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* Previous studies have reported serious air pollution problems over East Asia
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(Brauer et al., ESNT, 2012)
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(Zhang et al., Nature, 2017)

« China and Korea have been made huge efforts to reduce air pollution through
implementing air quality (AQ) management and control policies, e.g., 2013 Clean Air
Action in China, the SMA AQ Improvement Plan in Korea, and so on

» Korea and China have strengthened international research cooperation to examine the
cause of air pollution via AQ monitoring and modeling

* In 2017, Korea-China Joint AQ research team was established in Beijing



|. Background and Aims ULSAN NATIONAL INSTITUTE OF

2=l SCIENCE AND TECHNOLOGY

I-2. Research goals

Korea-China Joint Air Quality Research Project;
Modeling Part

« To assess the impact of recent Chinese air pollution mitigation
efforts on air quality(AQ) changes, especially ambient
concentration over Chinese and Korean regions, through AQ
modeling approach

* To improve the AQ modeling performance of Korea and China
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lI-1. Overview of modeling study in the project

« Implementation and evaluation of the high resolution(9km * 9km)

different two chemical transportation models (cmAQ, cAmx)
in the Asia domain

« Test model sensitivity to the different emission input datasets (i.e., w
and w/o pollution controls in the Jing-Jin-Ji area in China
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lI-2. Overall procedure of AQ simulations and analyses

1. Establish high resolution modeling systems for the Asian region including China and Korea Peninsula:
grid system of 9 km X 9km
- CMAQ (Korea team) and CAMx (China team)

2. Develop modeling emission inventory (El) data sets for two cases
- Control-case (CON-EI): EI without emission reductions over JJJ
- Sensitivity-case (SENS-EI): EI with consideration of emission reductions

3. Implement the modeling systems for three months: Oct. and Dec. in 2017, and Feb. 2018

4. Assess the effects of emission reductions over JJJ on the air quality in JJJ itself and Seoul
Metropolitan Area (SMA) in Korea
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l1l-3. Meteorological Model Configuration

[I. Results and Implications from the AQ Simulation Experiments

Model

WRFv3.9.1.1

Basic equation

Horizontal resolution
Horizontal grid

Domain structure

Vertical coordinate
Vertical layers

Data assimilation
Cumulus parameterization

TKE closer

PBL scheme
Microphysics
Radiation

Soil layer
Land use type

Compressible,
Non-hydrostatic

9km (880x560 grids)
Arakawa-C

Non-Nested grid

Terrain following height

43

On

Kain-Fritsch (new Eta) scheme

horizontal Smagorinsky first order
closure

YSU scheme

WSM3

RRTM scheme/ Dudhia scheme
Noah land-surface model
USGS EROS (13 categories)

WnNisT

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

WPS Domain Configuration
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Performed FDDA(four-dimensional data assimilation) during WRF simulation (analysis

nudging)
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lll-4. Configuration of Base Emission Inventory

Comprehensive Regional Emissions inventory for Atmospheric Transport Experiments
(CREATE)
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lI-5. Development of Model-Ready Emissions
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lI-5. Development of Model-Ready Emissions (continued)

« CON-EI
Developed by CREATE 2015 Extented
emissions / produced by UNIST

_ PM10

Wz
R

Mean emission flux (tons/day/grid) for 14
months (2016.09 — 2017.03 & 2017.09 —
2018.03)

« SENS-EI
Developed by applying the reduction information in
2017 against 2016 in JJJ / provided by CRAES

Emission reductions in Jing-Jin-Ji area
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Air quality model
Map projection
Model run type
Vertical coordinate
Horizontal resolution
Vertical layers

Gas phase chemistry
Aqueous chemistry

Aqueous phase species

Dry deposition
Wet deposition

Aerosol thermodynamics

Anthropogenic emissions

Vertical Diffusivity

II. Results and Implications from the AQ Simulation Experiments

Korea

CMAQv4.7 1

LCC

Off-line

Terrain following

9km x 9 km (840 x 520 grids)
24

SAPRC 99 mechanism
RADM2 Chemistry

17 rxns, 9 components

RADM2 module
RADM2 module

AEROS

1) CON-EIl: CREATE15 _Ext
2) SENS-EI: Adjusted
CREATE15’_Ext with
reduction info.

ACM?2
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l1l1-6. Configuration of Chemical Transport Model

China

CAMx v6.20
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9km x 9 km (840 x 520 grids)
20
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RADM2 Chemistry

17 rxns, 9 components

WESELYS89
RADM2 module

CF

1) CON-EI: CREATE15 _Ext
2) SENS-EI: Adjusted
CREATE15’_Ext with
reduction info.

ACM2
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lI-7. Evaluation of the AQ simulation results

e CMAQ (Korea team) predictions vs. Beijing In-situ measurements (October 2017)

Inorganic / overall good performance vs. Organic / under-predictions
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Inorganic species (SO4, NO3 and NH4):
about 20-35% overestimation
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lI-7. Evaluation of the AQ simulation results (continued)

[I. Results and Implications from the AQ Simulation Experiments
WUnisT

e CAMx (China team) predictions vs. Beijing In-situ measurements (October 2017)

Inorganic / over-predictions vs. Organic / good performance
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Inorganic species (SO4, NO3 and NH4):
about 120 — 190 % overestimation
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lI-7. Evaluation of the AQ simulation results (continued)

e CMAQ (Korea team) predictions vs. In-situ measurements @ Beijing, Baengnyung, and
Seoul (Oct. & Dec. in 2017, and Feb. 2018) - Large bias errors in OM

* OM fractions in PM, s mass: ~33% in Beijing, ~20% in Baengnyung, and ~27% in Seoul
Need to improve OM simulation capability !!

Beijing Baengnyung Seoul

Variable OBS MODEL MB NMB Variable OBS MODEL MB NMB Variable OBS MODEL MB NMB
Month S r Month (ug/ ) r Month (ug/ ) r
(wg/m) | ean | M | mean n (ug/m) (%) Hg'm mean n mean (/)| (%) Hg'm mean n mean n (e/m’) | (%)
PM; 5 61.66 29 35.17 31 -26.49 -41.2 | 0.80 PM;5 15.43 741 4.05 744 -11.38 | -73.7 0.66 PM;5 17.74 742 5.20 744 -12.54 -70.7 | 0.44
S04 281 | 29 | 368 | 31 0.88 346 | 0.78 S04 167 | 688 | 147 | 744 | -020 | -86 | 0.76 S04 204 | 576 | 111 | 744 | -182 | -62.4 | 0.34
NO3 9.84 29 11.50 31 1.65 20.3 0.81 NO3 1.12 688 0.11 744 -1.00 -89.5 0.46 NO3 2.06 576 0.94 744 -1.12 -62.8 0.31
NH4 29 31 1.12 345 | 0.82 NH4 688 744 | -0.31 | -36.2 | 0.68 NH4 576 744 | 128 | -68.7 | 0.32
2017.10 3.63 475 2017.10 0.81 0.50 2017.10 1.94 0.66
EC 128 |29 11 | 3 0.42 36.5 | 0.31 EC 063 | 710 | o9 | 744 | 044 | 702 | 053 EC 137 | 113 | o4 | 744 | 091 | -643 |-0.01
OM | 1464 | 20 | 447 | 31 | -10.17 | -68.6 |0.58 OM | 337 | 710 | 965 | 744 | 272 | 80.7 | 0.51 OM | 908 | 113 | 978 | 744 | -8.31 | -88.9 |-0.36
REST | 506 | 29 | 896 | 31 3.90 83.6 | 0.64 REST | gs6 | 657 | 103 | 744 | 047 | 845 | 052 REST | g55 | 331 | 114 | 744 | 059 | 326 | 040
SEASALT | o338 | 26 | 909 | 31 -0.29 -71.6 | 0.08 SEASALT | 63 | 688 | o190 | 744 | -0.53 | -83.2 | 0.1 SEASALT | ND 0 0.10 | 744 ND ND | ND
PM;5 41.08 | 30 28.04 31 -13.03 -30.9 | 0.60 PM;s 22.17 742 4.63 744 |-1754 | 791 0.57 PM;5 30.59 744 12.11 744 -18.48 | -60.4 | 0.32
S04 173 | 30| 136 | 31 -0.38 2205 | 0.55 S04 oo | 688 | gog | 744 | -067 | 405 | 036 S04 343 | 686 | 103 | 744 | -2.40 | -69.4 | 0.48
NO3 344 | 29| 675 | 31 331 102.6 | 0.80 NO3 ses | 688 | 1q0 | 744 | 156 | -s9.4 | 059 NO3 877 | 686 | 450 | 744 | -4.18 | -485 | 033
NH4 161 | 30 | 247 | 31 0.86 55.9 | 0.80 ) } NH4 450 | 686 | 178 | 744 | 272 | -60.6 | 0.44
01712 01712 NH4 127 | 688 | o65 | 744 | -0.62 | -49.5 | 0.63 2017.12
EC 131 | 30 | 181 | 31 0.50 | 396 | o021 EC 090 | 700 | o145 | 744 | 075 | -836 | 0.61 EC | 113 | 648 | g91 | 744 | 022 ) -179 | -0.10
OM |1595|30 | 773 | 31 | 822 | 513036 OM | 499 | 700 | g.g0 | 744 | -4.19 | -83.8 | 0.62 OM | 768 | 648 | 1.60 | 744 | -6.08 | -78.7 | 0.07
REST | 402 | 30 | 789 | 31 2.96 62.5 | 0.36 REST | 75 | 646 | oo | 744 | 0.11 | 136 | 0.64 REST | oo | 664 | 197 | 744 | 099 | 1037 | 0.03
SEASALT | 2.31 | 30 | 0.05 | 31 227 -98.0 | 0.36 SEASALT | 054 | 688 | 007 | 744 | -047 | 867 | 031 SEASALT | go3 | 686 | g22 | 744 | 070 | -754 | 034
PMys | 52.67 | 27 | 2846 | 28 2421 | 456 | 0.80 PMas | 2420 | 660 | 701 | 672 |-17.19| 719 | 076 PMys | 2757 | 672 | 1277 | 672 | -1480 | 537 | 0.60
SO4 602 | 26 | 131 | 28 4.7 717 | 0.87
) : S04 308 | 601 | 141 | 672 | -1.67 | -62.9 | 0.82 S04 326 | 644 | 143 | 672 | -1.83 | -56.1 | 0.86
NO3 871 | 26 | 599 | 28 272 2283 | 0.82
. . NO3 356 | 601 | 135 | 672 | -2.22 | -66.4 | 0.41 NO3 557 | 644 | 410 | 672 | -147 | 264 | 038
NH4 436 | 27| 223 | 29 2,13 -46.8 | 0.88
2018.02 : : NH4 1.83 601 0.89 672 -0.94 -58.7 0.75 NH4 3.23 644 1.75 672 -1.48 -45.7 0.64
EC 114 | 27| 204 | 28 0.90 81.0 | 0.44 2018.02 2018.02
g . EC 055 | 393 | 927 | 672 | -029 | -64.0 | 0.58 EC 089 | 469 | oss | 672 | -0.01 | 3.7 | 027
oM 27 28 -9.94 -53.0 | 0.68
e OM | 377 | 393 | 130 | 672 | 237 | -71.0 | 0.64 OM | 787 | 469 | 203 | 672 | -5.84 | -745 | 0.49
REST 9.13 27 7.93 28 -1.19 -13.0 | 0.23 - — — -
. . REST | go99 | 577 | 148 | 672 | 048 | 302 | 035 REST | go7 | 615 | 234 | 672 | 138 | 1431 | 044
SEASALT | 2.71 | 27 | 018 | 28 2.52 93.0 | 0.39 : ’ y -
SEASALT | 1.09 | 601 | 0.22 | 672 | -0.87 | -79.7 | 036 SEASALT| 0.75 | 644 | 023 | 672 | -052 | -68.9 | 0.68
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lI-7. Evaluation of the AQ simulation results (continued)

e CMAQ (Korea team) AOD vs. GOCI AOD (Oct 2017 case)

Need to consider other emission sources

(BVOCs and unidentified sources) r

ic SO 7
b\oge“ tries
Model AOD GOCIAOD el indus
) AOD (1/Mm) ~ A‘:(‘)D (1/Mm
' .12 1 1.2
50°N |~ 112 SN L m1-1.2
0.9 -1 0.9 -1
0.8-0.9 : 0.8-0.9
07-0.8 /‘/c 0.7-0.8
0N 06-0.7 0N 06-0.7
0.5-0.6 0.5-0.6
04-05 0.4-05
03-04 0.3-0.4
W 0.2-0.3 - B 0.2-0.3
30°N EmO0.1-0.2 307N T EN0.1-02
. < 0.1 <01
0.0 0.0

110°E 120°E 130°E 110°E

130°E

« Lower CMAQ AOD than GOCI AOD, especially over the north eastern China regions -
the possibility of underestimation in PM sources in El and missed new emission sources

* Need to include new organic aerosol sources (BVOC emissions) into El and to
cooperate with Chinese researchers to update El information over the northeastern part
of China

*For CMAQ AOD, IMPROVE 2007 algorithm (Hand et al., 2011) was adopted.

*GOCI: The Geostationary Ocean Color Imager
16
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lI-7. Evaluation of the AQ simulation results (continued)

e CMAQ (Korea team) PM, s mass conc. @ more than 1500 monitoring sites in China

and Korea (Oct. & Dec. in 2017, and Feb. 2018)

Need to improve meteorology over Korean Peninsula

CMAQ PM2.5 (2017.10) o CMAQ PM2.5 (2017.12) CMAQ PM2.5 (2018.02)

— |
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NoDatz (*J' «"’“7 < ( / NoDatz NeDat
we = =
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i L . @ 5 0.3-04 rant Tor 03-04 03-04)
N e 4 £ N : > A ) . 3-0
i ‘\;'3:3‘).3’\ e 02-02 s ‘\7\‘,'3’-’ ;. I 02-03 02-03
K )7 %
AR ale o ] +0.1-02 q’ ] v 01-02 +01-02)
[ ' ;,g"\j;} % P o <01 ;Jr'f‘ M4 ,\}k}»" s . <01 <01
Fad 9 & ¢F Y NcData L fale IR iw [ NoDsts NoDsts
e e T e e e T e

BTH, Shandong and
Shanghai areas in China:
overall good performance
Overall better predictions
of PM2.5 in China than the

Korean peninsula
- lower biases and higher
temporal correlations
over BTH, Shandong and
Shanghai areas in China
Lower temporal
correlations in Korea in Oct
and Dec 2017
- meteorological(met.)
variables are important
factors (e.g., wind speed)
- not easy to improve met.
predictions in the Korean
peninsula with complex
geomorphology (e.g.,
West Sea and complex
terrain)
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II-8. China emission reduction effects

e Impact of emission reductions in JJJ on PM, 5 in China and surrounding countries:
monthly mean and high episode mean

Monthly averaged effects (PM2.5)
: about 5%-30% decrease over JJJ, China and only 1-5% over Korea

The long-term averaged effects are mainly on China.

Oct 2017 Dec 2017 Feb 2018

PM2.5 change ([[SENS]-[CON]]*100/[CON]) PM2.5 change ([[SENS]-[CON]]*100/[CON]) PM2.5 change ([[SENS]-[CON]I*100/[CON]I)
517 A ngp s . 517 v A : 9 — ; .
1 ¥ : ! A0 ; 50 E B D o P LA ; 50 % 5 2 IS ¢ TS ; 50
47 20 474 j : 40 474 - ' / ) 40
30 2 A 30 .
431 20 431 20 431 J 38
388 16 388 16 388 16
12 12 12
45 8 345 8 345 E]
- 4 3 4 i
302 1 302 1 302 ?
259 =0 259 * 0 250 =0
-0 -0 -0
216 1 216 -1 16 -1
173 -4 173 -4 -4
-8 -8 -8
130 -12 130 -12 130 -12
; -16 a7 -16 -16
8 220 -20 87 -20
a4 -30 a4 -30 a4 -30
-40 -40 -40
14 . - ; s . : - -50 17 r r T . T . T -50 14 . - - - - - - -50
1 106 211 316 421 526 631 736 1 106 211 316 421 526 631 736 1 106 o1 316 421 526 631 736
October 01, 2017 00:00:00.000 UTC December 01, 2017 00:00:00.000 UTC February 01, 2018 00:00:00.000 UTC
Min {507, 266) = -30, Max {127, 358) = 5 Min {507, 266) = -30, Max {112, 357) = 9 Min {507, 266) = -29, Max (232, 379) = 31
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[I-8. China emission reduction effects (continued)

e Effects of emission reductions in JJJ on PM, 5 in China and Korea:

High concentration episodes:

* high episode: the case that PM2.5 mass conc. 75 ug/m’ or more lasts more than 4 hours

only JJJ vs. JJJ and SMA Korea

The effects during high concentration events are significant

on both China(~50%) and Korea(~25%).

High episodes only in JJJ (20 cases)

* Oct 2017 (9 cases): about 3-50% decrease over
JJJ, ~17% over South-Korea, 3-17% over North-
Korea

* Dec 2017 (4 cases): 7-40% over JJJ, up-to 20%
over South-Korea

» Feb 2018 (7 cases): 7-50% over JJJ, up-to 25%
over South-Korea

(Example)

2017/10/24 23:00 - 10/28 3:00 (duration: 77hrs)

PM2.5 ([CON]) PM2.5 change
. 1

7-40% reductions over JJ] (maximum ~ 21 ug/m
reduction), 1-15% reductions in South-Korea

... both in JJJ & SMA Korea (3 cases)

* Dec 2017 (2 cases): about 7-40% decrease over
JJJ, upto 20% over South-Korea

* Feb 2018 (1case): 10-90% over JJJ, 1-7% in South-
Korea

(Example)

JJJ: 2017/12/23 9:00 - 12/23 19:00 (duration: 11hrs)
SMA: 2017/12/23 10:00 - 12/23 16:00 (duration: 7hrs)

PM2.5 ([CONI]) —

5-50% reductions across Hebei-Tianjin (maximum ~
25 1g/m reduction) (whereas, 3-15% increases in
some locations), 1-20% reductions over South-Korea
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1) Improving model performance
- do model simulation for the
- Conduct multiple experiments by considering the lessons from previous works

+ To improve OM simulation
1) adding biogenic emissions and other new emission sources
2) including GEOS-Chem modeling in addition to CMAQ and CAMx
3) applying the latest version of CMAQ (v5.x with up-to-date SOA science module)

+ To improve meteorology
1) Use various sets of re-analysis data (e.g., ECMWEF) for IC and FDDA

2) Expanding modeling period
- new time period : Oct. & Dec. in 2018, and Feb. 2019

3) Continuing to assess the impacts of the recent emission controls in China(JJJ) on the AQ
over China and Korea
- quantify the effects (%) of the recent Chinese emission control policy
(e.g., Air Pollution Prevention Action Plan)
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llI-3. Emission inventory with new data

* New reduction information into emission inventory (El)
CON-EI: El without emission reductions SENS-El: El with emission reduction rates in JJJ

(CREATE2015_Extended) China in 2018 (CON-EI * 2018 Reduction rates)

« Addition of biogenic emissions into El with an aim to improve OM prediction

Biogenic emissions modeling

. . . . with MEGANv2.1 (Guenther et al., 2012)
Anthropogenic emissions processing

SIE = y1E Int diat
JS co E‘ ;l 2I|‘ j E) Input c';lj:r::i‘;:se Emission response Output
algorithms
N o ST ! = o.- SOURCE Leafage | ! [Leafage
! Sp:ztlal alloca)tlon | vy DENSITY: model N algortsin |\
COSTCY ; LAI
1
:_: ~ 2752 sub-regions Canopy Lightand
o environment =iyl temperature  [—H
Source-sector mappin WEATHER: del A -
I ppine forthe SENS-EI solar radiation o algorithm Time
1 (SCC code) " : [ resolved
[ processing temperature & =
FiGTEtiFa Above-canopy gridded
Anthropogenic q High luti environment r—— BVOC
oIl moisture ——
emission inventory Regional EI 121 resofution SMOKE-Ready EI coz algorithm | 1] | EMheson
(ED) (1% level) EI (2" level) (IDA) concentration estimates
| Cc0o2 1
1 Projection parameters SOURCETVPE algorithm
1 H
! (optional) PFT and species
= compositi‘;n Landscape average
emission factors
.....
Maste SMOKE
D o processing

Model-Ready EI
(Gridded and hourly)

Base El for the
CON-El processing

Merging
(Anthropogenic +
biogenic emissions)
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Expected to increase OM formation by adding biogenic emissions

WnNisT

ANTHROPOGENIC EMISSIONS

monoterpene

BIOGENIC EMISSIONS

cloud water

W SV_TRP2
p.NO2 AISO1, AISO2

/‘OH.O_‘, or NO,

/| SV_ISO1, SV_1S02

AISO3

l

EMISSIONS

A

VOCs

EMISSIONS

-OH accumulation-mode
| long _———— | SV_ALK organic PM
alkanes
.OH/NO SV_TOL1
P g
SV_TOL2 AALK
1 high-yield
aromatics | “OH/Hp, ATOLI, ATOL2 AORGC
SV_XYL1 |
> low-yield |-OH/NO ’ SV_XYL2 “?OLGA ‘ 5 ‘OH
aromatics AXYLI, AXYL2 ATOL3 E
“OH/ ‘HO, ' K
? : AXYL3 5
| ABNZI, ABNZ2
SV_BNZ1 ABNZ3
OHMNO SV_BNZ2 POA | alyoxal
_-benzene methylglyoxal
- O 1O, ATRP1, ATRP2 | — ¥ AOLGB

EMISSIONS

A

Schematic of CMAQv4.7 SOA module (Carlton et al., 2010)

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY
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llI-4. OM simulation experiment

Employment of GEOS-Chem

» Perform GEOS-Chem modeling with anthropogenic emissions that used in CMAQ

» Comparison of the simulated organic aerosols (OA) by GEOS-Chem with these by CMAQ in China
» Perform quantitative analysis regarding OA simulation issues

« Comparison of various OA schemes that tried in the previous study, such as KORUS-AQ

« Attempt to improve OA performance based on the modeled results and in-situ measurements

Input meteorological data
NASA GEOS fields, 1980-present
0.25°x0.3125° or 0.5°x0.625¢°, 72 vertical levels

GEOS-Chem solves 3-D chemical continuity equations
on global or nested Eulerian grid

=3

Modules W iy
* emissions
» transport
* chemistry
» aerosols
* deposition

Applications

| » [ Model adjoint

* Tropospheric and stratospheric chemistry+aerosols, aerosol microphysics,
carbon gases, mercury, POPs, isotopes...

* New major version releases every year: version 12.0.0 (June 2018) includes
updated chemistry for SOA, isoprene, halogens, mercury, new emissions...

+ Grid-independent architecture for MPI and coupling to Earth System models,
transparent to GEOS-Chem Classic users

Source: Jacob D., 2017 26
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llI-4. OM simulation experiment (continued)

Employment of GEOS-Chem

Secondary organic aerosols in GEOS-Chem

« parent hydrocarbons + OH, O3, NO3; »—>——— y SOA (y: SOAyield)

gg{gme pzla_lrgnt VBS aSgCi)r% SVPOA u@?;ged additional description
Pye ;Z?S;igz’ o y y GC default (complex) SOA
aromatics scheme
Simple SOAP — SOAS (t5op=1day)
SOAP % y y SOAP directly emitted proportional
(lumped) to CO (SOAP;.i/C0O=0.069 g/g,
SOAP,iomass/ CO=0.013 g/g)
isoprene stronger production (wall-corrected
Hodzic terpenes, erIdS) .-
aromatic’s O X O faster and additional removal
S/IVOCs ’ (updated Henry’s law coeff.,
photolysis, oxidation)
;Z?p;igz’ chemical aging of aromatic SOA
Jo O e X semi-volatile POA with VBS
S/IVOCs ’ (further oxidizes POA)
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Major components of PM in observations
- indicates the need of considering organic sources
Seoul (2016)

W Black carbon H Nitrate M Sulfate B Organic (POA+SOA) DC-8
(airborne)
Pittsburgh, PA PSP, NY  Chebosue  eginpurgh, uk (wm::'?'““‘(';u‘::m 9, TORCH 1, UK TORCH 2, UK "F‘m:"‘; g‘:ﬁ‘ Taunus, Germany 14%
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5. 150 150 )
33 70 —+70 3E
g 5 : - é E
s S » 60 s E Wolgok
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o %
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§° 31
n

19 pg/m’ "o 40 24 pgim? 3
g —0— 30 z2
2 v
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- - L) ‘ I . y ! ’
@ o L et ) Y B o
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£ t2pgm’  13pgm’  Ipgm’  28pgm’  eSugm’  1Spgim® 23 pgim’ 1 pgim® 13 pgim® 13 pgim® 13 pg[m’A;;; (ground)
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Mexico City Duke Foren OffConl NE Mace Head Jungfraujoch Chejulsland Okinawalsland Fukue Island
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(Example) GEOS-Chem // Evaluation of simulated OA concentrations

Comparison with airborne (DC-8) o Pre PR .. Simple ;
observations over Seoul NMB=-0.58 NMB=-0.31
40 - R=0.63 40 - R=0.46 .’
8 y L L L - slope=0.34 1 ¢ slope=0.66
+ Obs (DC_S) 7 883 30 ’,r’ 30 o ¢ ”,’
— Py T Lo o
501 L AT o L’
. B oo ¢ 96
— Simple 20‘ “%@‘91323:??9 - f
6 — Hodzic — 133 o So 5 & S
— JO i 10 @
234 280" ¢ §
-l 0 4
L
{245 a 40 50
£ Q Hodzic
~ 253 > 50 . . ’ -
NMB=0.03 A B
A 343 40 - R=0.67 ’
slope=0.97 H 4
569 ° - of voo e
og ooti"ﬂ ® 0 o 3
935
2
| 1885 =
220 *"NMB=036 1
2691 " R=0.70 j
slope=1.35 | 0
3 . A4 Alt [km]
0 S 10 15 0 10 20 30 40 50 40 50

OBS (DC-8)
OA (POA+SOA) [ug/m?]
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(Example) GEOS-Chem model simulation during KORUS-AQ

Model configuration and observations (KORUS-AQ At#l)

GEOS-Chemv12 (v10forJo SOA scheme) simulation period: 2016/05/01 —2016/06/10
Horlzorftal Meteorology Blc.»ge?nlc Anthr?p?genlc Blom.ass PBL mixing
resolution emissions emissions Burning

0.25°x 0.3125° KORUS v2.0 , non-local
(nested) GEOS-FP MEGAN v2.1 (East Asia) GFED4 (daily) mixing (VDIFF)

K.R!-l AQ Q 2‘,?51?2?,'“'22?;‘.” Research @ Korea-US Air Quality field campaign

Airborne sampling Satellites (May'J une 20 16)
- provides critical view for evaluation y ) - provide broad coverage, continuity
strategies in connecting ground-based - but it needs reliable information on ° Inte rn atl ona | COO pe rat|Ve 3 | r q ua I |ty
and satellite observations near-surface exposure. t h I d K
- Short term KORUS-AQ Goals moni Ol’lng campalgn ne in Korea
I bility for satellit t
) "sensingofairqualty = « Extensive surface ar?ﬂ au'borne I
- S * Better understanding of the factors T
g~ —> | Betterunderstanding — 7 mealsq[ rementde|tt 0 Igh tempora
* Test and improve model simulation of resolutions conducte
air quality
3 _ * Airborne measurements (20 flights
Ground monitoring 1 ) ide Ai Mc;delfmg ti d on boa rd DC 8 d | Irc raft)
- It will continue to be the primary method prow. e Alr q}xa ity forecasting an
warning service

for monitoring exposure.

i< limi =i-—./*  -butitneeds reliable information on * Ground measurements at super sites
- Coverage is limited. ﬂ =F

emission inventory and so on.
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l1l-5. Meteorological model experiment

Test of WRF model sensitivity to the different input data
» Investigation of the model accuracy when applying different reanalysis input datasets to the WRF-

FDDA(Nudging)
~~NCEP 1° x 1°, GSF 0.25°x 0.25°, ECMWF 1.125° x 0.703°, etc

(Example of applying NCEP 1° x 1°)

CTL FDDA CTL FDDA
r =040, P < 0.001 r=0.67, P <0001 r=0.83, P <0001 r=092 P < 0.001
RMSE = 1.78 RMSE = 0.81 RMSE = 3.07 RMSE = 2.35
o 1: ] Wlnd Speed 2 Fooa Zz :% Tempe rature -
(e ] ; 20 f
GE)‘ E 6_, 15
o ) 10 ]
5_
1 - 0-0100 10-0400 10-07 00 10-10 00 10-13 00 1(;:;00 10-1900 102200 10-2500 10-28 00 10-3100
CTL FDDA CTL FDDA
r=023 P<0001 r=0.65P<0001 r=0.75 P < 0.001 r=094, P <0001
RMSE = 2.22 RMSE = 0.96 RMSE = 3.57 RMSE = 1.80

Wind speed 0| - Temperature e

Seoul

10-0100 10-04 00 10-0700 10-1000 10-1300 10-1600 10-1900 10-22 00 10-25 00 10-28 00 10-3100
time time
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l11-6. China emission reduction effects

Synthesis of previous and new results to derive a comprehensive conclusion base on
the synthesis of previous and new results

Monthly average effects: ?77?7?77?7

Effects during high episodes: ?7?77?7?77
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