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Abstract

The aim of this study is to evaluate the accuracy and variability of the oak pollen concentrations over the Seoul
metropolitan region (SMR) simulated by the Community Multiscale Air Quality (CMAQ)-based pollen dispersion
model, which is the CMAQ-pollen model integrated with the improved oak pollen emission model (PEM-oak). The
PEM-oak model developed is based on hourly emission flux parameterization that includes the effects of plant-
specific release, meteorological adjustment, and diurnal variations of oak pollen concentrations. A 33 day-run for
oak pollen simulation was conducted by the CMAQ-pollen model with a 3 km spatial resolution for the SMR
during the 2014 spring pollen season. Modeled concentrations were evaluated against the hourly measurements at
three Burkard sampling sites. Temporal variations of oak concentrations were largely well represented by the
model, but the quantitative difference between simulations and measurements was found to be significant in some
periods. The model results also showed that large variations in oak pollen concentrations existed in time and space
and high concentrations in the SMR were closely associated with the regional transport under strong wind
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condition. This study showed the effective application of the CMAQ-pollen modeling system to simulate oak

pollen concentration in the SMR. Our results could be helpful in providing information on allergenic pollen

exposure. Further efforts are needed to further understand the oak pollen release characteristics such as interannual

variation of the oak pollen productivity and its spatio-temporal flowering timing.

Key words : Oak pollen, Seoul metropolitan region, CMAQ-pollen model, Pollen emission model

.M B

718 gE27] A8S 4ol 8% 37 F
39 (aeroallergens) o2 2+ &ef#] Qlth(Sofiev et al.,
2013). FZoll= 7|15HSIe}E AAE E7HE HAEEY
Z7F 9 L 27])52A (allergenictiy) 2] W3} (Sofiev
et al., 2013; Singer et al., 2005; Beggs, 2004)Z <213}
de27] A wejo 4% dr|EAEIAE H4H
I gtk oy U - 9 dEl=r] A §1 AT
%7} 731} (Healthcare Bigdata Hub, 2014; D’ Amato
et al., 2007; Asher et al., 2006) Z7}% &of tist =
2 ZFZHE-2(Oh et al., 2009a, 2009b; Kim et al., 1999)
Al - BT ZFRREO At ols) W A5 do
4& AlARRT

dE27] Z7FRY Al - I MEd A5 HFE
A7Ee 9US FA0E 20009 WF2 AREoT
(Helbig et al., 2004; Campbell et al, 1999; Corden and
Millington, 1999; Cabezudo et al., 1997; Norris-Hill,
1995). o= At £71F ZUEFAES 54
49| SAS Heksly] 8 27HF ARE Y
o] Ao 2 AStE Il (Efstathiou ef al., 2011,
D’Amato et al., 2007; Sofiev et al., 2006), ©] 3 vj&3F
A4 A4 = 5o QR H8L Fo)
FARYL |87 T SIS A=) ol
A3t} Sofiev et al. (2006)2 SILAM (System for
Integrated modeLling of Atmospheric coMposition) X
9 st AR A9e ez 2718 ZAE
$EE 2T o] F SILAM]| E7H H|[AHA7] 2
ARAE Frhsta AFUE 2718 viE 2eatale
WA 8} T} (Sofiev et al., 2013). Efstathiou ef al.(2011)
2 A= Helbig et al.(2004) 253H41& CMAQ
(Community Multi-scale Air Quality) 2l of 2835}
20024 "l REAYS AeR VIR 2YYES
S35}t Zink er al. (2013)2 7isF & &7 9 o

7SS A B AA 1 &

714+ AEA QL pollen reservoir THA| (o] R&Gl=
@ANE Tdste] wiEF AP 2t AjAdsta
71& COSMO-ART (COnsortium for Small-scale
MOdelling - Aerosols and Reactive Trace gases) =2 2]
=S Bristih

FHolM= 7% T2 A& BRiste 713AR
oko] o] ZAg AR T A7t 2 Y
11 (Oh, 2009; Park et al., 2008), o] & 7|¥te & 7|4}
M= JUE, 22U, A2FE Rdez 715
= SEAS dEE A Fol UTHEKMA, 2016).
At FARAEY X HH A1} s=ghe] gt 22
Aol A3 YT B FFAH dZo AT} 9
t}. 2 Oh et al.(2012)0] &AM 9L Al 2 WRF
(Weather Research and Forecasting Model)-CMAQ-&
olgste] IR 2% mANE A2 Syela 2
2 A B7HE MBS ANE O AU oS
ez SEd A9L gaom 3 FR TR
SABYY LGS FEST A AT 29
%) At} (National Institute of Meteorological Sciences,
2015, 2014, 2013). T3t Lim et al. (2015)= Z2HAE
OS2 AAE o] &5t 7R wiEdE FAskaL, A
=749t UM (Unified Model)-CMAQ 2 d-& o] &3t &+
UF 2718 2d8E f3ste] Sy AEE fF 7]
2477} H e

olZgt T - 9 AFESIA T A=HIL Q=
74E AU g ardg wEe i S8
A s AEE AT £ 5 Uths SHAA
ou|7b At 7| FRstel AANAE n|H ] E7HE
H[AR7 )7L, WAk BISE dl&sta g8 ¢ e T
Q3 BEo|7|% 3}tk (Duhl ef al., 2013; Zhang et al.,
2013). stA|RE 45 A Q1 A=) glof Z7HE Hj
= 749 2944, B9 AT AR A
et 1, AR A SE5S A A&
el 77} BT ol

oM 32

o of

s



CMAQ-pollen 23S

o] Aol Lty dEA A $FolA &
27]4 (allergenicity)o] w2 FIUF £7}FE5 (Oh,
2007; Lee et al., 2006) 2OJ& 4= = $AH vj&=F
293 CMAQ 29 AL, =48 A1 53 At
?—11 717k U 2715 gt gigh st w2 BEd

FPsigict. obgE ditgd W ZUEHE 45
271F =) HluE B8 RdY A9E HEek
T R 271 XA R 7S BUFekT

oo M ml

o2 4HAY BT, BT A
S e
g3 24 715t 53] 1A B
H# &) @714 Al - 33HA WEkE At
| 21o] $23}t}. Helbig ef al. (2004)2 vj&3F 34
of IS ES R 1L, S5, F4E 2

ol o]T oy ZIIFE friekindg ?i—_rL(Efstathlou

0
Y

il O
(e
f

3 =%

il
2
.{

e orr > ox
W o
N

in}

olgT FUT BT A TANE SAme] A HE 33

olN

et al., 2011; Vogel et al., 2008; Sofiev et al., 2006)°]|
AL 9 8Edct. FZo& Siljamo er al. (2013)0]
AR 2718 e e RdAgs B9 §
&, A5, =7 e FA $a% 13 YAdE
AN

2% 12 o] ATolH AN U BT 24
299 o 2453 A2 2gceln Aod
o A YR 2712 2T 2HR Y (PEM-oak)3}
W Qe A WRe 2, 207 0
27129 7] % o), Ak, WANAE Al - B
S A = JEF 4" CMAQ 223l CMAQ-
pollen g 2 LA F T},

H%| PEM-oak+ Helbig er al.(2004)3} Efstathiou et
al.(2011) QoA AAJE ReSAlE o, By
HPE 3T 27189 254 (AE/YS Hahy
717 aax0ke] HAS NAdste] 1etE wiEw Hdo]
of 9 wiEs A R Bxel a7
84E ggste] AAER A4tE) 7|4 R £
= 52 YAE (Korea Forest Service, FGIS)E o]-&3}
of Az FuF WA o= AEHY, AR 7|12, &
T, E& npEE T I A R4 (LAL Leaf Area Index)
+ WRF 29 A28 et

CMAQ-pollen 2492 tfj7] Fo& vi&d T

ﬂodiﬁed WRF-CMAQ modeling systen\
NCAR

The Advanced Research WRF (ARW) Model (v3.5)

* Oak tree density from satellite- /

derived land cover data Pollen Emissions Model Meteorology-Chemistry
= Oak production rate from EM-o0ak Processor (MCIP)
monitoring data / )
i
C\/IAQ ready CM.AQ ready
oak pollen emission meteorolog.lcal inputs
EPA Models-3

Modification of modules
& 1/O processors

Community multiscale air quality (CMAQ) model

Chemical Transport Model (CCTM) (v5.0.1)

L

Hourly 3-D gridded oak pollen
concentrations

/

Fig. 1. Schematic flowchart depicting the modified WRF-CMAQ modeling system linked with the PEM-oak model for

oak pollen simulations.
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Fig. 2. (a) Map showing 9-, 3-km grid nests (D1 and D2) used for CMAQ-pollen modeling. (b) Density (%) of oak trees
from the FGIS digital forest type map. (c) Topographic feature of the Seoul and its surrounding area. The read
dots indicate pollen monitoring sites (P1: Seoul, P2: Guri, P3: Pocheon) and the blue dots indicate meteorologi-
cal monitoring sites (M1: KMA-ASOS, M2: Guri-AWS M3: Pocheon-AWS).
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Fig. 3. Flowchart for calculating the gridded oak pollen emissions using the PEM-oak model.
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Table 1. Evaluation of WRF modeling results: 2-m temperature and 10-m wind speed.
Meteorological Statistical index ASOS/AWS sites for evaluation
parameters (Confidence range”)  gequl (108) Inchoun (112) Suwon (119) Pocheon (504)  Guri (569)
Temperatun MBE (+0.5°C) 124 -261 0.58 -0.17 -0.58
o Epa 1)“ ¢ MAGE (<2°C) 1.68 3.05 145 1.64 142
g IOA(>0.8) 0.93 0.77 0.94 0.95 0.95
Wind speed MBE (+0.5m/s) 0.29 1.05 -0.22 1.15 123
a (l)m apl | RMSE (<2 m/s) 136 172 1.02 1.99 1.84
£ IOA(>0.6) 0.82 0.74 0.81 0.70 0.69

"Confidence range is included in the EPA Draft Guidance on meteorological model evaluation (2009)

0300 LST
19 April

0600 LST

April 18, 2014 18:00:00 UTC
Min (1, 1) = 0.00, Max (25, 30) = 68.00

April 18, 2014 21:00:00 UTC
Min (1, 1) = 0.00, Max (25, 30) = 95,52

1200 LST

1800 LST

April 19, 2014 03:00:00 UTC
Min (1, 1) = 0.00, Max (25, 30) = §9.12

April 18, 2014 09:00:00 UTC
Min (1, 1} = 0.00, Max (25, 30) = 31,59

0.00

Fig. 5. Horizontal distributions of oak pollen emission fluxes (Domain 2) calculated with the PEM-oak in April 19, 2014.
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Fig. 6. Comparison between modeled and measured oak pollen concentrations for the 12 April-10 May, 2014.
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Reference vectors
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