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Atmospheric Mercury Depletion Event and Mercury
Photoreduction in Snowpack of Mid-Latitude Coastal Island

Ju Hyeon Lee!, Young Gwang Kim!, Seung Hyeon Lim',
Moonkyoung Cho!, Jiwon Yun!, Sae Yun Kwon'*

Division of Environmental Science and Engineering, POSTECH
“_CREATE, Yonsei University

During the polar springtime, sunlight-induced photo-oxidation of atmospheric
mercury (Hg) via coastal halogen causes substantial atmospheric Hg deposition to
snowpack in the form of oxidized Hg?'. This is known as the Atmospheric Mercury
Depletion Event (AMDE), observed primarily in the Arctic and Antarctic. Only a few
studies have characterized Hg sources and mechanisms driving atmospheric-snowpack
Hg exchange at mid-latitude coastal regions. Here, we measured Hg isotope ratios in
total gaseous Hg (TGM) and snow samples from Mt. Halla, located at a coastal
island of Jeju. Hg isotope ratios of snow samples collected at Mt. Halla were
remarkably consistent (6Hg = 0.02 = 0.02%, A™Hg = -1.07 £ 0.31%, 1 SD) with
snow collected during the AMDE in the Arctic (6Hg = 025 + 042%, A™Hg =
-1.08 + 0.18%, 1 SD) and different from snow affected by reactive surface uptake of
gaseous elemental Hg (Hg") (6"%Hg = -1.27 = 0.22%, A™Hg = -0.14 = 0.14%, 1 SD).
Hg isotope ratios of TGM collected at the same site exhibited a 6*”Hg range of -
233 to -0.80%. This negative §”Hg values in TGM reflect Hg evaded from the
ocean surface, suggesting that our snow samples are likely affected by marine air
masses containing coastal Hg and halogen. We found an increasing trend in Hg
isotope ratios of snow samples (3rd day; §®"Hg = 0.34 + 0.03%, A™Hg = 0.03 = 0.0
2%, 1 SD) over the course of 3-day sampling. The slope of A™Hg/A*™Hg (1.00 +
0.05) in snow samples were also consistent with the experimental slope caused by
aqueous Hg”' photo-reduction. This indicates that there is substantial evasion of
lighter Hg isotopes during snow melting. Our study suggests evidence of the AMDE
at mid-latitude coastal sites, facilitated by the coastal halogen and Hg evaded from
the ocean surface.

Key words: Mercury stable isotope, Atmospheric Mercury Depletion Event, Snowpack
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Updated aerosol wet and dry deposition schemes in the
WRFEF-Chem model

Young-Hee Ryu and Seung—-Ki Min

Division of Environmental Science and Engineering, Pohang University of
Science and Technology (POSTECH)

Wet and dry deposition schemes of aerosols in the WRF-Chem version 4.1.2
are updated based on recent observational findings. In-cloud scavenging
was traditionally thought to be more important in aerosol wet removal than
below-cloud scavenging. However, recent field measurements indicated a
considerable contribution of below-cloud scavenging of 50%—60% to total
wet deposition. On the other hand, the modeled contribution of in-cloud
scavenging 1In the previous version of WRF-Chem was too large
(83%—95%), likely due to the binary representation of cloud fraction.
Therefore, this study adopts a continuous—type cloud fraction and
implements a semi—empirical below-cloud scavenging parameterization. The
new scheme markedly increases (decreases) the contribution of below-cloud
(in—cloud) scavenging to 63%—66% (34%—37%), well capturing the
observational estimates. The magnitude of total wet deposition is increased
by 182% for SOs 7.16% for NO;, and 14.8% for NH, showing better
agreements with observations particularly for SO, and NH,; deposition. The
increased wet removal with the new scheme reduces and better reproduces
surface PMss and PM;y concentrations, which 1s also partly attributed to the
increased contribution of below-cloud scavenging. In the previous
WRF-Chem, dry deposition velocity was too high for coarse mode particles
when friction velocity 1s large, which underestimates surface PMyy
concentration. The updated dry deposition scheme that is constrained by
recent observations effectively improves PM;j, performance by reducing the
dry deposition velocity for coarse mode particles.

Key words: wet deposition, dry deposition, aerosol, WRF-Chem
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Assessment of the Secondary Organic Aerosol Affection on
Northeast Asia using WRF-Chem model and Data

Assimilation

Ganghan Kim', Seunghee Lee', Hyeon-Kuk Kim', Chang-Keun

Song', Seungseok Lee!, and Myong-In Lee!
"Department of Urban Environmental Engineering, UNIST

Northeast Asia is one of the regions that can observe significant long-range transports
of atmospheric chemicals and aerosols. Previous studies are mostly focused on the data
assimilation skills applied to WRF-Chem and introducing the forecast performance of
using assimilation for the atmospheric aerosols. In this study, the sensitivity test for the
different  chemical and aerosol models between MOZART-GOCART  and
RACM -MADE/VBS. For the experiment, the same emission inventories based on
KU-CREATE 2018 have been applied. GOCART scheme is a simple scheme for using
fewer resources, and contains a common build for data assimilation has been prepared.
However, GOCART lacks the secondary organic aerosol (SOA) formation, especially for
the nitrogen oxides. MADE/VBS can cover the SOA formation and species are more
separated by modal than GOCART. Between GOCART and MADE/VBS results, the
major difference of PM.s showed that MADE/VBS can simulate the aerosol
concentration higher than GOCART. For the model, MADE/VBS is more reliable to the
observation than GOCART. For most of the elemental carbons, organic carbons, and sea
salts, MADE/VBS results maintained a higher concentration than GOCART. For the
gaseous precursor chemicals, the higher concentrations are concentrated over the
northeastern part of China for NO., and for SO showed lower concentration than
GOCART. Based on the NO2Z concentrated region, nitrogen compound might be affecting

more the Eastern China, Manchu region, and South Korea.

Key words: 3DVAR Data Assimilation, WRF-Chem, GOCART, MADE/VBS, Secondary Organic
Aerosol

¥ This study was supported by the Basic Science Research Program of the National Research
Foundation of Korea (NRF), funded by the Ministry of Education, Science and Technology
(NRF-2021R1A2C1008210). The model simulations were performed by using the supercomputing
resource of the Korea Meteorological Administration (National Center for Meteorological
Supercomputer).
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Development of the Inverse Modeling System for Aerosol
Emission Based on WRF-Chem and EnKF Data

Assimilation

Seunghee Lee, Myong-In Lee, Ganghan Kim and Hyerin Kim
School of Urban and Environmental Engineering, UNIST, Ulsan

East Asia is a high pollutant region as it has experienced rapid economic growth,
which has increased anthropogenic emissions. Despite the regulation policies
introduced to reduce air pollutant, air pollution is still an important international
agenda that needs to be resolved. There is a growing demand for accurate and
reliable predictions of air quality. To improve air quality prediction performance of
chemical transport model, unlike atmospheric models, it is necessary to improve the
uncertainty of species emission as well as the uncertainty of initial condition. The
aerosol data assimilation is one of the most effective ways of improving aerosol
forecasts skill by updating the chemical initial conditions. The Ensemble Kalman
Filter (EnKF) algorithms is flexible and easy to apply inverse modeling because the
flow—dependent background error covariance generated by short ensemble forecasts.
We developed the inverse modeling system to simultaneously optimize the chemical
initial conditions and source emissions based on an EnKF system coupled to the
Weather Research and Forecasting with Chemistry (WRF-Chem) model. The EnKF
1s optimized by alleviating the sampling problem through a multiphysics approach,
prognostic variable perturbation, inflation, and covariance localization. A set of
Observing system simulation experiment (OSSE) was conducted to evaluated the
performance of this emission inversion system. The results of OSSEs suggest that
the uncertainties in a priori emission can be efficiently reduced by this method and
lead to improvements in the forecasting of air quality.

Key words: Inverse modeling, Top-down emission, Data Assimilation, EnKE,
WREF-Chem, Air quality forecast

¥ This study was supported by the Basic Science Research Program of the National
Research Foundation of Korea (NRF), funded by the Ministry of Education, Science and
Technology (NRF-2021R1A2C1008210). The model simulations were performed by using the
supercomputing resource of the Korea Meteorological Administration.
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Performance of two different schemes in WRF-Chem to
simulate particulate matter in East Asian region

Naser Mohammadzadeh, Myong-In Lee, Ganghan Kim, and

Seunghee Lee
School of Urban and Environmental Engineering, UNIST, Ulsan

East Asia which contains developed countries such as China and South
Korea has suffered from local and transported pollution during last years.
Several studies used numerical models to simulate atmospheric aerosol and
chemical components. In the current study two different schemes
RACM -MADE/VBS and MOZCART (MOZART/GOCART), were employed in
the WRF-Chem model for simulation surface PMss and PM;, mass
concentration over two domain with 27 and 9 km grid resolution during the
GMAP/SIJAQ period (15 Oct to 25 Nov 2021). We classified the GMAP/SIJAQ
period into four cases (26 Oct to 28 Oct, 1 Nov to 7 Nov, 13 Nov to 17 Nov
and 18 Nov to 22 Nov) which are classified as their high episode event. To
general explanation, the simulated surface PMss via the two schemes showed a
large underprediction over whole two domains except south west of china and
some polluted areas in South Korea, while the simulated PM;j, between two
schemes has significant differences. Meanwhile, MOZCART’s result is relatively
closer to ground-based observation than RACM. To more details, we choose 3
cities in South Korea (Seoul, Ulsan and Jeju island) with different locations to
identify which region can effect by local and long range transport emission.
Our findings show that high episode event with almost same magnitude
occurred in each city during four periods. In addition, it seems to be
transported pollution form china occurred in the 4" period.

Key words: RACM MADE/VBS, MOZCART (MOZART/GOCART),
WRE - Chem, GMAP/SIJAQ, PMio, PMas, air pollution

¥ This study was supported by the Basic Science Research Program of the
National Research Foundation of Korea (NRF), funded by the Ministry of
Education, Science and Technology (NRF-2021R1A2C1008210).
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YUY FEQJ AgdAE AAHeR wE @ BAHE vAUHAYg FA Fa o
ZHE EHoloE Az e mEE uAwA AEsE §1H s 1%ﬂ |
A= YAl wet EA 713 gehA Ao Ry dnbA o R Izt 9
Aoz wWEHAY v 7 gehukeS B 23 AAE vAEAE AdHow
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ATk wEbA, & ATolA T 202190 EAA G A& v A Gl WE EA 7}
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= A dtefshs Ao AyAoln], 53] ©@e WA B CO, M=ol we H
Az, 49 5 NP WEYel g ZUEgo] Festh $vate 9y Wi
of thstel i LAsbx WEY PAME Aste] RusE ?WOH A
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9 H"“:E Zb= d5 A8V ST HEER oAM= A
2 g9t X FZ A =7 2A AXRAGgEAN 94 B CO.
£ o &S A FF CO viEE A 7HsAdol FAHST 2 ATl =
CO*Z(Orbiting Carbon Observatory-2) #1749 #=5 AEE AFE3sto AM9E
oA e gE COo, MEYe & o B84 gt ol s ¢

F i)

Q

3H A4 wE w5 A fFore 5% A<S(enhancement)E KW A S
plume FE= AASH. o] F E= plume FHo tiste] 94 F3 A7t &
& 9 3%s u‘i% atel CO, wl= & ARtslsivh wisd A date] 28440
T e A5 AN HEEHE 23d, T3] A, A «9 4
Aol M HAske w3 Adel AT B, 2 ATl ﬂlﬁlﬁ}% A e
Hes AFH oz Hutsly] 98 A AAST CO, MEES A 9= AFsE
A wEgol dste] Az mas s 2 A0 A w5 ARl VRt
o] ElvEt B Aol dEHoR AHEd £ v A WS AAAGE
Aol elejs A, s e A48T A wE AL el CO; s wE
dge o4 + A& Aot VuEd F g
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CO27} Z7tekgith. o2l PBL ol w& ACO2 W3l 99de stetatual,
Weather and Research Forecasting - Stochastic Time-Inverted Lagrangian
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A HY 6.2 ppmZ7A] A A4S How YEu ol B4 AdF #FHE Fl
EA19 CO2 wiEH WElE AATto R 7HAIS £ eSS HoFy F35 T4 o
2 FHZo] vt Az AH HyE Sol FE 2 ¢ JSS AAFEY

Key words: olAF8tek, 44 %2, d7] 54 @3t o7l A%, 0] 5% 29

]

# o] b ARG EPRENTY AUCE FFATAGY UL o}
TdE A7 (No. NRF-2019R1A2C3002868).

_68_



= ol R
@%M el
— o
oilo‘LXI;va_.LﬂM:/Uo*eﬂong07
E].l el 3
o NTER ™ gUMEE
AEEOéQZE -~ XEzﬂ;ﬁ T
oo S N T gy & Ao o
WTHX2NEE%£7§NE4%%}%
= R Mo - g X
» Wo_LiLﬂrmw,mﬂ_lmﬂSioC_soEoooP
W Wi STW SR s
}E#EATL%O_L _ _ogzvaw@ T o
= o Lt31;Mo,_2__nnéd|
zoo] 7umll1rm_|ﬁE Oﬂo«oll
mﬂr.ur«lﬂiu% mﬂcﬂ%wg
mﬂdl¢1r o mElﬂi _ < P
‘hlxﬂ \Ll‘l;o‘yAILle T = QOE#EO.E
e L_.._n o oK od A A ) T %O 5 Mo o g RO - Eo
G o P o - T B o
T OnaAﬂ]_#oT .mwl_/_ rNA]..r E._ﬂmo]
— s 5 2 124@ %é{% °
oy @) ~ © #W_ﬂz %O o —_ W
s & o o) @E1EA o 2
o o B g B J B éﬂrﬂuuﬁ
~ Jvi Lt\:_;.»dl‘lﬂ _,oT 3 5% -
ol X ZT_ ‘Hol 0 Of 5 0 ,Nro o Zﬁ ﬂ.ﬁ :.L T < ﬂE
= 7w »%l_aﬁgl% N
ok W Mool 1x11ﬂ E_,vmom}auao
o ° mﬂ}&o B z < ,oﬁeﬁl%%ﬂw
T W Wy @ o X O
Mo = I © o TR N =t 3
o - L Ho w o W o) o) — nd)
7%Euxﬁ.io§}ﬁlﬁ§aodn1uw%wrzm
mnmﬂnao@ﬁ%{ al &é%l%ﬂﬂ%
ﬁxnwﬁﬂumﬁﬂwﬂuﬂﬁﬂ%goh%ﬂ%
By T 3w - EL O wHE
we o~ L,%]aa Ll o . = <
io7£ o ool 2 ﬁﬂ]ﬂé i%h
m_nqolo;_o_}zomufm ﬂ_/wm}c,_ﬂuﬂ_/
=Ny B o R SENA
Tl ﬂwoLl_nmu < ER o
2 & ;o_ﬂxﬂr Cs (] o
o W o KB o o
E%LH@ 9w%é41%%”u7w
G éuﬁ%l%ﬂ%ﬁA L REEE
Bomoa X N Eeg_éﬂmﬂgu
3 o_._.,Ao;oﬂoﬂ ,ojl,.rﬂ_rﬂ ST /
ZT ]#e i ],_XX \)i‘ o
& ﬂw%%%%zmzow.zé@%
o Ezo% ZOELMCEXW%%AM
o = < ‘dﬂﬂ_ﬂ_l_?_ 23 MMXH ln_AI
oy E o) o o 5 < o
$ﬂ1gaﬂgq+ﬂﬂ
oﬂﬁaoqu_.HoWE T
Xﬂmﬂmf%%
Nd o

Lol <]
)\}\":TL:IQ_ (
202000
277000
1).

-69-

words:
s EM27/SUN, wo}
y - 013’4—
al



s s
'~ M%W%;T
5 8o x N o
A @_wﬂ7ﬂ%@%?aumx1
o o) © ounuurmézﬁ@rﬂw. ok o <
o T T g0 =2 @@%h%é
W s © W A o Ho W oo = W o o L s Ao
= T 8T / ﬂ%m@ meﬂomﬂmu%i@%%ﬂé%
M6,om;;a_1xl T — = i
- Ll@zﬁ]?}]LZ < ooLllE 7ﬂ@o Y
= o v/uﬂfxr P NEET 2k & B g B
= R —~ B JI_E* oL]moLﬁA
IH Ho = . Eyzoo_ﬁmomu N bl
o gﬂ%ui}é % 2ol o~ ﬂ%aﬁoé%7
X Lf — OT i o — . =0 R ,* - _L s =
— —_ }E :.qu =7 B iﬁ/ogu}
ol R — do 1 R o= X . ] T g o O
— ) o zrmﬂbfﬂxﬂgwerﬁx L_ﬁoo#o_-_i}bé_o»b
< _ e W %ﬂb%. ° mﬂﬁozﬂ_x 2 o 5 B
N ™N HL Lf il s o o zr! h Zl O, 0 ;OL
- SR DS L33 b3S
= i ﬁﬂu?@ﬂ«ﬂ mﬂm#ﬂ,ozi%al%w%@@
= Mo I o _%1@%%% Hjﬁmijw O
ot oL]Z.E 0 J.u‘l%a::llz#v s Moﬁ.miOﬂW o
Hjn -2 mwﬂgegiv T 59 = = 8 T oo
= ﬂourm o) Laonoo_xﬂﬂﬁéoﬁeﬁEE?ﬂnjm_ﬁa @H%
P 2 o B e RN ST ol TR o X o8 o
B = < = _zlgwéuﬂ NS E fufl@
T Mz]ﬁ]ﬂu&ﬁuzTZEEleE_nﬁMMH,OIﬂFML_-._ﬂE,WNJﬂl
o o W7M€§u_yuom§0tﬂwiowﬁAﬂr. mﬂzrﬁwﬁﬁwﬂ%ﬁomﬂzt
— N — 1_|0 .rl Z_sz »AEELOJ;Q#HEO‘LI&O
o z.f ™ ~ ﬂwl N El_ HT T - ©°X <0 X° W = <7 B
i ]_n__ouﬂ %EQ@TH%@EﬁJ - ]_%_E
a ﬂ]@hﬂd%1mﬂi1y% T
4@1&; 3103 o P g %@é? of
{] Veolphflxﬂl %zﬁpglﬂa LN
~ ~ .‘._.owi ] wPLt ol = ﬂwolﬁilﬂ7
Ay X o 5 Ty o P N %o ) 5 = il
RN =~ MM T T g o R = o ~ ﬁﬁ = 3 mﬁ sk A ML oy
ol S E%%ME © = o u#HE@ (2
! B iy = % O 5 = T E RN
korﬂ L._o . <0 io = UT 7Bﬂ_x71.r
S 7 0 M iy F o o ol S > o R i o
wrﬂozﬂ%oaﬂz Y 2w g uohﬂmur T
:ﬁd;@ﬂ £u1rﬂm0A Oéﬂl]x ﬁlq@ﬂ
ﬂd%%%hﬁ%%ww%m,ﬂﬂo%co%%gﬂo
BEE S A L
_1%M%@WwﬂEMMLWWXE
T X oV S B = mw o = NE X ﬂW ol
ZﬂLMOuaﬁ W ool N
siizias

1
AT A e X

A=

o= 3

y

T
L

2] £

-70-

]'11:'*)9]

IR
= o -l (
>1(No. N
REF-2019R1A2C300

PN
e



Nlo

i

—

N
B

—

N

o))
e

o o]e] 2¥ A=

3lek A&

}1\1'

= 7] FolA o]

o))

tol W& ofyzl oy 714 =

Q%

ol

—

X

L

=

o7 AYZrER AT, o]

al

ojt}, E oo A += Copernicus Atmosphere Monitoring

K
W

]

]

oy
;OO

3o

=
!

TEE

o] wwk

o}
ot

.

474

Service (CAMS)2] ]

)
M

vl ol empirical orthogonal

A
S

iz

e

o
N

I

ox

A

i

el
To°
@.O

4o
T
N
~
Mo

function (EOF)& o]-&3sle], wete] A

AA CAMS A4 Az AF%

SE!

A ar LA

i

&

sttt CAMS A

Arsh w5

=
|

ool #

7
No

el

)3

wloX
~
=]
fi

ol

7, EOFY F& REX wEe 93
O

o
N

tol EOFe] +2

)

_?4

3|
“

~
o

ofil

Key words: W& 5% EOF 4], CAMS, Al &3t W3 24

o} 53]

ak
i

KeN
=

rd PAge] A9

3|
h e

o)

o

AR RS S A
F4th (No. NRF-2020R1C1C1008898).

# o Qi

_71_



PRISMA $]4 ¢ zg—% A A
AE ek vjEde) wek :

mﬁ
O?F
kr
2
N

e JAFAMNG) A, w4, 28071 TH 5
ojabstRt AR T 218 & AT AFE e T8 2AVFRoIY HE A A

AL o], We wEeel Mzz vyl Be
aL A

A ol N vk wiEde] RuE P H&sly] o ik :LEM #2 30m
T AR Ee 2RF AAME ZtE 9149 PRISMAS §3Fo2 $& a7 ¥

U A =9 (Point source)dll thdt wEr wjEe #= ssAdo] Rww w9l
B ATolM= PRISMA 914 S 283te] vgt 23 v= A5 dudgse Mg
2 HAstE HHom dh %}ﬁﬂn% et S gl 2210-2400nmell A
Iterative Maximum A Posteriori-Differential Optical Absorption Spectroscopy
(IMAP-DOAS) RS 7Iwtom AAEQ oy, 7] e vt ARE 2838
of Mgt 2y = A olF AW WY WEU T Ww BY 9L

s HA 7F T-teste} 7F-AIE e o] ARG H U 2 A8 S8 A4EE =
& S AR e Zd srxE 25 A de wEded dig v kA
AT Al 712 AREN 8 oA o)t

Key words: W, PRISMA, IMAP-DOAS

%R ANBe BAYY ANCR FTVANA/ED] =AW AFH A
M EA e A9 Wwob ATH T (2020002770001)

_72_



L o
)
N
-
)

2 94 #5S dA4E"l Aol AixHS5ES Bedstn tiy] T WE £xXE T
= Atk 2 Ao X = Greenhouse Gases Observing
Satellite (GOSAT)¢} TROPOspheric Monitoring Instrument (TROPOMI) 94 #
5 ARE ol&ste oyl T WE wxe AT W 5EAE B4 WA
20093 -8 FAA7MA] A EHHQ BE5S TS A+ GOSAT AFAEE o8&
o et F7] dss Ay EGTH 20108 F8 2020711 9] sRtE 7] wek ¥
I FET 18437 ppbol®, AH T 834 ppbe FAER X FE|A FrtEleE A
et ol T 71k sholAlol X9 Fyt F% 18356 ppbE. T thA
Al 840 ppb&t HlSzgk FFEolth. e GOSATH TROPOMI ¢

lo to o2 o

a0t

gty o, GOSATH TROPOMI
7 A5 AL A Hatol vl

13 ppb 7} 7V =+ 38HES Eo ol TROPOMI 9174 AHRE &3
o F#HAAE FotstuA sttt 2 A

o] 14 @7 &8E F JSE HAF

i

< ST Ador dxdgddriade] SAAY AGd S
o] Aldg wrol AF-H A5y (2020002770001)

_73_



2020-20211 M E&X9 2= AF w<=(Dobson) &34 #=
Ay 2 A5 (Pandora) #3434, OMI ¥4, MERRA-2

A4 Wl

AN e FUE A AL oF HEF =S 58 oFH WE A4S I
ofsla, AlWIES] of9 & A SEH Fo| gEE 4™ S Q. SFEL A W
Foz EAZHQA EXE Holx 7Aootk A4 AF F 90%E AR F=Ut
6 8ppmZ =/ YJEYE A3 2F2 A4 9 A gy BA T A9
Al frafet xF2] A A320-400nm), AL AB(280-320nm)E &5ttt eEL Azt
Y YAl =& AE AFHAdA FE O AAHAN BFA-F&
(Brewer*Dobson) Tl g3 LHER FFHHo FAR AHoA =2 Ff

% Wste 7159 A@e R (%A FHo] P9
F2 Hj7]7Fz=e 23Hd A AASHE(NOx), $1UAd #7188 E
}= 238k wlgow xgx QD} F VAT A A AbshA =

T
AN & FFLE 1BA3Y A7 FEDobson) EIAT )8
oF ABe BH Foly

2012 22 Pandora) EHA7E FAAY o8 A 859 A4EE ol
vk 2020-2021d A wE
91497 MERRA-2 A¥4gel Aste vngons dd #3e 4a48 4%
SR

Key words: ©.<&, &3], 7] 7HA], BFo -5 oF, oA

1) Ozone Monitoring Instrument
2) (Modern Era Retrospective analysis for Research and Application)



