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UMMARY
(@ )

2B

el

Title

Investigation for the climatology pattern and spatiotemporal variation of

Antarctic stratospheric ozone.

Il. Purpose and Necessity of R&D

We would find the spatiotemporal distribution of Antarctic stratospheric
ozone using various measurements and examine the relationship with other
meteorological / environmental factors. Since it has been well known that
the change of stratospheric ozone strongly influence to the atmospheric
circulation and variability in the southern hemisphere, our findings in this
project will be very useful to analyze the potential relationship or feedback
process between the stratospheric ozone and climate change.

Ill. Contents and Extent of R&D

- Installation of measurement platform using the Brewer spectrophotometer
at the King Sejong and Jang Bogo station in Antarctica. The analysis of
obtained ozone data from these Brewer spectrophotometer and additional
ozonesonde observations to figure out the consistency/difference of
stratospheric ozone pattern between West and East Antarctic regions.

- Analysis about the relationship between the satellite-measured ozone and
meteorological factors from the reanalysis dataset (air temperature,
potential vorticity, and wind speed). Examination if there is a
spatiotemporal difference of relationship between ozone and meteorological
factors.

- Climatological patterns of other atmospheric components related to the

ozone chemistry in Antarctic and Southern Hemispheric regions.

IV. R&D Results

- Simultaneous total ozone measurements between the King Sejong and

Jang Bogo station are newly started using the Brewer spectrophotometer.



Inter-comparison between ground-based and satellite ozone measurements.
Diagnosis of long-term variation of stratospheric ozone based on the
various time-series analysis. Investigation of vertical ozone and temperature

profile using the ozonesonde observations at the Jang Bogo station.

- Vertical different ozone-meteorology relationship is found based on the
relationship of total ozone to the air temperature, potential vorticity, and
wind speed: roughly among tropopause, lower stratosphere, and upper

stratosphere.

- Climatological distributions and long-term variations of aerosol optical
depth, carbon monoxide, nitrogen oxides, and formaldehyde are found.

V. Application Plans of R&D Results

We would apply our finding to the investigation of relationship between
the stratospheric ozone variation and Southern Annular Mode(SAM) or
Antarctic sea ice concentration, which is significantly believed for the
better understanding of climate change in the Southern Hemisphere.
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Mean total ozone column(direct sun) for 1999-2018 at Sejong
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FAA YeElys ASdE & 3y A4S vt A AFEd A polar vortex
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<Antarctica_SEAICE_CCT & Jangbego Ozone Correlation gt DECEMBER(2012+2018)>
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<Antarctico _SEAICE_CCT & KING_Sejong Ozene Correlation at JANUARY(2013+2019)>
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<Aﬂtorctwcu_SEA_ICF_CCT &'. dungbogo Ozone Correlation ot JANUARY(ZD1320149)>
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<Antarctica_SEAICE_CCT & KING_Sejong Ozene Correlation at FEBRUARY(20132018)>
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<Antarctica_SEAICE_CCT & Jangbogo Ozeone Correlation at FEBRUARY(2013-2019)>
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Gkt SRR A A AEe e 5 dAeE g v
=9 2F=Z & (McKenzie et al, 2001; Nazaryan et al, 2008) & &
Z1tH(Zhang et al, 2005). sFAIWF S-S o] &3t outlierd] FFS A ASHH

=
|

flo
™
il
hal
1t
)

GEAQ A FHE FTEL ALT 5 Ak oF 3} FuTe F9

AOD, CO, NO, 3 HCHO® 7] W& vzl s 2005958 2016'd 714
Aol A4S F3 T 74 A tx 9 @S AMEste] ERE=E ALEHA
drkd oz 7] oojzE P wEF VA WEde AHdA WEo Xy
deseasonalizations Faate] olejd WeAdS AASIATE fdA T3 9 FU
el AAEEEEH 9 A anomaly A Al Gl Weatherhead et al.
(1998)ell AAl| W ES AEsto] ofgfel o] EE EMS STt (De

Meij et al., 2012; Hsu et al., 2012).

WA Folxl HlolHE Agstel e Ay EdE BUS PAd

Y,=p+wX, +N,t=1,- T

oA7IM Y= oloj2E B v = 7IAY AAIE o]l ue offset FolH, o AE
EWE (year Dol® Xi= AlZrelth t7h v @& YehlERZ Xii= t/122 ot
A2 & Ni&= noise 3olH A AYG 2 fitting A9 residuals YeERTE ddbA o
2 7174 249+ autoregression® EAo] dormz 1/¥e lagE VA=

autoregressive 295 714 3t} noise &2 olge} o] AAtald ).
N, =N, +¢
o714 ¢+ autoregression Al5¢]il g+ random noise©| t}.

A e Foll AN Y EANE= o7F folvdA B fle) Edl=e] &84

3 (ow)= otelel 2ol ALtakiit.

s
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714 onS noised] T Aol ne A AP F Fo|th Ed=) Go
A= 9] B diE A9 Ed= 71E719 ] (lo/o,)E AR o]
Zrol 196 Wow 95%9] 9 FEAA o Edsst fojustn, 1652 dod
90%°] o FEolA o] EdE=TL sorel 5 glon] B s]Eo
X 9] z-scores Wttt (Hsu et al., 2012).

o] FAES ol&ste] AEE AALEY A Ed= E3 ALle ot AdHE

AAL L 2 Alde dAgd €l TS AAdER FA4EYT (Hsu et al, 2012).
W

o
=)
rot
s,
lo
it
r,

& 9] temporal resolution®] T UTFA| FO =2 Student's t-testE A&
sto] EdE=o] FoAlS AT p-valuer regression mean squared error©l
3t residual mean squared error®] H]&E Ao H:= F-ratioZFE AAFS 4+ 9

] 7] 0

Ao p ghol 0.05 vivtd W 95% AF FEoA EJ=TE Fongh Ao

e
mo
=

a9 428 A AFF 24 94 welud B8 A4 J17 S48 A0DwS o

Aol =3 7hs (MAM, 3-5€9)3 A+ (JJA, 6-89)d 2 AOD 93 e] £

S &3 4 it} olxEFle|A AODE HuYg2 9€d el o= ofig]s}
o A mlo]lomjA AxVE HYR YElUE Al7]9F A Agtt (Das et al. 2017). Aol
weg7te] 93 Bys olxzE vkt 22 HE S 7HA|Y, wlol v~ 47 AODA

FEFS 7NA F Ass HEdth 5579 A7 AOD= A Ao = vlo]emjs dAAi
of oJgk el 7] wEel o diFel el 1 Fhol BA dEdn tiAl o
2] AOD 9zt Ws (17 2002 dustd] 9&FE o
th 9-11€9) =4 YeElYE 359 AOD:= A3 (Prospero et al., 2002)] A
HiE 9-10€] AAsiA 12-2€9e] Hdi Aol =gstil 59 Eu= SF dust
storm® dAW-s HEH 2o 20199 7HSHE Edeh S Ao AbE WAoo

==
T
H el Wi oz AR 5

o H1 57 AL AzEuy o ARt o tha waE f i oA &)
@rh 5% Aol wlolouls Aie) dust YA T X 94 e Fdo
dojzze] s Wt Fe BF F7h ATE AN F dE FUEE 8
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I 4-2. 99 30-60° A oA MODIS oo 2%
Ao Mo 2005 HE 2016 7HA ¢ #=3 =
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NCEP/NCAR Reanalysis
850mb Vector Wind (m/s) Composite Mean

NOAA/ESRL Physu:ul Sciences Division

Mar to May: 2005 to 2016 Jun to Aug: 2005 to 2016

19 4-3. 2005 B 20168 7bA o] 7IRE Eob E = Aol A 850hPa AL &=l A €]
3-5

A Bt abgbd (a) 9-114, (b) 12-2€, (o) 3-5€, (d) 6-8¥

A wet 19% A Jol A YElE AODS HE HHS FE S Ao
A YdetvE WE g X stt (Mao et al. 2014; Mehta et al. 2016). ©] 25§
THE dojmFo] FFEo] AR AY7A FFS A= Aow A4S F
ALE FrHH o R s gelA THHEE AOD SV WY T 53 JUAY
(22.5°W-22.5°E, 45°S-55°S)oll A AE+= HH2 59 AOD #v+ F7hsh7 =
sl (29 20). o] A9 ¥ AODE 3 migd (2™ 4-3)9 o8 A LAt
A sh = H A —f—ﬂk‘— Aoz BRIttt (Kishcha et al, 2009; Wilson et al.,, 2010).
T 7Y < (Kishcha et al. 2009)% 2 9% = o] H|3] AUy #
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27t Ao ez Frjeo] olo] o3k 9ol JegFoz Bt} (Mao et al. 2014).

Carbon Monoxide Total Column [x10'®molec.cm]

g TI————= TR
180 180 180

a8 4-4. 99 30-60° AdeA MOPITT CO 7|1F % (49: 10%
molecule.cm 99| 71 F82 Hit, 7t Aol A 2005WF-H 2016744 9] #H33k

F FFEe v,
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At oz COo Fo WAYLE 314 dAg Aio o3 vjZFolA]vF (Holloway
et al,, 2000), F¥tgol A COw= F= nfojemz~ AAR <laf wiEdth. weka CO
TET T2 fire countet #HAE] k. CO= tiFHAA <F 1714 ¢] 7 lifetime
= 7FA 3 (Wang et al, 1997) o5 o|&3dte] &7 A= 55 EUEHAD & 3
o} wekA, CO 7IFE%e] 71984 Hi (19 4-4)5 &3 ofzgsh =5 9 o
ofWg]7kell 4 CO9l F8 MiEdS BAT F vk of=Z el 7t9} dop gl 719 njo]
ez A AYoA CO &7l EobA7] ol SON 3 JJACl Hol= tiH9
=2 CO s&5%& 71719 &3t nlo]oujx~ A4 #A#e] v} (Edwards et al.,
2006; Torres et al., 2010). &5 # 9] W&+ vlo]wlx~ A4 (Das et al,
20179k TAl A oA el A dAm A7t BF EFEQ7] wie] (Lamarque
et al., 2010; Té et al., 2016) 19 229} 2 IS Hole Ao= A7ZHETE CO
= R dE5Y wiEdolA 7IQlshr] wiEel olmHE ARt "HoldaE FA

o] =L

CO v&7t #5

rl

S
NO;= dRbd oz & o 2 i 22 AfAQ MEddA wEH=
Beirle et al., 2003; McDonald et al.,, 2012). w&tA NO.|] A&7t
xS BA A9 di7] 2 ALE EYUHA st o] 88 & vk 17 239
Al OMI H7# NOy°o| 7]$3t4 S gelst 4 gty CO¢t fFAEHA di7d
= ofzEh, etz H 5F T FAE dF A =4 dedE
d, o= =A] ARk oyt nlojemj s AL A E NOy7F wiEH 7] wZolth
(Beirle et al., 2003). ¥ 4-5°14 NO.¢ HUHAGL SFolX = Azol, of=zel 7%}
wolu g 7t A= AE o] wel TAsE S g F i, ol APAF
o] A¥etw Ax st} (van der et al, 2008). F7FA o0& Wukgo A JJAO] =
NO; #< 2 & e, 3/ HE FoAME 53 &F (>4.0x10" molecules/cm?) ol
A FobwlElgl (>25-3.0x10"  molecules/cm®)  ® o}ZE]g} (>3.0-35x10"

molecules/cm?) ol Al B =4 YeERGTH NOw7F 19 AE9 &E lifetimes zra 9l

i)
oft
~
i
g

_lZi

==

+ (Beirle et al, 2003)d %= &3t Yel= wlE9 Ag FoA 9 E& NO,
= NOF #i&9 AdoziE +5d F ASs gu gt 4t e g NOo +
%2 peroxyacetyl nitrates(PAN)¥} & reservoir®] HEeje] & 2ol 2% 7|43}
of wel NO, #H8717F th& 38t #-§7]ol o= A& A, Ed¥=Ad weh 1
HE 7 gl Zk (Liu et al, 2003; Zhu et al, 2017). 4] A AqA A==
srolA = NOxol e A9 F2o A e AAAS NO, w9l sl
= 9n gt
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Nitrogen Dioxide Tropospheric column [x10'molec.cm?]

a9 4-5. 99l 30-60° A9
molecule.cm %) 9] 713 8k4 . zF Ao Ae 20059 2016 7kA 8] B3t

< sdaes v

ol OMI NO, WFd 71F % (49 104
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Formaldehyde Troposphéric Column [x10"®molec.cm?]

a8 4-6. 99 30-60° A HeA OMI HCHO tHA 71F % (&9 10°
molecule.cm %) o] 71582 Hor, 7z FAo Ao 2005WHE 2016 7FA 9] B3k

< sdaes v

OMI tj7## HCHO 71F5 59| 7158t e 19 4694 2 5 ek o

WA o2 HCHO: CH, % 718 wabrae 28wy AAE 7] oo (Wagner
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et al., 2002; Palmer et al., 2006) AF9, vlo]uj2~ A% A &4 9 & FHo]
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g 4-12004 ekt S HukA Rl AODZE Aol A#glel FrksteE F
ME Holy o= MaygAor dAstt; (De Meij et al., 2012; Hsu et al., 2012).
a9 4-109] AALDelA 2015-20161 9] Calbuco 8hibe]l Zwka <lsk AOD ¥ AE
gl & i, ol A% AE7F AAAR] S Ed=el 79 7hsAdel 3l
vt mEbA FrhA o R s A AALS EA e 23 Calbuco sHab 913
g Aol 1% 4-11¢14 2015-201610¢] AODZF th& 7|ztel] & F=HAA =
A e A ekt o= EHb Al AR HiEAH 9= AOD W3t Ed
E7b 7F A 9e] AOD W3 EdEE giad 5 gles ARSI mebA 7 A9
2 oFougt EdEs Holx 3o dis] FrH o EAEtt 1% 4-3014 4
Bhutd 3 v o s Qldte] 2 AODZF #5% %W SON, DJF 7]3ke] HohM &
bouErs e mekA ol FE5e FUFE Q1% Y

%7F (Kishcha et al, 2009)2 F&3% 4 Q7] o] &¥&E H7] 93
850hPa £ Ed=Z A8 09 4-13014 Mol dY Ao i Zrp=
HoZo| A ubghe] o3k s S 3 AODE FHAIZE Zo= Bl

JJA°l Mehta et al. (2016)3 %ol &= s FHF Hduke Zx AOD S7F E

A7l ety a ol F 4-104 % &eld 5= gl

ol gt F7F EdEx Fo g thF9 AOD7F meridional %&Fe +5& &30
S S dAEY Al 3-A A e EH v)dFe AuAdS B R
AAA F2dA 45A 3719 did 3717 Y F e AX T dS5S Fels)

Aok AA A& Aol mEW AFA LY Al g 3 IE(SAM) ¥HE
oGS mAM o] SAMO 914 Wstel wel meridional % HE= AA=H
T A oz d#A 9t} (Thompson et al, 2011). 5, ASde L= W o
el Gkt SR HlEE = EEdE, 59 EH7] o TEAIZF] WA =S
A1 Z2A Yehde Oﬂoii*ol Fo2 ¢ fel # & A= AA7F AA
g 5 dv= Aotk 20199 25 4 -4 AR E nHaBmekS W (AFE AT
2tsto] wE A dA fo] FUIslER doR2E wEY T ddE. o
Hoodqto A Zroldl AOD F7F EdE9te tAa AdEs Ay vhef o] uf A5HA
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& A$-&5 Jebd
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Aerosol optical depth linear trend (year™)
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Carbon Monoxide Total Column trend [x10'®molec.cm?/year]
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Carbon monoxide linear trend (10'® molec.cm ?year ')
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Nitrogen Dioxide Tropospheric Column trend [x10"molec.cm?/year]
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Nitrogen dioxide linear trend (104 molec.cm ?year})
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Formaldehyde Tropospheric Column trend [x10'*molec.cm?/year]
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Formaldehyde linear trend (10° molec.cm ?year})
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Mean and STDDEV of Monthly AOD in Jangbogo Station
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Mean and STDDEV of Monthly CO in Jangbogo Station
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A6 & AN =T el g R

ola) ¥ S (eg., Solomon et al., 2016; Chipperfield
et al., 2017, Kuttippurath and Nair, 2017, Kuttipurath et al., 2018).

- 20199 10¥ NASAMAE P= &= A7|7F 9d HAXE BYgvta @i
(https://www.nasa.gov/feature/goddard/2019/2019-0zone-hole—is—the-smallest—on—r

ecord-since-its—discovery)

= Aol A sheshet
Zbebs FAlCl vk A AAE ASEiA x5 (el Rigby

g ATd el ofds A3 eEFe Fa FAVE dErda 9lo] 2 €9l
Fud Fart da (Bal et al, 2018). 54 252 &A= vt H = B0l
71 witol vig- T osHAl Ay Eotol & BEow oA,

of Azt o] HFS Oixdﬁ] Z A glo]l mAdE 3 Foldt 3d A= Eﬁ 3 &4
¢l #Zo] o] FoAH FetA 3 P e® 20d WE ARE A He #HA
£ o]FA 2 74, o] ACE-FTS #A=7F HZ dHlolE ¥ o] version 42 775
N o] Az= A wiE AR7F AlEAE HolE = AJA" R Hhy oA A}
g0 AN VA @ Ao vty (https://databace.scisat.ca/level2)).
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