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Abstract

Sensitivity analysis on PM,, forecasting simulations was carried out by using two different initial and boundary
conditions of meteorological fields: NCEP/FNL (National Centers for Environmental Prediction/Final Analysis)
reanlaysis data and NCEP/GFS (National Centers for Environmental Prediction/Global Forecast System)
forecasting data, and the comparisons were made between two different simulations. The two results both yielded
lower PM,, concentrations than observations, with relatively lower biased results by NCEP/FNL than NCEP/GFS.
We explored the detailed individual meteorological variables to associate with PM,, prediction performance. With
the results of NCEP/FNL outperforming GFS, our conclusion is that no particular significant bias was found in
temperature fields between NCEP/FNL and NCEP/GFS data, while the overestimated wind speed by NCEP/GFS
data influenced on the lower PM,, concentrations simulation than NCEP/FNL, by decreasing the duration time of
high-PM,, loaded air mass over both coastal and metropolitan areas. These comparative characteristics of FNL
against GFS data such as maximum 3~4 m/s weaker wind speed, PM,, concentration control with the highest
possible factor of 1.3~1.6, and one or two hour difference of peak time for each case in this study, were also
reflected into the results of statistical analysis. It is implying that improving the surface wind speed fluctuation is an
important controlling factor for the better prediction of PM,, over Korean Peninsula.

Key words : PM,, forecast, Initial meteorological field, Sensitivity test

*Corresponding author.
Tel : +82-(0)51-510-3687, E-mail : chkim2@pusan.ac.kr

o713 A A 33 A Al 6 &


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2017.33.6.554&domain=jekosae.or.kr&uri_scheme=http:&cm_version=v1.5

CMAQ BH & F3 27] 714780l e vAHA] & oS 94 95 555

.M B

A, 0& Fo g7 RE i 714
Hi&g-oietrd S Z3Hgt 33k 2dy A2
Aotk £A 7R d S o] §38to] Rojstaz} st
= 999 33 7S 2ot i) d mde] 3
% Az 9 3 wjE ARE Yok gt o
A g E 33 71 7 sekgE wiEE AR
£ e rd Y JYRRE ARESto] AIZHE
4714 =5 95T 5 o ole YdIREES
HEo| th7]19] E3}st 2489 4-215tet A B
] SollA exp7h dAE 4 Qlow wheba v ook
g dAEol H71d e Ao gFE F= £
T Gk oz 2 Z-831A Hoh(Kim et al., 2014).

71 8ol G A= 71 292 st o
71 HERY aEor dufy HEHEUE A
= W71BAS WY 8 T A} Aoz dnt
HE AHEUE AAss R BAS e 59 7
2 71T o, Aol 71 ke B8t
HhS-9] Z=of Zlo] Hojgtet. E3F tf7|dteteg
g A o] 22 - 3HekA uiZfHe] S84 5 7
9 3154 £ Ak o7 7HA7E YTk o) 4]
& B = f8 71 JAEE skl ol& A
Asts 2dd] AT Y7148 dEs SEE 98 o
@3] Fagt, ol AAE FolA TRIEE 2Tt
© AYTtE i oA F8F 84 F S B
W] glol A WA BARl 714 mdo] A Ee 7]
Aol 27 9 A 247 QuEsh & 27 9 3
Az7de) HoEs 2717 BAE FAHo2 Bolob
B 714 @ oA A R mde Fas 0% ok
2 Zg3}l2 2 (NIER, 2013; Borge et al., 2010; Tom-
boru et al., 2009; Appel et al., 2007), A} GAFSE =
+Y 27 2 A 215 gy Z FHAIAE A
A, 0|2 1% A Br AmIA| o g IHA 4
T ] Fas)i

714md e dYgxEll 714 271 € AA 24 A
2ol o2 AJA”T Zo] AATE R o] AMEE=
NAM (North American Mesoscale model), NCEP/GFS
(National Centers for Environmental Prediction/Global
Forecast System), 7|44 UM (Unified Model) 52| o
2 Z77} o1, NCEP/FNL (National Centers for

Lo

L ox

[ e=

S
ol

Environmental Prediction/Final Analysis), NARR (North
American Regional Reanalysis), ECMWF2] ERA-
Interim 5-¢] A4 =7} ek Skt 714 o
e UM F3E o] §3u glom, At G715
A ol AREElE 27] 714 98 AR+ NCEPOA|
A|-&35l= NCEP/GFS&} NCEP/FNL #}&o]™, NCEP/
GFS A1&22} NCEP/FNL At 2= 22 o2 £d3t »
WA2Y 2 ARFE|MS Bl PAETHE A7
oA+ ©o]% NCEP/GFS2} NCEP/FNL At 25 H oA}
Z¥z} GFSe} FNLZ 3 3slth. GFS= NCEPS] 7]
7 olE 2d A AFo A YA AEARRA o HA|
2oy AR AT e gk Atof] AREEH, FNL2
A Ar=A B35 e Ao 23dste 24
AR 2 GFSETH oF 10% A= o B2 Fo #5 g
£ BAHG FNLE 3% go= HAYHE oA
GES7t A4EE Aztutt o @ A7kl BasH
o), webA] o mAlZgo] okl AurAel 714
714 mof AtollA sl de 2ola Qi A3
OB F AR IF Fo HAH A& Aol 7]
& E d71E 2ojdte] g g7 v 4 Qloh

2 AFoAe 2l B §2 71dAA A7
dgto 2 A AT wAHA] AN} FoflA w]AHA]
AE Fe=rt Aoz 2 AEE AAs, A
e Aol dhste] HollA At 714 A FollA
A r 2ds] AE T B, S 71 2EY
ES

4 FAAZA A=EZE GFSe FNLE ARg-3te]
A=

YA BEote] dln PEs} e Polg B4
sloich. = & Az yehts oHEa ool 3

HEQIAE setsigl, ol BHL F
3 27] 7149 Afele] o8] SuHE WAHA
= mAREe) o A4 5& BTt

Lo

2.1 D A7

2 oA ARERE SR 713 E S WRF (Wea-
ther Research and Forecasting Model, v.3.5.1)0]H 7]
& kg So) 7SS A4kshet A8 A
AtEl 7]AS MCIP (Meteorological-Chemistry Inter-
face Processor, v.3.6)& o] &3} tj7| ALz mE o] 9]

J. Korean Soc. Atmos. Environ., Vol. 33, No. 6,2017



556 2R -olad - AdH - HH3
H2te P2 WS nAEA] FEE 25}
A 2 d79 B71E A 2P CMAQ (Communi-
ty Multiscale Air Quality Model, v.4.6) 22 A|AH]
< 29 1o] et

WRF 242 1990 $gbof| SF2 7| 4RE]
PSU/NCAR-MMS5 (Dudhia, 1993)2 tj#|5t7] 215} ]
= tfj7|2}stA LA NCAR (National Center of Atmo-
spheric Research)?} NCEP (National Center for Envi-
ronmental Prediction)®] 5202 73l ow AA
Aoz dy HygEo] g2 AT &&H itk E
3 CMAQZ ©]= EPAZ} %t #AIRE FollA =W
oA AlY wo] o] &H+= 32+ FI e} e U et o
714 mdolu, 7] § LHsE, XA, 434
S o2 7k 294 BT 7] Sl BAskE F
313} vk 5 AR E9 - 33t vk BES 23}

Initial & Boundary Meteorology
Condition Modeling System
FNL or GFS WRF
MCIP
BCON CMAQ Chemistry EneSio
ICON Transport Model data
JPROC (CCTM)

Fig. 1. Schematic diagram of the procedure in WRF-
CMAQ modeling system.
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Table 1. Descriptions of model configurations.

Model Domain D1 D2 D3
 Horizontal Grid (CMAQ) 174x128 67%x82 58%61
* Horizontal Resolution (km) 27 9 3

e Vertical Layer 15

e Run Time 61 hour

WREF Physics Option

* Microphysics Option WSM3 (D1), WDM6 (D2, D3)
¢ PBL Scheme YSU
e Cumulus Parameterization ~ Grell-Freitas Ensemble
* Long-wave Radiation RRTM
e Short-wave Radiation Goddard
CMAQ Chemical Option
¢ Chemical Mechanism CB 4
¢ Aerosol Option AERO 3

OBS POINT

@ AWS(Automatic Weather System) §

LY

e

Fig. 2. Modeling domain for Korea air quality forecasting system. D1 covers East Asia with 27 km horizontal resolution
and 174 x 128 grids. D2 covers Korean peninsular with 9 km resolution and 67 x82 grids and D3 covers SMA
(Seoul Metropolitan Area) with 3 km resolution and 58 x 61 grids.
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Fig. 3. Time set of daily PM,, forecasting simulations.
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Table 2. List of false forecasting cases. Each case was selected from the model vs. observation differences in
descending order. Occurrences of Asian Dust were also indicated here.

Ranking Date OBS Forecast Difference Note
1 5/18 163.836 582 105.636 Asian Dust
2 527 146.87 48.1 98.77 Asian Dust
3 1/1 116.59 18.3 98.29 Asian Dust
4 3/18 121.337 26.6 94.737 Asian Dust
5 2/28 109.594 22.1 87.494
6 3/19 116.264 36 80.264 Asian Dust
7 12/2 89.1956 12.6 76.5956 Asian Dust
8 4/16 146.395 739 72.495 CASE 2
9 1/21 102.555 32.6 69.955
10 3/1 90.3105 26 643105 CASE 3
11 11/13 77.2838 15.5 61.7838 Asian Dust
12 5/26 76.9531 20.4 56.5531 Asian Dust
13 12/30 107.113 524 54.713 CASE 1
14 424 104.758 514 53.358
15 2/3 60.798 8.8 51.998 Asian Dust
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Fig. 4. Synoptic weather charts and streamlines of 850 hPa for the selected cases of sensitivity analysis.
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Fig. 7. Spatial distributions of daily mean temperature in Seoul. Circles represent observed values.
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Fig. 8. Spatial distributions of simulated and observed wind fields in western coastal area. (a) and (b) represent simula-
tions from GFS and FNL data, respectively, and (c) represents observations.
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Fig. 9. Diurnal variations of simulated and observed sur-
face wind speed in Seoul. Observations are val-
ues averaged for all observation sites (®) as indi-
cated in Fig. 2.
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Fig. 10. Spatial distributions of daily mean wind speed in Seoul. Circles represent observed values.
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Table 3. Statistics of model performance for the simulated temperature and wind speed.

Meteorological variables CASE 1I/B condition MEAN MB R RMSE I0A
CASEl FNL -1.09 -2.12 0.85 2.79 0.82

OBS: 1.04°C GFS -1.20 -2.24 0.87 2.86 0.79

Temperature CASE2 FNL 18.32 4.22 0.71 795 048
P OBS: 14.1°C GFS 17.66 3.56 0.73 6.88 0.53
CASE3 FNL 7.94 1.49 0.84 423 0.71

OBS: 6.44°C GFS 941 297 0.85 5.11 0.64

CASE1 FNL 2.19 1.24 0.53 1.44 0.53

OBS: 0.95m/s GFS 2.57 1.62 0.59 1.86 047

Wind Speed CASE2 FNL 2.20 142 048 2.02 0.38
nd Sp OBS: 0.78 m/s GFS 273 1.95 0.54 233 0.34
CASE3 FNL 1.55 0.28 0.62 0.76 0.75

OBS: 1.28m/s GFS 201 0.73 0.04 122 041

(a) PMio (FNL) (b) PM:o (GFS) (c) Difference (FNL—GFS)
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Fig. 11. Spatial distributions of simulated PM,, concentrations from using (a) FNL (1st panel), (b) GFS (2nd panel) data,

and (c) its differences (3rd panel). The red area in (c) means the PM,, concentrations from FNL data is higher
than GFS data.
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Fig. 12. Diurnal variations of simulated and observed
PM,, concentrations in Seoul. Observations are
concentrations averaged for all observation sites
(0) as indicated in Fig. 2.

7o) 937k 2RANHE oF 148 AR eht
ou melATAE o4 1048 FAo2 7s} 1}
B vk oz mdo] uAHA FEY U5 UA)
wr o e mojslglon] £ mojdue w3 me|
AVPEHL Hl2:alont FNLS AMge molZatol A
o E0% 928 ST 4 3Tk ol FNLY B4
94 P

B2 Eo A mojEglen, ol ulAwA
B2 AALONE AR © 7VgA w=A )
moll g g oujsin,

ol 27] 714 Aol B3] F9| Folo] o

A Aol B 5F, 03 2o FE 42 9 7=

olFE

goll et A S oS WgE AT 567

ARH, 2T FHEE SN N e 2ojEmt
Uehte, 1 4SEl S35 ENLS AMSE molZat

oA o ARl 7MaA molE S-S Selstd, 1
R S AT £20S BT 4 AT oke
w9 o] e 7AAe) Zo] E A% RuEE
o), ol st 714 mA B4l et mojEl ulgHX|
o] BIEE Wolsh A4 AT A% Bad Ao
= e,

4. QOF U A=

-1 =x

£ ATl mARA mole] HStE S 9ot

72QTRA o712 mde] JotEo] ge e o
N 27] 7)) Astel ohek mAMA mAbe) W
=S BAstgTh A8 A2el FNL o RAzel
GFSE 7l4mde] 27 W 47 24 AR A}
of 27] 7V W2 BAEA = 2o WE
242 YAt FURETEA A Belos A
853 9 GFS 7|3 mue] wAwA dnans
olgste] & Wt

5 = B9 Qe Agsas,
A FEE SAE A Atz 290
A aE %kOI 50 pg/m’ o]4F Wigrom, ghibe %
Bl 2R Aol A A2 F7 SdolA A1
3 mo) A T 4B e Ao BT s
ol st
WA nAEA) sEel 7 2 Jare v
3} vigre] BoATE W AT )L % 27] 7]
Aol e meldat Zol7t 24 ghgton A
2= mojzge] chopslAl ehtid), ol 23 of
Aol 2o A 28 BA ) F2Z 7]
£9] 5291 $8hgo] oA Hanol] ol 3
e X Fe Juleich v B0 49 BE 4
AN GFSE 27] 1o ASRE 1 Akl
3} $EANAS FHOE F5E o BobA mojatel
o olE B FARMINE 2 ekt we
A olefat B4o) sojmel Asiotat $EUx| o o)
TAHAE w2 S U 244 B ETE T
0 AN o] o ol meld oA
£ AAQ $BIVEE 5 veksb) vag 23
A AT F 9T, BE AAA oz

&
>~

J. Korean Soc. Atmos. Environ., Vol. 33, No. 6,2017



568 25 -ol&EA - AYA - A3
FNLE 27] 7|82 AH3E b 5= =513 9
AR, FA oA I BE=7t o =4 vEhyth
HE &4 A=<l FNL 2AAw7F A B2 =71 GFS
Zkzof vls o At 714 H dr|d 2odnE A
Abshs o) A5 7Hs e 20 4 glen, 2 Aol
Me A= oE 27] 7144780 disf nAHA o2
7} k2 veges 1 9lo] BE slgas B
&0 2A 71stgihs Mt w3k 26 o)
2to] Uz 53 A7 itk &, 283 93 A
o 3 FNLE ARSR 971 B 32 2436
St A SolA I YulE & 5= ok gEkA m
AR A B FARA Al AR EY qE FE7F 32
LB AHle AGESY gidSe] vIHg e 2z}
2 ooEy, ke 9] ole A 52 A 7]
&9 ol HE(FHY FEg Bmort LrdT T2
EAFE d7]1d Bolo] FRsiths AL f58 &
At
Uo7t A& F4 ol9oe 71, d7|1BAS W &
% 71 AASLE 5o 7)4hadote) vng F3
©3} 24 9 ol 2A Foist Y, oA BA | o
2] % 9 SHih AvrE AR 28] EE4lA e
et A7 F7HHos ded AoR AIREY, i
713t d AA 9 2 - 35 miZfRise] &
S ESE g sfof fﬂﬁ}-

_[

I
p

P

sieke 10l 7
g0l #e vigos §esE 4
FWI4 E BRE B9 onol 9
ﬂEﬂﬂﬁﬂﬂ”ﬂiﬂﬁﬂﬂﬂﬁg oz
Stk vobrt B4 7144 ¥4 /148 2R U
29 4R F7kste] 2 BT Ao ATstel
e Ao WA oRg SuE g% urh g
WA 27] 1 ATE S Aol

off oH
Z r‘l.: fr 1o K

r{m
i
ol
-

ANEIE

2 A7E neHelr|eR fgos fRATAE

9] 7| 2AFAFY A Y (NRF-2015R1D1A1A01060088)
3 2R BAER A EAE BE7)5 o)

o713 A A 33 A Al 6 &

A 2y AAAA FEA) A IR
ol A&

qgow o)

References

Appel, W., Gilliland, A., Sarwar, G., Gilliam, R.C. (2007)
Evaluation of the community multiscale air quality
(CMAQ) model version 4.5: sensitivities impacting
model performace: part I-ozone, Atmospheric Envi-
ronment, 41, 9603-9613.

Borge, R., Lopez, J., Lumbreras, J., Narros, A., Rodriguez, E.
(2010) Influence of boundary conditions on CMAQ
simulations over the Iberian Peninsula, Atmospheric
Environment, 44, 2681-2695.

Byun, D.W., Ching, J.K.S.(1999) Science algorithms of the
EPA Models-3 Community Multiscale Air Quality
(CMAQ) Modeling System, U.S. Environmental
Protection Agency (US EPA), EPA/600/R-99/030.

Jang, L.S., Lee, D.G., Yu, J.A., Hong, S.C., Son, J.S., Choi,
J.Y.(2014) Status of PM forecast and improvement
plan, Proceedings of the Spring Meeting of KMS
(Korean Meteorological Society), 2-3.

Jang, Y.G., Kim, J., Kim, P.S., Sin, Y.I., Lee, HJ., Choi, M.A.
(2009) Comparison of Regional PM,, Emission
Complemented Fugitive Dust and Biomass burning,
Proceeding of the 48" Meeting of KOSAE (Korean
Society for Atmospheric Environment), 169-170.

Kim, D.Y.(2009) PM Analysis Using CMAQ in Seoul Metro-
politan Area, Gyeonggi Research Institue, 33-42.

Kim, E.H., Cho, J.H., Kim, S.T.(2015) Variation of gas phase
simulation and PM,, simulated concentration using
initial field - February 2014 case, Proceedings of
the Spring Meeting of KMS (Korean Meteorologi-
cal Society), 56-57.

Kim, E.H., Kim, H.C., Cho, J.H., Kim, S.T. (2015) Analysis
of air quality simulation concentration change using
WRF and UM simulation results, Proceedings of
the Autumn Meeting of KMS (Korean Meteorologi-
cal Society), 837-838.

Kim, J, Jang, Y.K.(2014) Uncertainty Assessment for CAPSS
Emission Inventory by DARS, Journal of Korean
Society for Atmospheric Environment, 30(1),
26-36. (in Korean with English abstract)

Koo, Y.S., Kim, S.T., Cho, J.S., Jang, Y.G.(2012) Perfor-
mance Evaluation of the Updated Air Quality Fore-
casting System for Seoul Predicting PM,,, Atmo-



spheric Environment, 58, 56-69.

Lee, D.G., Kim, S.T., Kim, H.C., Ngan, F. (2014) Retrospec-
tive Air Quality Simulation of The TexAQS-II:
Focused on Emissions Uncertainty, Asian Journal
of Atmospheric Environment, 8(4), 212-224.

Moon, Y.S., Lim, YK., Lee, K.Y.(2011) An Estimation of
Concentration of Asian dust (PM,,) using WRF-
SMOKE-CMAQ (MADRID) During Springtime in
the Korean Peninsula, Journal of Korean Earth Sci-
ence Society, 32(3), 276-293. (in Korean with Eng-
lish abstract)

National Institute of Environmental Research (NIER) (2011)
Example of air quality modeling report based on air
quality modeling guidelines for establishing and
evaluating national air policies, 2-6.

National Institute of Environmental Research (NIER) (2013) A
Study on Improvement and Expansion of Urban
Scale PM Forecasting System (IV), 5-13.

National Institute of Environmental Research (NIER) (2014)
Studies on the optimization method for improving
the accuracy of air quality modeling, 47-61.

National Institute of Environmental Research (NIER) (2017)
The 1" in-depth analysis and information sharing
on the controlling factors for low predictability on
high PM,, episodic cases in 2017 (I), 1-5.

3 27 714 gt SAEA ST o2 MgE 4T 569

Park, Y.S., Jang, I.S., Cho, S.Y.(2015) An Analysis on Effects
of the Initial Condition and Emission on PM,,
Forecasting with Data Assimilation, Journal of
Korean Society for Atmospheric Environment,
31(5),430-436.(in Korean with English abstract)

Peng, G.(2014) What’s the difference between FNL and
GFS?, Atmospheric & Geoscience Research Data
Archive, Computational & Information systemp
Lab., National Center for Atmospheric Research.

Tombrou, M., Bossioli, E., Protonotariou, A.P., Flocas, H.,
Giannakopoulos, C., Dandou, A. (2009) Coupling
GEOS-CHEM with a regional air pollution model
for Greece, Atmospheric Environment, 43, 4793-
4804.

U.S. Environmental Protection Agency (US EPA) (2007) Guid-
ance on the Use of Models and Other Analyses for
Demonstrating Attainment of Air Quality Goals for
Ozone, PM, 5, and Regional Haze, EPA-454/B-07-
002.

Wu, Q., Xu, W,, Shi, A., Li, Y., Zhao, X., Wang, Z., Li, J.,
Wang, L. (2014) Air Quality Forecast of PM,, in
Beijing with Community Multi-scale Air Quality
Modeling (CMAQ) system: Emission and Improve-
ment, Geoscientific Model Development, 7, 2243-
2259.

J. Korean Soc. Atmos. Environ., Vol. 33, No. 6,2017



	CMAQ 모델링을 통한 초기 기상장에 대한 미세먼지 농도 예측 민감도 연구
	Abstract
	1. 서론
	2. 자료 및 연구방법
	3. 결과
	4. 요약 및 결론
	References


