude
planetarywaves would then be expectedto give 5-10% ampli-
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This is close to what we observe.

The high variability of the PMSE betweendays 200 and 210
however, is clearly not correlatedto 'wave' activity and must
have some other explanation. It should be noted here that the
'wave' amplitudesseen in our analysis at 68ø N between days
150-220 are not consistent in phase with those at the same
time at mid-latitudes(they also belong to separated'islands' of
enhanced'wave' amplitudein Figure 3a). It may be that these
are not true planetarywavesin which casewe cannot be at all
sure whether they are representativeof. waves at PMSE heights.
In the UKMO analyses,winds are derived from the temperature fields so there are 5-day planetary wave signaturesin the
horizontal wind fields correspondingto those in the temperatures.During the PMSE seasonat the 1 mb level they are -0.40.8 m/s. Freely propagating up to the mesopausethese would
reach4-8 m/s. This is much smallerthan the tidal wind amplitudes,which are 30-40 m/s. The very uneven data availability
from ESRAD (mesopausewinds can be measuredonly when
PMSE is present)make even the tidal winds difficult to distinguish in the spectrain Figure 2. So we would not expect to be
able to detect the planetary waves in these spectra.

Figure 4. a) Timeseriesof dailyPMSEoccurrence
measuredConclusions
by ESRAD,solidline corresponds
to measurements
with 150
m originalradarresolution,dashed
line to 600m. Occurrence We find distinct variationsin PMSE occurrencewith periods
is defined as SNR > -10 riB, and is based on one-hour average

between 4-6 days. At the beginning and end of the PMSE

SNR overthe heightinterval 84-86 km; b) as a) but filtered
with 4-6 daybandpassfilter, c) temperature
variation associ- season, these are closely anti correlated with temperature
atedwith 5-dayplanetarywavesat 1 mb level for the location variations associatedwith 5-day planetary waves at the 1 mb
of the radar(solid line) and-1 x the filtered PMSE variation pressurelevel. Propagating freely up to the mesopause,these
planetary wave amplitudesshouldreach 1-2 K. This is found,
(dashedline, the inverseof the dashedcurvein b).
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by comparisonwith the seasonaldecayof PMSE as the tem- Espy,P., J. Stegman,andG. Witt, Interannualvariationsof the quasi-16day oscillationin the polar summer mesospherictemperature,J.
peraturerises at the end of the summer,to be sufficientto
Geophys.Res. 102, 1983-1990,1997.
explain the observed5-10% amplitudefluctuationin PMSE Hansen,G., andU.P. Hoppe,Investigationof the upper mesospheredydaily occurrence.

namicsunderlate polar summerconditionsby EISCAT and lidar, J.
Atmos.Terr. Phys.58, 317-335, 1996.
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