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A Study on Influence of Meteorological Patterns on Data
Assimilation Effect using the Air Quality Prediction Model
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Abstract In this study, the surface measurements of PM, ;s are assimilated into the Community Multi-scale Air Quality
(CMAQ) model using the successive correction method, the cressman weighting method. The surface measurements are
assimilated at model staring time (03 UTC) and the model result predicted 72 hours every day from September 2016 to
August 2017. The prediction performances are measured by the daily averaged, next day after 12 hours “free” run period. And
the effect of the assimilation according to weather patterns are analyzed using the empirical orthogonal function. As a result,
the case that assimilates with the observations has the best performance (I0A: 0.9, R: 0.8, NMB: within +10%). The most
important meteorological factors affecting data assimilation effect are planetary boundary layer height, temperature and
relative humidity in spring and summer, and the location of the pressure trough and the development of strong low pressure
in autumn and winter. It was also found that compared to the model result that don’t assimilate with the observations, the
data assimilation indicate the positive effects in a stable atmosphere but negative effects in the unstable atmosphere.
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i i-th model grid point

j: j-th observation around i-th model grid point
DA: data assimilation value con™: model forecast
con’: observation W:weight R:impact radius

r;: distance between the observation and model grid point

| Domain 1. East Asia (27 km grid resolution)

> . Domain 2. Republic of Korea (9 km grid resolution)

[ North East China (NEC)
[ North China (NC)
’ [0 eastnina (£0)

; X [ centratchina(cc)
[ soutcninasc)

Number of Station— Ghina: 891/ Republic of Korea: 254

Fig. 1. Modeling domains of the coarse domain for East
Asia and the finer domain for Republic of Korea. Location of
the air pollution measurement station for China and Re-
public of Korea used in data assimilation with regional defi-
nitions are shown on the study area.

Table 1. Details of the grids and physical options used in
the WRF/CMAQ model.

D1 D2
Horizontal grid 180 x 142 78 X 93
Horizontal resolution 27 km 9km
Vertical layers 30 layers

WRF Single-Moment

Mi hysi
crophysics 3-class scheme

WRF Radiation (long/short wave) RRTM/Goddard

Planetary Boundary layer YSU
Surface layer option MM5
Land surface option Noah
Cumulus option Kain_Fritsch
Horizontal grid 174x128 67 %82
Horizontal resolution 27 km 9km

CMAQ Vertical layers 15 layers
Chemistry mechanism SAPRC99
Aerosol module Aero5
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(Index Of Agreement) 18|11 J7} A RALE

J. Korean Soc. Atmos. Environ., Vol. 35, No. 1, February 2019, pp.49-59



52 HEHE], GX|=, 0183], MM, T

TSH= R (Correlation) A48 ARESATH LHEA
S =2 NMB+ 00 ZHZ45 I0A%H R 19]] 7712
o5 AA| A4S Bdlo] & Rofshal QI35 ofm|jt
t}. £5] PM, ¢l toliA= NMBZF £30% ©|4i, IOA
7} 0.5, RO] 0.4 oY wf RHO] 452 [,
NMB7} £10% ©]W], R0] 0.7 014 ¢ dfd =dl
o] J5-2 4ottt ATt (Emery et al., 2016;
Hurley, 2011; Willmott ef al., 1985).

A Y A7E floll A ASATe] whE 2
TRAGTH(DA-NoDA)2| WSS HAslo] %27
RPN QAT FOoR $Hoh= AR A
AIZP o2 HoJ5tqlt. 0|9 27| s B Aol
EAE 7102 WEIY] eARFo| e U
‘apdrolet shal, @ A7 ASh= ' (Eyypa > Epa)
W F7Fohe Y (Enopa < Epa)e 242 o] At
o At E AAskH

7]

1 off of

4.2 AN "nEs

CEEEEEEE
(Empirical Orthogonal Function, EOF)+& 4254
(principal component analysis)2] dEC 2 Ho]E <]
W54 470 FXHE (EOFs) ¥} AI{HEE (PC)
2 Hofiol= WHolth EOFR-A2 54 dolHE
eslol WiAloke A2 U H4 e A
Sto] e dloje o] HAE WS Ao zM A

53 HEE Aol maba o= AARIG Eot
1=}

9] e HE S0 2A RN, AT
4] (Canonical Correlation Analysis)Z} 22 TF2 G|

A 719} g=o] 7heshal, ZF alfy WE7L 74 =
=94 oujE Ao 8 4 glolke 2 Aol 1L
fFretrRto 2 & Aol gt Aol Qi

2 Aol A= AR o] AA" HRHX) = Akt
¥ FE 1Y (Covariance, C)= ©]85t] 4 (2)=
TEA 7= 37] BEO] I-3-4] (eigenvalue, ;)2 31
€] (eigen vector, U)E A5 o] AR
2+9] ¥ 2] (The rule of thumb, North et al., 1982)2
o]-g-sto] EOFATE] FAA Fol/dE& A5

&7}eto] M2 7F n T o] 9505 A2 FL7F(Clys,
)7 AFAE o]-§sto] EOFE TS| AbAel @
H

[¢]

C: covariance X: deviation U: eigen vector
L: diagonal matrix with eigenvalues
Clys: confidence interval at 95 percent levels

A;: eigenvalue s: number of data
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Fig. 2. The effects of initial concentration correction (DA-
NoDA) according to the predicted time through data assimi-
lation.
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Table 2. Statistical evaluation between the observation and predicted model result (DA, NoDA) for daily mean PM, s in

Republic of korea during total analysis period.

Spring Summer Fall Winter Annual
DA NoDA DA NoDA DA NoDA DA NoDA DA NoDA
NMB (%) 6.9 -9.7 -0.3 -7.0 -3.2 -9.5 -9.5 -17.5 -1.6 -11.4
10A 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
R 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
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Fig. 3. Variance spectrum of the spatial (a) positive, (b) negative case. Error Bars indicate the 95% confidence interval accord-
ing to Eq (3). The Circle, X, cross points are eigenvalues of Mode 1, 2, 3, respectively.

Table 3.The eigenvalue in Mode 1 for the final selected variable.

Positive Negative
Spring Summer Fall Winter Spring Summer Fall Winter
PBL 41.4 26.7 337 285 45.1 285 41.9 336
TA 70.6 42.8 79.5 372 74.6 48.7 84.5 313
850 hpa RH 16.0 13.0 15.1 227 17.1 17.5 18.0 205
WIND 9.7 13.4 11.9 12.7 9.5 14.9 19.1 19.6
500 hpa WIND 215 16.9 256 225 14.6 209 24.2 38.1
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Fig. 4. Spatial distribution of planetary boundary layer heigh (km) simulated first time after data assimilation over East Asia
for all four season, respectively; (Top) positive case, (Bottom) negative case.
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Positive Negative

850 hpa

Winter

Fig. 5. Spatial distribution of relative humidity (%, shade) and temperature (°C, contours) simulated first time after data assi-
milation at surface and 850 hpa for all four season, respectively; the two columns on the left are positive case and the others
are negative case.
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Fig. 6. Spatial distribution of wind speed (m/s, shade) and direction (vector) simulated first and 25t time after data assimila-
tion at 850 hpa for all four season, respectively; the two columns on the left are positive case and the others are negative case.
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