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Abstract

This study provides an evaluation for capability of Integrated Climate and Air quality Modeling System
(ICAMS) on future regional scale climate projection.

Temperature and precipitation are compared between ground-level observation data and results of regional
models(MM5) for the past 30 years over the Korean peninsula. The ICAMS successfully simulates the local-scale
spatial/seasonal variation of the temperature and precipitation. The probability distribution of simulated daily mean
and minimum temperature agree well with the observed patterns and trends, although mean temperature shows a
little cold bias about 1°C compared to observations. It seems that a systematic cold bias is mostly due to an
underestimation of maximum temperature. In the case of precipitation, the rainfall in winter and light rainfall are
remarkably simulated well, but summer precipitation is underestimated in the heavy rainfall phenomena of
exceeding 20 mm/day. The ICAMS shows a tendency to overestimate the number of washout days about 7%.
Those results of this study indicate that the performance of ICAMS is reasonable regarding to air quality

predication over the Korean peninsula.
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Fig. 1. Schematic diagram of ICAMS (source: NIER, 2010).
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Fig. 2. Domains and topography (m) for the mother (54 km grid spacing) and nested (18 km) simulations.

7187 olZel Rodt 1Y Amg AT o
g2 AFaF o)A 1 gJc}(Lamet al., 2011; Chenet al.,
2009; Liao et al., 2009; Cheng et al., 2007; Gustafson
and Leung, 2007; Mickley et al., 2004).

2 A7) AAFE AF ol 3E 3 0
sl A= 54km (115x 75)9] =4z} *3% (mother
domain)e] o Zo] St AR 27N F
ek A4 W (1-way double nesting) o2 4=
Ha A= 18km (49x 73)¢]l ‘b= << (nested
domain) o %o S} (13 2). F 4 wE o
Aoz 23/ Z2 sigmalevels 7}X] 2 9o, ﬂ17]
F)7]%= 50hPaz. Agstele madlel 34 9] -

o:lcd

£ 110°N, 33°Eo|n] =47} ool 36029 45—
A7t A ez A 304 (1971~2000)¢l =] L
time dicerung 43 3}3ich =X AR} oo =3k =
4gt AEAZE 7HAZ 717k A3 o E&& 3
o}.

2.2 MY 9 o xi2

e Aojo] g ICAMSS] 7]
24 H7he $18te] 97 304 (19714 ~ 20004)e

P& S)oich F AL 7075
= o)5he MM5 o] 27)akw} A 27

HEe 311
= &1\

=) 7)373 55 %] A28 A1 65

she gl we TRk A9 L(NMMS)S 715 A
oz 25° x2.5°NCEP ]2 2= (NCEP/INCAR
Reanalyss data; NRA)E o] §31e] 27143} #7=
AL st Ageln, A3 2(CMM5)= ICAMSS]

&4 AHEE AT Afe= ICAMSY AT 715
o5& Sk CCSM3 Aas At Adeld.

NRA z}2¢} CCSM3 A= 9=, A, 929 #H=
Wash wezke) W QA3 5 s o
M 7S F3 MM5el| xRt gl (Choi et al.,
2011).
£ 12 T AYER AL 99 A48 B2 3
224 7 A= 9 AH87IRke Yehla gl
71 74=% 98] A1&% A== European Centre for
Medium-Range Weather Forecasts (ECMWF) Interim
Reanalysis Data(ERA) £} NRA A}z o|n, 7}4eF A=
< 98] AFE-E A2+ NRA¢ CMAP(CPC Merged
Analysis of Precipitation)o]t}. =3t 3= x]eje] 7]
F A% SN TR B2 x}i—e— Hew
3}71 wj oll, 713 AN Al gshe A1 RE4
ASOS (Automatic Synoptic Observation System) #=
Aes FrhHez ARgERvh & ATl A=
ASOS kg 77 304 58 AEH ez EAsh=
6N A4 BS54 (T 3 AsrtE Aoz sigle

W 49 Q A d AV 2 A B5E AE




U7 AEE A% 1F - AR B

241229 (ICAMS)2] 7]& 1l 7

Table 1. Observational dataset used to compare the results of model.

Variable OBS data name Spatial resolution Period of record
ERA-Intrim 1.25° x1.25° 1979~ 2000 (22yr)
Temperature NRA 25° x25° 1971~ 2000 (30yr)
ASOS 61 station 1973~ 2002 (30yr)
CMAP 25° x25° 1979~ 2000 (22yr)
Precipitation NRA 25° x25° 1971~ 2000 (30yr)
ASOS 61 station 1973~ 2002 (30yr)

Table 2. Definition of the indices based on temperature and precipitation index used in this study.

Variable Category Definition
Tmax > 23°C days Number of days with Tmax above 23°C
Temperature index Hot days Number of days with Tmax above 30°C
Frost days Number of days with Tmax below 0°C
Precipitation days Number of days with Precipitation above 1 mm/day
Precipitation index Washout precipitation Number of days with Precipitation above 10 mm/day
Heavy precipitation Number of days with Precipitation above 20 mm/day
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Fig. 3. The geographical location of 61 ASOS stations and
topography (m) used for the assessment of the
model performance over South Korea.
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Table 3. Annual and seasonal temperature for the simulated results and ASOS observation data of the surface air
temperature on Tmean, Tmax and Tmin from 1971 to 2000 (Units °C).

Annual MAM JIA SON DJF
OBS 12.4 11.6 235 14.0 0.5
Tmean NMM5 11.6(—0.8) 105(-1.1) 225(-1.0) 13.4(—0.6) 0.1(-0.4)
CMM5 11.1(-1.3) 9.7(-1.9) 22.3(-1.2) 13.1(-0.9) -05(-1.0)
OBS 179 17.6 28.1 19.9 5.9
Tmax NMM5 15.8(-2.1) 15.3(-2.3) 26.8(—1.3) 17.7(-2.2) 3.4(-25)
CMM5 15.2(-2.7) 14.2(-3.4) 26.5(—1.6) 17.4(-2.5) 2.8(-3.1)
OBS 7.6 5.9 19.6 9.0 —-4.2
Tmin NMM5 7.7(+0.1) 5.9(0.0) 18.5(—1.1) 9.4(+0.4) —2.8(+1.4)
CMM5 7.3(-0.3) 5.4(—0.5) 185(—1.1) 9.0(0.0) —3.7(+0.5)
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7. Annual cycle of monthly-average surface air temperature (°C) in South Korea from 1971 to 2000. (a), (b) and (c)
is mean, maximum and minimum value, respectively.
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Fig. 9. (a) CMAP, (b) NRA, (c) CCSMS3, (d) NMMS5 and (e) CMMS5 indicate spatial distribution of simulated results and obser-
vation in summer (JJA) for precipitation amount (mm/month) over East Asia (mother domain) from 1979 to 2000.
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Fig. 10. Same as Fig. 9, except for DJF.
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Fig. 11. Same as Fig. 9, except for nested domain.
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Fig. 12. Same as Fig. 9, except for DJF and nested domain.
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Fig. 13. Spatial distributions of annual total precipitation over South Korea during 30 years. (a) OBS shows the results
of ASOS from 1973 to 2002. (b) NMMS5 and (c) CMMS5 are the results of model simulation from 1971 to 2000.

Table 4. Annual and seasonal mean value of ASOS obser-
vation and simulated results for the precipitation
amount from 1971 to 2000. ( ) indicates the dif-
ference between observation and simulated re-
sults. Units are in millimeter.

Precipitation  Annual DJF MAM JIA SON
OBS 13089 1016 255.9 694.7  256.7
NMMS5 9838 1144 1705 5127 186.2

(—325.1) (+12.8) (—85.4) (—182.0) (—70.5)
CMM5 12127 1558 3585 4915  206.9

(-962) (+54.2) (+102.6) (—203.2) (—49.9)
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Fig. 14. Annual amount and monthly variation of precip-
itation from 1971 to 2000 for observations (OBS:
black) and MM5 simulations (NMM5: red and
CMMS: green).
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Fig. 15. PDF of the distribution for precipitation in South Korea from 1971 to 2000 for (a) monthly precipitation amount

and daily precipitation ((b): summer and (c): winter).
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Table 5. Comparison between observation and model result on the 30-year averaging (a) occurrence frequence (day)
based on temperature and precipitation over South Korea. (b) indicates the growth rate. Units are in day/10yr.
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