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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 MMS5 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, Reisnerl, 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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Table 1. Descriptions of five CPSs used in this study
(Dudhia, 2005).

Grid size

Scheme 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 . . .o
microphysics liquid process
Simple ice Yes No No
Reisnerl Yes Yes No
Reisner2 Yes Yes Yes
Schultz Yes Yes Yes
& e 29Pe) ol AT 2 Dol

S (Betts and Miller, 1986). AK (Anthes and Kuo)*=
9 71e gatol olfel olsl A 7]
5 (grid column)°]—_°_§_ A= 279 23S A
Al HE o 2 7k4 7l 2 AA 3} (Anthes,
1977). 53 el welo] 1o} A3 o] glew,
ngdes iy 4ol wgel ¥4 dehbs 7
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um sl 7§ W A S, S Sd 9
compensation motionel] 28] A3} ofvx]e] A3z &
ZZ5 AAT oz AR Y ©d FTE(single cloud)
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H&2 Rosl= Aoz dHA U} (Grell e al.,
1994). KF2 (new Kain and Fritch)x 27| 2] 9§ 7}
£z ¢l #] (convective available potential energy;
CAPE)Sl 7]ihat 27 b g Abgshed We Wl
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A FuelA HA5E B4 nelh(E 1),
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&

vlele 37k 4~ (supercooled water)S 372 3}%
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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
(Case A) | i ivepuirwoneL (CaseB) | . veeurmone. (Case C) o umivspurmove.
Backward trajectories ending at 0300 UTC 02 Jun 06 Backward trajectories ending at 0300 UTC 05 Aug 06 Backward trajectories ending at 1300 UTC 27 May 07
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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.
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O; CONCENTRATION DIFFERENCE (Case: O, case 2)
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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)
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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 39.3 394 39.5 40.0 39.7
O; casel Domain-2 39.6 39.3 39.7 39.9 39.9
Domain-3 35.8 33.6 34.2 36.5 33.5
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 O case 1-D1 i O; case 1-D2 | O; case 1-D3 | ‘20 0O, case 2-D1 : 0O, case 2-D2 | O; case 2-D3
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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. 11. Horizontal distributions of difference of O; concentration arising from selecting different microphysics for the
chosen two cases.
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CLOUD FRACTION DIFFERENCE (Case: O, case 1)
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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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Table 5. Domain averaged O; concentrations for each microphysics scheme.

(unit: ppbv)

Simple Mix Reisner2 Schultz
Domain-1 394 39.0 38.6 38.1
O; 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 O3 case 1-D1 O3 case 1-D2 I 0O, case 1-D3 T 0O, case 2-D1 O, case 2-D2 O, case 2-D3

10

05 concentration (%)
-
-
lH-
{1t
"_D:H .

i B

.l

51 Rl R2  SC L] Rl R2 SC 81 R R SC
Microphysics

18

10

O3 concentration (%)

o}
1 ni—D]j—o

si A1 A2 SC 5 Rl R2 5C 51 A1 Rz 5C
Microphysics

Fig. 15. Box plot of O; concentrations in accordance with different microphysics over each of the three subdivided

domains.
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