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Summary

We have analyzed the response of solar activity and long-term trends of
Arctic mesopause temperature at Kiruna (67°N. 21°E), using data measured by
Fourier Transform Spectroscopy (FTS) during a period of Nov. 2003 - Feb. 2014.
The measured temperature near the measopause showed the lowest temperature
in January and signals of sudden stratospheric warming (SSW). The solar
responses are estimated to be 5.0+1.5 K/100SFU. After removing the solar
responses, the long-term trends are found to be -2.6+1.5 K/decade over
Kiruna. Our results indicate significant cooling trend and solar response at thigh
latitudes than low latitudes.

Meteor radar data measured at Kiruna Esrange were obtained from Bath
University to study the long term change in the mesospheric temperatures. We
establish the temperature estimation method obtained from the meteor radar
and the mesospheric long-term trends of the Southern and Northern polar
regions by comparing long-term observation with the Antarctic King Sejong
Station (KSS) meteor radar.

In addition, we studied the physical characteristics of the meteoroid
entering the Earth’ atmosphere using simulations. As a result, it was confirmed
that seasonal changes in atmospheric density have a great effect on the
altitude of meteor observations.
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Ofo72 AL FLe Wol ol wEAIE YD, o s $UsIL of

I,(x) = 2a*[1 +cos(8)] = I,,[1+ cos (2moy)] (1.10)
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L' (o) = /DO I (x)cos (2moy )do (1.13)

— 0O

Meinel band®] ¥&M A|7|& st 1 )
Astth. Kiruna FTSOA] OH $1A 2% =X o= Meinel OH(3-1) P, &A1 E50] ALLE]
2it}t. Meinel OH(3-1) P, ¥&AE9 EHE2 & 1.19] Q9F
9).

I 1.1 OH(3-1) P-branch ®¥&A (Won et al., 1999).

FTSE ol&¢h OH ti7]3d #HA= oA ¥ A 24
= oF
= [e)

Il
)
)
L
=
O

=}

o
3
©
(<o)

wavenumber peak upper rotational total upper
(em™) identification state angular momentum
6561.5 P1(2) 1 L5
6522.3 P1(3) 2 2.5
(480.3 Pi(4) 3 3.5
6435.2 P4(5) 4 4.5

2.2 Sloan Digital Sky Survey (SDSS)

Sloan Digital Sky Survey(SDSS)&= Zt& AA| 59| o]u|x|et ATEHS =XSHO
22X 29| 3D A tr=7] st 2R EO|T) SDSSE O]= New Mexico £9] Apac
he Point Observatory(APO, 32°N 105°W)o]lA] 2.5m YLAE AJL3510] 20009 4Lof] &2

A0l 452 AAtstect. SDSS AmMES o] ZRAE ofsto] ZH k.

S|
o)

gok

SR oo m

SDSSE AmES 97] 9ste] ARulE AW(Plate)nt A (Light fiber)S2
olgalth. ol olTolAlL WS thed 2tk WA BE ASS MW T, Awo|
U5 QP9 AR wao] PYS WLh 1 5 2 Pyl el BHees Al
of chozHEl YEEol YA WS WA|7|(detector)7Hr] AL E3t SDSS AME
Y 5L A AAE BRI B0z 2E9onR, FRo] 2PHL BE 3571
chf 59 olst2 Ko =& Aol Athos A7 et 540l gt



= 1.2 SDSS £3%7]9] =211 Z2o]E (Plugplate).
(AFR1&A]: http://classic.sdss.org/gallery/gal_photos.html)

2

Focal plane

2]
o

a2 1.3 BOSS &£37].
(AFX1&A]: http://www.sdss3.org/instruments/boss_spectrograph.php)



20008 58 2008\7tA]e] AmEZH =X o AFEE SDSS-1 /10 2347](Spectrogr
aph)o] Al&€l LAloo] X7 ofF 37 oo}, E5 A5t AmE npAlo] WOl 3800
A-9200A7tx]0| 1 & the] BPVIS FAlo ALR3}o] o5 g A 64071 thiA
o amEdE 98 4 Atk AR BE A A9 W ol RAle) FEE Y 57
of = |2 & ot 28z ol vy tir|9 dFS AlAsH] flstd ¥E o
otch A 3270 olAte] v d o] AHWEHS Attt ® 1.2 SDSSe} SDSS-1/1
Bi7]of] &gt Aol ¢ AN B Stoughton et al. (2002)0f|4 €& £ ot

rOl‘
=
_l9

J

Jl

I 1.2 SDSS I/0 B347]9 AQk.
(ZA]: http://classic.sdss.org/dr7/instruments/spectrographs/index.html)

Spectrograph parameters

CCDs 4, 2048 x 2048, SITe/Tektronix, 49.2mm sguare

Channels 3800-6150A (blue), 5800-8200A (red)

Number of fibers 320 x 2

Fiber diameter 3

Wa_velength Hg, Cd, and Ne arc lamps, rms error of 0.07 pixels (10 km/s)

calibration

[Flat field quartz lamps

Flux calibration Standard stars in each field, tied to colors cbserved with the imaging camera
Pixel size 69 km/s

Spectral resolution[ranges from 1850 to 2200

Exposures are taken until the cumulative mean SIN per pixel exceeds 4 for a fiducial fiber magnitude of g = 20.2 and i = 19.€, typically 3 exposures of 15 minutes each
under gocd conditions.

Integration time

20099 XE 201197A]= Baryon Oscillation Spectroscopic Survey(BOSS) I
SEMETE 2=, o] ZRAE 238 7|2 591 20099 {50l SDSS spectrographof
M=2& 39 0]8(Grating), CCD 28] FA{ESS A= Aol 48wtk 7 At
Al 57 7hset AHE-YY 4T 1000702 S7tskdth. olZE A F1efol= & BOSS
B27) SDSS-1/1 Hu7|oh SUg S WAIS ARSI, W90 Aol 3 oA
2°2 Aastgion &£4st= AdMEH oAt H% 3600A-10400A 02 &AtgjQict I8
sl viE o7l AHMEYO Ik F7hsto] of 707K oo wid AHERHS A|l5d.
I 1.3& BOSS E3%7]of] st AHo|il ¢ K}l\ﬂé_} AHE= Aihara et al. (2011)0]] &=
of 9ltt.

I 1.3 BOSS E337]9] ARSF.
(&A]: http://www.sdss3.org/instruments/boss_spectrograph.php)

Main Parameter Summary

Number of spectrographs 2
Spectral resolution  1560-2270 in the blue channel, 1850-2650 in the red channel
Wavelength coverage 3600-10,400 Angstroms
Fiber diameter 2 arcsec

CCDs  4Kx4K fully-depleted LBNL CCDs with 15 micron pixels for the red side, blue-
sensitive 4Kx4K e2V CCDs with 15 micron pixels for the blue side

Collimator coating reflectivity >95% from 420 nm to 1000 nm



2.3 Microwave Limb Sounder (MLS)

Microwave Limb Sounder(MLS)+= NASA®] Aura /ol EA1E ©ARiAo|tt A
ura 914 20041 74 15%0] WAEIQIT e o) 89 13QME BEL AAstAch Au
ra 9739 A= FAr2 oF 98%o|t}t. d=jmg ko A|pE o 1481 Fr gt
E35F Bl =7] =2 P % (Sun-synchronous polar orbit)2 7}A|H| 1 %= oF 705kmo]C}.
MLS= A7t th7]19] 7HgAt2| oA tto]3zaf g9 4 ¥ES 45t th7] Soll &4
st OH, Bro, @& 59 ti] 74 4¥at 2=, ¢ 121 48 YAbsol zao(Pp

rofile)& A5t}

EOS Aura Atmospheric Profile Measurements

OMI also measures UVB flux, cloud top/t , and coll of 0;, NO,, BrO, aerosol and volcanic SO,
TES also measures several additional *special products’ such as CIONO,, CF,Cl,, CFCl;, N,O and volcanic SO,

HIRDLS: High Resolution Dynamics Limb Sounder I MLS: Microwave Limb Sounder
l OMI: Ozone Monitoring Instrument TES: Tropospheric Emission Spectrometer
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3.1 FTS A& &4

Kiruna(67.90°N, 21.10°E) A|ojlx &8sl1 Q= ZX|ALA FTSE 1lpym-1.7p
oA oA 2T =S UEY = InGaAs(Indium Gallium Arsenide) ARlM AE7]
AHAFSE Bomem AFQ] Opo]AL THIA S AFRSIHTHe.g. Won et al., 2001). ESF 1, 2,
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st 2 9lom 5000-10,000
THe.g. Won et al., 2004).
1 o, A7 Ugeg o|F

OH t1g AEY S doe Tm Al Ee ol
: ch. 223 o 3y

— =
SOt 2 50709 (MRS wof sfife] AMEHS o
o2 8 JAelA A4 OH t7lg B5e A Kot
WRE 201497bA] o 119-2%0] 589 Kiruna A% 339 255 5 54 QA
Bre] 5%} UA| o ARSE AFSIELL.

® 1.4 FTS §58 A& 4.

A TEs A
2003 30
2004 95
2005 99
2006 61
2007 39
2008 52
2009 68
2010 59
2011 80
2012 71
2013 60
= 723

3.2 SDSS AtE B4

SDSS+ oF 71He] ohefeh &
BRI}, SDSS AMEYS] 27 e Holrt, 2t o
SSOW Agste AMEdos 549 thiyel BR(class)7t GAlgo] Yt fele &
Hol A BRI} sky 9 MASS ATt L& A4t Arg WEH S SDSS 2
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I 1.5 OH(8-3) P-branch ®¥&=A.

. Total Upper
. Upper Rotational
Central Wavelength Line Angular
State

Momentum
73434 A P, (3) 2 2.5
73705A P (4) 35
7404.6 A P, (5) 4 45

P1(3) Max values P1(4) Max values P1(5) Max values

200 i e 200 200 [
3 A s s
< - — < = — < — -
€ 150 = 150 A € 150 -
3 9 S [
3 3 3 ol
S 100 - . 2 100 |- - S 100 - A .
~ [ o~ r L [
< I < [ < C
S S0 - S sof . 2 sofF ]
x L 4 r-um B-ml N & . e BB N x L
3 L ] =] S5 [
w L, i [V | | [ L
0 A AMAA A AMA ALL | 0 0 LAM | AMA A A AAMM , Ah]
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
No. of sky fiber No. of sky fiber No. of sky fiber
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Esrange Meteor Echo Count [2003-2014]
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78 ol 5oz A= [F4d ABAKE (decay time)2 °F 90 km BI04 FIHA
255 4% 2 A+ Y F shyoltt. Hocking (1999)2 & Al¢tstlct. ti7|2 A1
g 749 AEARREE EgEorE E" fAE U9 ol AR I b
(ambipolar diffusion)2 7PMdst |4 A8 AIXEE 54 Aot 12y &4t o]t &
X 2"AEe] R Tf7]o] L& fdor IS 7/PV2oR A 4 glon, At
g 2% 245 HoliAe 4ol gigk AM KAlS a2 gttt Hocking (1999)= o2
g 4 ZHO BRI} A2 A 1xo] IE R4 ABARE 229 7]g7]et 2=
Al (temperature gradient)S ©]&35t0] 2% F74 Wyl WHS ARSI d=7d =4t
Al 2% Atole] AFARI TAE Ll AITE 4o tight AE+= d7]= A den
2 JEZ AMEshe g4l 1A Al 1xF oAl g it AR =olo gt 4
2 Agsieltt. o] Wyo] g2d, 7] 2=+ g9 f/do] ABEE =o] BoA 1
AF opgAlo] Mt sk Ao P 1A oAl ARSShe A2 R4 =019 Hd
2502 AR5kt stAZE ded sidshe =ololA B+ %9 7]&7]|(temperature
gradient)7} B Qstt}. of2] A-LoA oj2fst WHo g FASH LU} g A4t IF 2%

EA A9} v|w A AX|stcty BT Tt (Singer et el., 2003, 2004: Hocking et al.,
2004, 2007. Holdsworth et al., 2006; Stober et al., 2008, Kim et al., 2012). &AL o]
=0 =H 49 ABARNZ FHAE Ao whelgsteg oi7] 2=eof 4ol e
UERE & ok 28y R7d ABARES 817 7] o7 Waof Hall R4 A= WY &
gfxof dro] 370 F3FS gr=rt= Zio] A At (Ballinger et al., 2008, Singer et
al., 2008: Yonger et al., 2008; Kim et al., 2010). Kim et al. (2010)& S AEHA|Zt
o sorue 2& 340 94E Uo| Zapxut Yo FFS W & ks
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a 2007 3 3 Zeith Angle distribution b 2007 3 3 Electron line density/k distribution
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O3 2.3 20074 39 39 sk F9 WEY a) WAY 94 AW BE (2 HUE 2T o
A, G2 A OF =M), b) fAS AEE 2, o) AEErt W2 259 1o OE A
A7t log inverse B, d) AU rp = 1029 1rof & AHA|TL log inverse I,
a8 2.3v /488 ABE F2o] T2t =2(strong), F(weak) 155 U0
AmE J3olch. 23 23 ak MUESF 22 18w WS 1§09 BRst 94 AG7
oAl o9&t ERdtUs AuE ATE 4 el ol Kim et al. (2012)2F 5Lg
Aupolt). F7E {44 250 T} 1=o] TE AEAIFY log inverse & (LIDT)E
Ao O 2.3 ¢ de 44 Adert B2 259 LIDT 2, A8=rt =2 189
LIDT $2E woj&r ®3t 18 2.3 cde] A A4zt webd AMe 27t neo] o)

2 c
g £mo| 7]27]¢} LIDTO| o&3 2o 71272 Uepdrt. o] @7 (Hocking et
al., 2001 Stober et al., 2008; Kim et al., 2012)0f]A]= 1 kof o]&st B9l 7|&7|&
Zre FAM0] 25 242 std] AdHoR AMAoR §olsith At Bsrange 5
d EoltoMe FLet Autyh ugith. 224 Hocking et al. (2001)o] @t=™ A
"] 7|8 (Statistical Comparison Technique; SCT)2.2 L35t 7]27|(Sqep) S AFE5HA

e xistoz &0 &5 =X &h9rt.

SSCT: (1_(_)2)Sh (21)
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T= S (2T, + = logye (2.2)

&ot9 =g FAFsIAN. T+ 2% dAt:, m 7|9 At A&, ke
olujgit}y. 2= FAteE UERWE T,+ Hocking et al. (2004)9] Fig. 4

Esrange &4 lojt}7} 9JX|3t Kiruna A|8}0] A7F &5 HAz 2 A 8sfo] ZIsHsHY
(22 2.6).
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a2 26 &% AAl: 2@ (Hocking et al., 2004).

4. 84 2o 1E 2x BA

e o7l2 AYstel 1T 70 ~ 110 kmo| F7H A% B2 of7] YAbE of
2 o8] 2WHE V1AL o8] LA Qb Aol 84 ol $4Y AsY}
1 RE AY

T

U MPH 2%9] 1zo]| o= LS T (atmospheric
scale height)e} f/de] AF o] wha} oESH= Zo] Kaiser (1954)9] ZAuto|t}. Lee
et al. (2016)2 8039 11%of 2 BIxofjx AR|YFE(Full Width at Half
Maximum: FWHM)2} Z7HH 429 2 weofo] APHIAE Aofdio] R4 2otz RE Z
1 23 F45hke WHE s AAlsHI T FWHMYE 2=0ko] #Aof ojsf Adrgsh
Lee et al. (2016)0A1+= v of7] 4=} FWHMS] #AS I YA (A (2.3)2
2 AdYsiolch
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S "lust 2ot} Sy 2 £ 2=(mHM)e MLS 2% Ateet FTS 2% AtgBo}
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AIE71A1 77d=llolH(62.22°S, 58.78' W)= 20073 3Eof A o] ARIIHA]
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AENR 4 2lolckel e 17he] $41 QEldet 5749) 241 el S417],
dole] &5 AAsloz THHCh Al 13 2.139 2ol 241 U 23, 2509
Azlol thstel 2502

: RXS5 2.5M = 2A
ok
Tw Rx2

a8 2.13 AIE71Al /78 2lolthe] <tEu viA].

Aot o =2 74 RIS et B4 &9 33.2MHzo| FuppS ARRSITH $417]
+ 12KWO| H3a} Agder B84 Aol 5l B4 vhs Zupp(PRFs)9] 7FA|QF FE9] 8.4%
AHEER AR Fojthe] 4 mtulElS #2.30] YERHTE 2ojt Hloly #52

T 7]9te] 2 5PC("Acquisition” PC)= 4183

1T
= =
A F7l0)M ASHES AYstn BeE LAl NS AWAR AEL 4 9k
d =

24 7|9te] EAPC("Analysis” PC)= = 5PCoA A/d= 0]7Fg do|E(raw data)s
Se7] Y8l YR (internal network)Q = gfojc}o]] AZASELL, AREAPoA] QIE|m|o] A
A-&-stct.

elojche AHFO2 AFSI, 28 5] o) W5 Alo] o)A 550 PEWA A
2 Aejsta A%s)A AL,

_37_



B 2.3 NIEZIA 178 lolto] AREHE o|t} Ahs metu]E. ARS-
XPRF(Hz)xCIx1000 2 AAr=IC}.

E(duty cycle)& EPW(s)

Parmeter Value Units
Carrier  frequency 33.2 MHz
Carrier ~ wavelength 9.04 m
Transmit  power 8 kW
Transmit  polarization Circular
Effective  pulse width (EPW) 47.52 s
7200 m
Pulse  repetition frequency (PRF) 440 Hz
Duty cycle 8.4 %
Receiver  filter width 18.1 kHz

Pulse code type 4-bit complementary

Pulse  shape Gaussian

Range 80-306.8 km
Range  sampling resolution 1.8 km
Range aliasing No

Coherent  integration (CI) 4

Effective  sampling time 0.009 sec
Number  of samples 12650

Acquisition  length 115 sec

H= 241 QL] A7 EQ6HA] eRIetE, ol Aojw Al oL 2A|o]
Al 2 o4 EojA Qlojof gttt Al W Y(linear polarization)of oJgh m2{Ho] s
1} (Faraday rotation effects)& A|ASH 94 AR 88488 S7HA1717] Hdll, 948 =
Z(circular polarized transmission)o] A-8%] ).

BAPCRRE 23 HojE AL 07hE folgs UP metle S A1gstol
MBHALE stoh. BAPCE o Al7to] Ot 28 =] o712 AlA|Y(raw time series) &
w8 ARt dud 4% REAYS AR, 4 0Vt ol 2R H A wAl 24

AeRA RE2 =& {4 Z(angles of arrival)it AJA WA S &

aketol 7} ALY R,

=l
A
[S)

M Mo

r

(radial drift) 452 =5 vl 452 AAshc),

AL =z SHEPC, EA|H|(transceiver), &A17]o]A] A]gj=ict. RF
carrier generation® x7] AAzZo|A, $E5PCE COM2 ZEE =3 E2HAIY U9
a4k 7kl Hbo] 3Vel A&% RF As & A/dsh= °”\*7](synthe31zer)§ HE

EPCo| 9o =& 73h%] "lopd] A= VHF solid state transmitter(STX) U
EEgz o]zt WAxd" HAE AlsE 6719 AEsE FYA7]= PA E2folH ZE
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SSHA HAL, ol ZH7h AIZE o] 4KW ol el melz SEE7] 9ol PA RE=2 HUR
o, okX1gt AR NE71A] /78 eloltts 3PA ZER AFE glon, X 3 Ade] PA
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2.2 X2 B4
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x5t Jones (1997) ol A %34 HES @ sz JHe sty et 94d9] &elo] 30
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Aottt 949 B 25+ oyx] HE wWAAR A (2.12)9] Al7to] g AFHEHS
of A (2.100 A (2.11)2 HYstAl HH A84Y BH 250 st 2LYgA
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2013 100 Meteor temperature count = 13891
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2013 100 Meteor mass count = 13891
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2013 100 Meteor deceleration count = 13891
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2013 DOY : 100 Meteor velocity 2013 DOY : 100 Meteor mass
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Different Mass
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a) Minimum FWHM of mass distributions b) Maximum FWHM of mass distributions
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