
R l i hi f P l M h i S E h d O i iddl dRelationship of Polar Mesospheric Summer Echoes and Ozone in middle andRelationship of Polar Mesospheric Summer Echoes and Ozone in middle andRelationship of Polar Mesospheric Summer Echoes and Ozone in middle and 
t hupper atmosphereupper atmospherepp p

1T f i D i i 1P i k J h E 2K i k H k1Teferi Demissie, 1Patrick Joseph Espy, 2Keisuke HosokawaTeferi Demissie, Patrick Joseph Espy, Keisuke Hosokawa
1Department of Physics Norwegian University of Science and Technology Trondheim Norway 2Department of Information and Communication1Department of Physics, Norwegian University of Science and Technology, Trondheim, Norway, 2Department of Information and Communication 

Engineering the University of Electro-Communications Tokyo JapanEngineering, the University of Electro-Communications, Tokyo, Japan

R l ti hi f T t d O i i t 2009 t A t tiABSTRACT Relationship of Temperature and Ozone in winter 2009 at Antarctica Relationship of PMSE and Ozone in Summer 2009 at AntarcticaABSTRACT p p Relationship of PMSE and Ozone in Summer 2009 at Antarctica

Th l ti hi b t O i th t h d l tThe relationship between Ozone in the upper atmosphere and planetary-p pp p p y
wave induced perturbations in Polar Mesospheric Summer Echoes (PMSE)wave induced perturbations in Polar Mesospheric Summer Echoes (PMSE) Planetary waves of
is examined Ground based radiometer measurements of Ozone mixing ratio

Planetary waves of 
b t 16 dis examined. Ground based radiometer measurements of Ozone mixing ratio

fil T ll i (72 S 2 E) i A i d i h PMSE
about 16 days are Planetary waves ofprofiles at Troll station (72oS, 2oE) in Antarctica are compared with PMSE

y
observed in both the

Planetary waves of p o es at o stat o ( S, ) ta ct ca a e co pa ed t S
extracted from near range measurements of the Sanae Super Dual Aural

observed in both the less than ten daysextracted from near range measurements of the Sanae Super Dual Aural mesopause
less than ten days 

b d iRadar (SuperDARN) over the radiometer field of view The the variation of
mesopause are observed in Radar (SuperDARN) over the radiometer field of view. The the variation of temperature and both the PMSEOzone with the changes in temperature are discussed, and the covariance -temperature and 
Ozone mixing ratio

both the PMSE Ozone with the changes in temperature are discussed, and the covariance
f th f f f PMSE d O i i ti

Ozone mixing ratio and Ozone mixingof the frequency of occurrence of PMSE and Ozone mixing ratio are
g

profile
and Ozone mixing 

ti d t t ll
q y g

presented The quasi periodic fluctuations in Ozone are correlated with
profile. ratio data at all  presented. The quasi-periodic fluctuations in Ozone are correlated with
Th 16 d PW levelsthose in the PMSE, and temperature variations are the cause. Thus, ozone The 16 day PW are levels. those in the PMSE, and temperature variations are the cause. Thus, ozone

i ti b d t h t i th l t l th t h
y

clearly definedvariations can be used to characterize the planetary-scale waves that reach clearly defined p y
the mesosphere during the summer and modulate PMSE throughout the ozonethe mesosphere during the summer and modulate PMSE. throughout the ozone 

and in the mesopauseand in the mesopause 
temperatureDATA AND METHODOLOGY temperature. DATA AND METHODOLOGY

PMSE extracted from the Super Dual Auroral Radar Network (SuperDARN)PMSE extracted from the Super Dual Auroral Radar Network (SuperDARN)
d t t S t ti i A t ti i th l ith d l d bdata at Sanae station in Antarctica using the algorithm developed byg g p y
Hosokowa et al (2005) are used to assess the distribution and occurrence ofHosokowa et al (2005) are used to assess the distribution and occurrence of
ice crystals in the mesosphere during the Antarctic summer Daily midnightice crystals in the mesosphere during the Antarctic summer. Daily midnight

f O f Phase coherentmeasurements of Ozone mixing ratio obtained from the British Antarctic Phase coherent 
ill ti i thmeasurements of Ozone mixing ratio obtained from the British Antarctic

Survey (BAS) microwave radiometer located at Troll station (72°S 2°E) oscillations in the Survey (BAS) microwave radiometer located at Troll station (72°S, 2°E) Ozone and theprovide ozone profiles from 30 to 80 km under the radar These are Ozone and the provide ozone profiles from 30 to 80 km under the radar. These are temperature occur at PMSE waves due
compared with the PMSE during summer, and during the winter they are temperature occur at 

i d 16 d
PMSE waves due 
t t tcompared with the PMSE during summer, and during the winter they are

d ith i htl d t t th i f d periods near 16 days. to temperature 
compared with nightly averaged temperatures near the mesopause inferred pe ods ea 6 days p

fluctuation alsop g y g p p
from hydroxyl night glow measurement at Rothera (68S 68W)

fluctuation also 
from hydroxyl night glow measurement at Rothera (68S,68W). show up as waves
Th L b S l i di i d fi d h i ifi l

show up as waves 
i OThe Lomb-Scargle periodiogram is used to find the significant seasonal in Ozonee o b Sca g e pe od og a s used to d t e s g ca t seaso a

harmonics in the temperature Ozone and PMSE data A Levenbergharmonics in the temperature, Ozone and PMSE data. A Levenberg-
Marquardt method was used to find the best fit of the seasonal harmonicsMarquardt method was used to find the best fit of the seasonal harmonics
and the effect of the solar cycle, and these were removed from the data. Aand the effect of the solar cycle, and these were removed from the data. A
L b S l i d d t id tif i di fl t ti i thLomb-Scargle periodogram was used to identify periodic fluctuations in theg p g y p
residual data at periods commensurate with planetary waves A crossresidual data at periods commensurate with planetary waves. A cross
covariance analysis was performed to examine the correlation betweencovariance analysis was performed to examine the correlation between

i t ti h i t t d O d b t thwintertime mesospheric temperature and Ozone, and between thep p ,
summertime PMSE and Ozone C i f T t d O i i t 2009 A t ti C i f PMSE d O i S 2009 A t tisummertime PMSE and Ozone. Cross covariance of Temperature and Ozone in winter 2009  Antarctica Cross covariance of PMSE and Ozone in Summer 2009  Antarcticap

At l th-At zero lag, the g,
cross covariance iscross covariance is 
positive at higherpositive at higher 

ltit d b 50 k A phase shiftaltitude above 50 km, -A phase shift ,
indicating that the due to zonalindicating that the due to zonal 
temperature is wind maximatemperature is wind maxima 

d 65 kcorrelated with the around 65 km correlated with the 
Ozone as reported byOzone. as reported by 

Hibbins 2005
- The phase shifts

Hibbins 2005
The phase shifts 

d t l i ddue to zonal wind 
maxima observed asmaxima observed as 
reported by Hibbinsreported by Hibbins 
20052005005

PW of about 16 18-PW of about 16-18 
days are evidentdays are evident.  
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