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Abstract

This study has been carried out to analyze the sensitivity of ozone concentrations by employing different options
of cumulus parameterization schemes (CPSs) and microphysics schemes in MMS models. These sensitivity tests
were applied to long-range transport case of higher ozone over Northeast Asia. Employed CPS schemes are Betts-
Miller (BM), Grell (GR), Kain-Fritsch2 (KF2), Anthes-Kuo (AK), None scheme (grid scale physics only), and four
microphysics used here are Simple ice, Reisner1, Reisner2, Schultz scheme in MMS5. We chose two cases of high
ozone long range transport case by employing both concentrations ozone level and backward trajectory model.

The results showed that modeled ozone concentrations indicated about 10% differences among CPSs. Of the all
options, GR and KF2 (for CPS), and Rersiner-1 and Resiner-2 (for microphysics) showed relatively good and stable
variations against ensemble mean values. For both CPS and microphysics schemes, the difference of precipitation
arising from different parameterization schemes was significant by itself, but the resultant ozone variations showed
only marginal. But the cloud fraction differences arising from different parameterization schemes showed better
correlation with ozone variations than precipitation differences, indicating that the photochemical ozone generation
variations is more dominant by cloud fraction than wet removal process for high and long-ranged transported
ozone cases over Northeast Asia.
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47129 FARS] A7 oy B4 29l
22} Al Eofof Fh=dl, L 5 BHeA AREEE
714 240 BEAA w3 g A7t e
2] mhe 71 A4s mojshe ¥ o] A F
712 2AAQ #AE WAk sioh A= 272
7] A &7t BFgAA ol Tl /-3 A7t
9 37 A 8 B Ee A 2l AA ]
A A o]t} (Wang et al., 2006). o] F Z7|x7°] &
A 71E2] i, 914, delelel 22 A Al~E
o] Wiz ofAle HolHE 4 W Aw FIlEhe
7Y 52 A7 B8 AA A= o (Warner
etal, 1997). 22} $x = A9 B34, &
3 78 et AR wps Aol Uehie
2 E4 s A7 7148 ClE Rk oldE
G719 2olol QoiHE A o377} v B
o, ol 270l wel A ge) mim WeES
FH3}ste] Ao zA JHAE 4 ok (Wang e
al., 2006; Dudhia, 2005).

714w EM 714 2 o] A Hes Aakst
7 S5kl Barmow AAslol & SAL ofe) 7}
A7} iek o] F el w43k we $Ho] HmA el
g, 53] A& 243} (cumulus parameterization), 1]
E-2] 74 (microphysics process), B-A}}A] (radiation
process), ™ 7] 7 A Z=3}A (planetary boundary layer
process)S Z3H, s mpEt I Tlel] ezt
45 A aEste]o} kAo 7)Age Ak & ol
thoo] & g d FF Bxel AHAQ s F
e ¥ w3t F oA B ez 75 &t
(cloud effect), t A 734~ (convective precipitation),

R

v 74 7} (non-convective precipitation)Z =.9]
ol glo] 8 =aHe wrekakeDudhia, 2005; Ara-
kawa, 2004).

Ao was B AL AR gl HAHal
T4 75 50l B2 A =¥ S8 A
Fre) =g W4 Y B4 04ET ABAA 4
3l= HA o7 2§ w43} wlek(cumulus parameter-
ization scheme; CPS)-2 27 7}4 (closure assumption)
o oJ8] =A $%7] 43 7" (moisture convergence

scheme), -8 95 =72 7|9 (moist convective adjust-

2 718 E A A29A 4235

ment scheme), A &F& 7] (mass flux scheme) & F
20 7247 g of 2 248 74} Dudhia
2005). b el 714 mo] BN B m43E
Agstels A9 AFRe] 2 98 dol= of
AR sl diash) meHne gl Al
W =AA BebA o] friEA] okom, 753t 9] ¥
7 AbelolA dolvhe 45280 AAT WES B
238 sl FAAL 235 70 5 et
AEE A2 28 SAHA, A AR A,
Felshe 49 2He waskslel £7 mde

o
M = e Wl <klAM 75 5A4S A3 Af
=]

N

w2 A% welah o BHe B wde] Palg
4 ol B9l W SRR BRI ¥ (spec-

trum) Abo]o] A5 2hg-& F§3tar, R w3}
el ok el Hele UAE 4 sl
ZFH2 7R el MMS5 (the fifth-generation NCAR
/Penn state mesoscale model)2} WRF (the new weather
research and forecasting model)ol] M= 4= A3 E<t
CPS2} mAE2ukalel] sl @2 A9} 7fAle] A
=)o) ¢k} (Arakawa, 2004; Stoelinga and Coauthors,
2003). T2} 245t Wkl wel zelE B4
Aes A Aol wolw ek A £BA
54 2 i S4ele 27 dzeluz off
£ Agol w54 wbel ARHez A4
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S o AAE At el AlAERem, Odury
et al. (2007) 4, 8, = 5] ARl 9
3 A F7F 7] 3ol S Fol HE CPS
7F 45 A7) ghel] 2 Zpol7k el 4 35S B
R, ol 3 M m4dt Y B HAel A3 714
L4 7 e B oA % Seol and Hong (2006)
% Lee and Lee (2011) 5 @2 77kl Jsf 713y
5o} ek
W A8 w9 g el o oo
o) w7ty fF wje sulslch Kim ef al. (2011)
S CPSE Mgl melEl sl oo 29T
o) %4 AHeel Wik 1&g B ) glor}
Fusldes drlededst Bn N Qe

ooz vl Ao} T2 A 75 71 2 71

o w

rlo



ol A7 44 FHH Ae madt @ B R o B

252 998 WA, 5, Eshs AN
2 982 d9stnE Hr1egEde x5 C5
el gle] CPSs} wiAEe|apg el A= vl§- T2
st wak 7| o8 A|&EQl ok Wi

oheksl 0 &) A 2] 44 (long-range transport)
Al A 223} et -4"} FEFE A & A
o2 fohE) o] F &L F3E} Hk-go o3| A
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Aol 23 TEw ¢F9| nzte= vlelslglr

El

2. AT W, I o Af

2 AFelAE Aedoz sdwEe S )
4wz AT B)d 2l ol gstel, 7 A
+ Bas 9 wAEelRe $Ae WE mhE
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Table 1. Descriptions of five CPSs used in this study
(Dudhia, 2005).

Scheme  Grid size Characteristic

BM >30km Moisture convective adjustment scheme

Mass flux scheme, single cloud
version of AS

Mass flux scheme, adds shallow

GR 10~30km

KF2  20~30km .
convection
AK ~30km Moisture convergence 'scheme,
much convective rainfall

None < 10km No cumulus scheme

Table 2. Moist characteristics of four microphysics sch-
emes used in this study.

Ice Supercooled Riming
Scheme . . Lo
microphysics liquid process
Simple ice Yes No No
Reisnerl Yes Yes No
Reisner2 Yes Yes Yes
Schultz Yes Yes Yes
& e 22 oIt AT 2 Dol

<3{,11;]-(Betts and Miller, 1986). AK (Anthes and Kuo)*=
527] #9710 Aasto] olfel o) A% 7]
% (grid column)gte 2§45 $57]9 245 A
Abste] A of R 9 b k=g A3} (Anthes,
1977). 8 B2 welo] 2o} 3} Ho] glom,
nRTow UFy el vgel A Hehis 7
3Fo] gJt}. GR (Grell)-2 & I3 A e} (quasi-equilibri-
um @SN TE U AF 45 S p 9
e 2

=
250
T

i

compensation motionel] 2J3] ¥}
x2 AARFo=zA Aa U ©Fd FE(single cloud)
& molabl, Uil sk AT B fAE
HE=2 2= Aoz g 9} (Grell et al.,
1994). KF2 (new Kain and Fritch):= 37139 9% 7}
4 #A ol #] (convective available potential energy;
CAPE)ell 714t 574 7148 Abgste] y& 9ol
AR AR ARl FgeF s 2ojshy uzt
g dfell 23 <d3E I rel¥he (Kang and
Hong, 2008). ¢]2]o| = CPS: Ztz} o8& =7]9] 3
A FroA HA3E ExAL meloh(z 1).

u A B ek & 260 2oFstgl e, 7] WelA
HEahgsi ppnad mel TR Simple ice
vl izt 424 (supercooled water) S 12514

o U

J. KOSAE Vol. 29, No. 2(2013)



)

138 PAS S

nu
Loty

V

ool tl7] F9o B& 437, FEEMA, vlAre2 Ao A CPSel W3S Fo& AS v B

2Rele, WATE ol AE o o3& fBaFo] gk Simple iced ARSI T wM EEdlelel W3}
FA 72 A Reisner-12 32 4 A & 9L 79 CPSE GRE 1A ste] Rl & &
g2 Arlsly wAZTE olsleA = &3 low 33k 7|4 %7] A8 NCEP FNL (final

8
melting) = 3.1-_@'6]-&] S0 AMH3LE A" oz operational global analysis data)& ©]-8-3}3].2™ 100
&g 4 ¢lt} Reisner-2= Reisner-1¢]] 22t 344, X 70 (60 km X 60 km) AAE AlL3}9c} sl =4
A5 FE=E oS UAAE FUiste] Bo AAs o AASS A¥E wEe Alant AmAEA HA
A ers 28 B AA Aoz Qs o whe] 50hpagl 23WA7EA| ] Fow AL =
B Ry g 29U Azbe] £8Fy el 9@ W E¥] A 5 PBL-> MRF PBL physics& A}
21t} (Seol and Hong, 2006). Schultz B}9}F-2 Reisner-2 251993, cloud E-AF2}A 3} multi-soil model S A4

o} A9 U FEHSES yEh} Aoz sl BxA|Hcloz o
kg w4est 1l oAl AL A3t weba] e} MM5el| A 7443 71482 48 A= Ahg-ste]
ukelel] vl A2 AR AIZHE dar s Az 97)A 2AE & 292 CMAQ version 4.62 AR
o Bol| $-83F EAL 7}x15)(Schultz, 1995). s9ick CMAQS] §41-2 EAMel ez CB-IV/Aero3
mechanism3} ACM-cloud model°] ALSEQlon =
2.2 2 JiQ o 48 98 wj&= 2t2: INTEX-B (Zhang e

el 1 U Awe) A4S Nske] A% al2009) A5 g el
»dl e MMS5 version 3.78 Al&-stgo. 22 elql

CPS:= BM (Betts and Miller, 1986), GR (Grell er al., 2.3 AEME A ool &
1994), KF2 (Kain, 2004), AK (Anthes, 1977; Kuo, 1974) B gz ZHol x| ddA] AAT o]} AT
U A 2532 ARSSEA] ok A9 (None)E AA o] TExy} WS Aldd] WE dFEA, =

sled w)wslodt m M| B2 ukele Simple ice (Dudhia,  $Fo] vyebhgw A& AAsl7] 98 20065 —HrEi
1989), Reisnerl (Reisner et al., 1993), Reisner2 (Reisn- 2007371A] dj7) e GE&A e 7|23 AL, dAH, 5
er et al., 1998), Schultz (Schultz, 1995 A4stdcy. 99 A7 92 F 2 o &alech 7+ x| 84]

O; daily concentration (5 hr moving average & 95 percentile)
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Fig. 1. Time variations of 95 percentile for 8 hr moving averaged O; concentration in Seoul, Incheon, Suwon from 2006
to 2007.
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Table 3. Observed O; concentrations for five selected cases.
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(95 percentile concentration, unit: ppbv)

Case A Case B Case C Case D Case E
(06. 6. 2) (06. 8.5) (07.5.27) (07.6.19) (07. 8. 23)
Seoul 73.8 68.4 94.2 110.6 83.2
Incheon 57.6 65.6 121.6 75.0 101.0
Suwon 100.6 105.5 104.2 120.4 78.6
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Fig. 2. Examples of HYSPLIT backward trajectories for high ozone concentration cases. Case A and C were chosen in
this study as long-range transport cases.
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Fig. 3. Spatial distribution of ozone simulated by MM5-CMAQ on 27 May 07 (O; case 1, left), (b) 2 June 06 (O; case 2,

right) using the BM and Simple ice scheme.

Fig. 4. Domain subdivision for spatial analysis.
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O; CONCENTRATION DIFFERENCE (Case: O, case 1) O; CONCENTRATION DIFFERENCE (Case: O case 2)
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‘BM L s . T

1o 130 140
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Fig. 5. Horizontal distributions of difference of O; concentrations (ppbv) arising from employing different CPSs for two
chosen cases. Red means higher, and blue represents lower concentration.
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CLOUD FRACTION DIFFERENCE (Case: O, case 1) CLOUD FRACTION DIFFERENCE (Case: O; case 2)
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Fig. 7. Horizontal distributions of difference of cloud fractions arising from employing different CPSs for two chosen
cases. Pink means higher fraction.

PRECIPITATION DIFFERENCE (Case: O, case 1) PRECIPITATION DIFFERENCE (Case: O; case 2)

00110 120 130 40 150 100110 120 130 140 180 zap 100 10 120 130 10 150 10 10120 130 140180 240
. Y RS ORTT. P

: <O “ s e

100 110 120 130 140 150
- it

KF2 Zy N > i

110 120 130 "o

100 110 120 13 140 150 100 110 120 13 140 150
o e s 1, \ e oy |
- s 080 | igne ¥ =7 -y e

¥

Fig. 8. Horizontal distributions of difference of precipitation (mm/6 hr) arising from employing different CPSs for two
chosen cases. Red means higher precipitation.
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Table 4. Domain averaged O; concentrations for each CPS. (unit: ppbv)
BM GR KF2 AK None
Domain-1 39.3 39.4 39.5 40.0 39.7
05 casel Domain-2 39.6 39.3 39.7 39.9 39.9
Domain-3 35.8 33.6 34.2 36.5 335
Domain-1 40.0 40.1 40.0 41.2 40.1
Oj; case2 Domain-2 40.7 40.8 40.9 41.7 40.8
Domain-3 36.4 344 34.8 34.0 33.7
i O3 case 1-D1 i O3 case 1-D2 | O, case 1-D3 | ‘20 O3 case 2-D1 : O; case 2-D2 | O3 case 2-D3
10 | | - o |
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Fig. 9. Box plot of O; concentrations in accordance with different CPSs over each of the three subdivided domains.
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Fig. 10. Scatter diagram of subdivided-domain averaged O; concentration differences (%) against the deviations of
cloud fractions (left), and precipitation (right) for all of CPSs.

O3 CONCENTRATION DIFFERENCE (Case: O, case 1) O; CONCENTRATION DIFFERENCE (Case: O; case 2)

100110 120 130 140 150 100 110 120 130 140 150 420 10010120 150 140 150 100 110 120 130 140 150 4z
5 3 + S~ 3 = ) - e 1

Fig. 11. Horizontal distributions of difference of O; concentration arising from selecting different microphysics for the
chosen two cases.
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Fig. 12. Horizontal distributions of difference of cloud fraction arising from selecting different microphysics for the
chosen two cases.
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Fig. 13. Horizontal distributions of difference of precipitation (mm/6 hr) arising from selecting different microphysics
for the chosen two cases.
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Fig. 14. Time series of domain averaged O; concentration arising from employing different microphysics schemes for
O; case 1 (left), O; case 2 (right).
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Table 5. Domain averaged O; concentrations for each microphysics scheme.

(unit: ppbv)

Simple Mix Reisner2 Schultz
Domain-1 39.4 39.0 38.6 38.1
05 casel Domain-2 39.3 39.3 38.6 37.3
Domain-3 33.6 34.0 33.4 33.0
Domain-1 40.1 39.9 39.6 39.1
O; case2 Domain-2 40.8 40.1 38.6 37.1
Domain-3 344 34.1 332 32.8
T 0O, case 1-D1 O, case 1-D2 I O, case 1-D3 T O, case 2-D1 O3 case 2-D2 O; case 2-D3
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Fig. 15. Box plot of O; concentrations in accordance with different microphysics over each of the three subdivided

domains.
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