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Abstract

This study aimed at analyzing the sensitivity of ozone simulation in accordance with the meteorological nudging
for a high nocturnal ozone episode. To demonstrate the effectiveness of nudging methods (e.g., nudging techniques
and application domains), the following six experiments were designed: (1) control without nudging, (2) experi-
ment with application of observation nudging to all domains (domain 1~4), and (3)~(6) experiments with applica-
tion of grid nudging to domain 1, domain 1~2, domain 1~3 and all domains, respectively. As a result, the meteo-
rological nudging had a direct (improvement of input data) and indirect (estimate natural emission) effect on ozone
simulation. Nudging effects during the daytime were greater than those during the nighttime due to low accuracy of
wind direction during the nighttime. On comparison of the nudging techniques, the experiments in which grid
nudging was applied showed more improved results than the experiments in which observation nudging was
applied. At this time point, the simulated concentrations were generally similar to the observed concentrations due
to the increase in the nudging effect when grid nudging was applied up to the sub-domain. However, for high noc-
turnal ozone uptakes, the experiment in which grid nudging was applied do domain 1~3 showed better results than
the other experiments. This is because, when grid nudging was applied to the high resolution domain (e.g., domain

4 with 1km), the local characteristics were removed due to the smoothing effects of meteorological conditions.

Key words : Meteorological nudging, Ozone, CMAQ, Nudging techniques, Application domains, Grid nudging,
Observation nudging, Objective analysis
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Fig. 1. The nested model domains for Domain1 (D1),
Domain2 (D2), Domain3 (D3) and Domain4 (D4).
The bottom figure is enlarged details of the target
areas of D4 and the red stars indicate the air pol-
lution measurement networks. Black and red lines
mean the WRF and CMAQ model domains, re-
spectively.

Table 1. Details of the physical options used in the WRF
model.

D1 D2 D3 D4

Microphysics WSM5 WDM6
Radiation (long/short wave) RRTMG/RRTMG
Planetary boundary layer YSU
Surface layer option MM5

Land surface option Noah land surface model
Cumulus KF -
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Table 2. Statistical evaluation between the observed and predicted meteorological parameters (T2: temperature at 2m,
RH2: relative humidity at 2 m; WS10: wind speed at 10 m) for CNTL experiment during total analysis period,
daytime and nighttime for Domain4.

Variable T2(°C) RH2 (%) WS10 (m/s)
Statistics MBE RMSE I0A MBE RMSE I0A MBE RMSE I0A
Benchmark +0.50 <2.00 >0.80 +0.50 <2.00 >0.60
Total -1.72 2.19 0.87 13.67 17.13 0.79 -0.10 1.21 0.60
Daytime —-1.63 1.98 0.85 13.34 16.18 0.74 -0.39 1.18 0.66
Nighttime —-2.75 2.82 0.54 7.19 10.71 0.88 —-0.20 1.62 0.35
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Fig. 2. Differences in statistical evaluation about meteorological parameters between each experiments (ONE, GNE,
GNE-3, GNE-2, GNE-1) and CNTL during (a) total analysis period, (b) daytime and (c) nighttime, respectively.

o713 A A 32 A Al 4 &



AR R S 2 CMAQ RH9] 02w nol vizke A3 377

B AZk) e AFEE Beth e YA 44
3t A3 (ONE, GNE, GNE-3, GNE-2, GNE-1)I} CNTL
o SAAE Aol (1Y 27 MBES] A9 723 F4
o el g SR £ g2 e o T - )
29] o] ANEYEE oJnlata, 7|4ka ol of3)
RMSEL: $9] b2, 10AL %9 ghe vieha o) At}
Hoz we oxfel e A=Y PHW JAES
1S ojnlget.

Ao YRS 483 APS ONTLET 4
A 218 REn AvsEd] gal by 2 g
Aol ehgron] Fol dhal g e AEE P4
2 Bgth U4 $5H) B2 9L ONERT} GNE
A ¥ =7 Urebglth. ONTLR} ¥]aste] ONE: 4]
PRtk v A7) e AN O R wre 3ot AX]
£2 Bgm ¥ Azl AMHoR §ARE 0XE
ugo 7leat graEe] el Be YAES B
Ho Fao] AL 8 YANEES BTh GNEE
ARHOE T 0ot B ANEE WY, 53
M A 7123t B4l el FIG HEE Gl
etttk aelEu A A8s Erelel] e gare
AR - 71 e a8 Aolsh ekt Tel=uy
stel EdlQ7b H§A4E AA AT 2 AL
7oL QX E 2T By om Ajsme B4
372 Holm URT Hayol WAH T ni
A 0Rpe) e Aol Uektont 7129 B9
DI H§V4S Fast DA H§3He
W oo @ F7HE Bech W ALY 72 F4L

APYE wolA Yot 5= A9 oo
o QA= 7} e Bt

FRHEE $40) = ONERT GNEY] =42l ]
oM A2Bs It FREA Lekton sjopuct
GFol A = WekE Rtk GNE: sjohdl 912 g
Aol 7bg FRR EI7h Ve B4 Bt
(Kim ef al., 2016, 138 3~5).

flo 1o o

1o 1o o

3.2 CMAQ REg Ay

o
ol
0

M

oE mdyg Ane o
Y 0 EF=ote] FAA
BTk AJ7HE Hat B

3.2.1 BR/BYN S
A 71k St 2z Ad
71 AEE LA HEE Al
E g =S I9 39

Ik
N HI

i

=255+ 5420 ppbE CNTLS] MBES} RMSEE Z¢
—13.28 ppb, 21.46 ppbZ AAIE O] Thh L X
yxzet AR AYgS B I0A7F 0582 &
AAE=E A U< 283 AF2 CNTLY 3
0.08 ppb, —1.52 ppb, 0.082] MBE, RMSE, IOA x}o]&
Holm Frjzlezs 3o 229t & dA=E H
o ol 7Y AR AWAAT Blaste] mlw|Rk 2}
ololt}, o ERARSE Aol glo] 7Rz A
Ae AgA QL nAE Aol o] o] on)
Sl Aololck. 4l Hol CNTLS} 10A9] 74 058,
GNE: 07002 $:x]4F0 2= uju|gt 2o]7} 9ok,
ofulio. 2 CNTLE it 7}eo], GNEL tjzie
=7} YA omlR,
147 FFol W e 24 A7}, GNEZ} ONERTH
ZIE HYoh CNTL¥} H|@sto] GNE= %
2 229t & UXEFE HG, ONEx Aty oes

=

orfo mn AN

Ag =oold] BE gFe 1SS HF =9
(D4Y7HA] 2§ GNE 4o 74 S48 2318 ot
elych. oy @x}9] 7S GNE-1, GNE-2, GNE-3 4
HOR 4% 3718k GNE PN 27 gast
A Bgom, dAEL 59 molele] 1=y
2 H§USE F/HE AT Bk ol 0F

o 2T =1 ©°
29| Fgmof Aol 714 PHAR Y FE A
e A - A e A% AnEA, 53| &

o

23 AAuEFe] AP Fefstes 7129 i
mo] g AT v 2EHA | Hdte =9
T mel Hge) HA oz Qg Atz Bl
A= B4 AT 3(b), AEE BSR4
oAl sk $A 243 fAelAt Wik es
29 A SANE HEH FESED AYGE Ajo)E B
Aom wamol Ao ERHA Uebgth BTt
HTEghe] ARTAE R] 05 o|5t= oFet o] A
Ao 9o GNE-39] AlzHAlo] 03582 7} =4
UERGa CNTLY AHtAlo] 02082 71 WA UEt
"ok UdE AEsS o AudATE Sk
GNE7} ONERT} 52 47 S By Egh, e
TUAL &9 =idlel A83E AuaAT St
o

sh= Aol trehdet.

J. Korean Soc. Atmos. Environ., Vol. 32, No. 4, 2016



30 1.0 190 ! ' " nDATA = 3840
(@) ®) s 35
= CNTL R?=0208
204 0.8 5 Z on roaw
‘8 & — GNE3 R?=0358
2 :’ = GNE-2 R?=0334
E 101 L0.6 S 90 — GNE R2=0291
<
2] S 2
o 0 0.4 =
po =
4 5
_ | mm MBE |
= 10 == RMSE 02
+ IOA
-20 r T T T T T 0.0
CNTL ONE GNE GNE-3 GNE-2 GNE-1 0 % % * 7o

Observed Os(ppb)

Fig. 3. (a) Statistical evaluation between the observed and predicted hourly ozone concentration during total analysis
period at 35 monitoring sites for D4. (b) The scatter plots of ozone concentration between observations and

CMAQ modeling results for total.

Table 3. Ozone concentration and natural emission in each experiments during daytime and nighttime.

CNTL ONE GNE GNE-3 GNE-2 GNE-1

Daytime Ozone (ppb) 40.71 39.81 43.66 4271 42 .05 41.76
variation (%) - —-221 725 491 3.29 2.58

NO (107 mol/s) 15.40 15.69 18.01 18.17 17.67 16.77

variation (%) - 1.87 16.94 17.94 14.73 8.86

Isoprene (10~ mol/s) 2.58 2.69 3.51 3.62 344 3.17

variation (%) - 4.09 36.02 40.43 33.23 22.85

Nighttime Ozone (ppb) 38.87 33.66 4271 40.59 39.29 38.67
variation (%) - —13.40 9.88 443 1.08 —-0.51

NO (10~ mol/s) 10.90 10.92 12.55 12.93 12.65 11.32

variation (%) - 0.17 15.11 18.58 16.03 3.82
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Fig. 5. Horizontal distribution of observed ozone concentration during daytime (left) and nighttime (right).
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