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PM pollution episodes are increasing in Korea?

Beijing smog day( 14 Jan., 2013)

Korean smog day( 17 Jan., 2013
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National air quality forecasting service
commenced since 30 Aug. 2013

PM Pollution Episode in Seoul
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A

QP e NAQF overview

v Target PM,, PM, ., Ozone
pollutants

- Past : six regions - |

v Target Area
- Present : 10 regions

- Future : 17 regions

v Time

Outline

- Four times per day

o
-5,11, 17, 23 LST = JERES =

v Evaluation Periodic report: Weekly and monthly evaluation

of forecast accuracy

- Spot report: Intensive analysis of pollution event




First step- Observation

Observation, collection and analysis of National and Asian air quality

Asian real time data collection

Real time data collection from
1000 sites in 74 Chinese cities
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| Background 6

|| Rural 15

B Urban 233

B Roadside 29

M Photochemical pol. 15
W Hazardous pol. 31

|| Acid Deposition(AT™) 38
| Acid Deposition(wef) 38

| Acid Deposition(dry) 38

| Visibility 4

| Greenhouse Gas1

|| Heavvy Metal 48

@ Multi-pollutant

J Super Site

Monitoring network
(11 network/469 sites)

Satellite observation
AD-Net LIDAR (20 units) (coms, MODIS,

MTSAT, NOAA)



Super site network (6 supersites)
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Operational monitoring Iitems (Aerosol Mass & Composition)

PMy,

PM;

Size
Distr.

Single
Particle
analysis

Optical
Property

Mass

Mass

Ion

OC/EC

BC

Element

(MetOne, BAM1020

(MetOne, BAM1020)
(URG, AIM9000D)
(Sunset, OCEC analyzer)
(Magee, AE31)

(Cooper, Xact620)

0.002~0.020um (HCT, Nano DMA)
0.01~0.5um (TSI, SMPS 3080)

0.5~20um

Size, Ion, Organics etc.
Soot

B
B

SCa

abs

(TSI, APS 3321)

(DMT, SP2)

(TSI, Nephelometer 3563)
(Magee, AE31)

Aerosol LIDAR (IfT, Polly)
Profile Sunphotometer (NASA)
PANDORA (NASA)
PM, . (APM, PMS-103)
PM, ¢ (Sibata, Hi-Vol)
gAa”“ﬁ' PMyq (APM, PMS-103)
AMPINg 15p (Tisch, TE-5000)
MOUDI (MSP, 110)

(Aerodyne, ToF-AMS)



Second step- Model

Numerical model

Numerical
m 7 ik prediction
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Model operation (Meteo. + Emis. + Air chem.)

» Starting from data collection of global meteorological forecast data, we are operating a regional

meteorological model, emission processing model and regional air quality model followed by source

apportionment model

GFS/UM

[ 1

Collecting
Meteo. data

Super Ensemble

[ WRF/UM ]

v v

[ MEGAN/BIES ] [ SMOKE

Merge ]

Emissions

BVOC Anthropogenic
- MEGAN ¢ - INTEX-B(2006)
- BEIS3 - MICS-Asia(2010)

- CAPSS(2010,2011)

Integrated forecasting
systems

AQF1

Super Ensemble

=

[ Communication ]

Forecasting
determination

(A

anaIyS|s

L Evaluation J

Forecasting J

Decoupled Direct
Method

<

Brute Force
Method

Exposure,
Risk
assessment




Modeling domain(NE Asia, Korea, SMA)




Modeling schedule (at least 4 hours required)

17-o'clock forecast

09 KST 11 KST 13 KST 15 KST 16:3({ KST
2EEEIEE
I I 1
GFS WRE MCIP CMAQ  IDL DDM BCA,
downlead Web display SULF, BFM

IMorning  111-o'clock forecast

15 KST 17 KST 19 KST 21 KST  22:30 KST
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GFS w MCP  CMAQ IDL, DDM PCA,
Web display SULF, BFM




Third step- Forecast

Forecast using numerical prediction with knowledge, experience and knowhow

WMonitoring

Forecaster’s
subjective
judgment

Numerical
prediction

Mod

. Analysis

\ ,

Knowledge,
experience,
knowhow

Current status



Forecasting decision making

Pollution at

present

YES

NO

Withdraw time

Polluted area in

the future

NO

YES

Cause of pollution

Cause analysis
(LRT/Local)

Nonpoint source
check (wild fire,

volcano)

LRT

Local

LRT

Local

LRT and duration

time

Future
meteorological

condition

starting time and

intensity of LRT

Future
meteorological

condition

Diagnose clean air

50 ——~+® 3 — 3D ~+DdJ



Comparison with other forecast

ARL

Air Resources Labeoratery

through Research | supnargs

=anL e Hybrid Singie-Particle Lagranglan Integrated Trajectory —
(HYSPLIT) Model HYSPLIT Tepien

Dascription
T HYSPLIT i 8 ol 5080 1 O S 3 Geel THECIO 0 Mt

= MACC

http://www.gmes-atmosphere.eu/

[ p—————

= HYSPLIT

(Hybrid Single-Particle Lagrangian Integrated Trajectory)

http://www.arl.noaa.qov/HYSPLIT info.php

= SPRINTARS

http://sprintars.riam.kyushu-
u.ac.jp/forecast2.html

SPRINTARS !m
wn G i,

HOME  FORECAST  FORECASTidetsis)  ARCHIVE LAB HOME

| 118 =
=i SPRINTARS aerosol forecast
| 2 sutacs concennatin =]
| = b = 15100057 172802015
| + (EATNRwE] Surfoce mass concentration (PM10)

The aerosol forecast is based on the simulation with
a global aerasol chmate model, SPRINTARS

Horizontal resohition of the simutation is about
50km

Monitoring atmaspheric compasition & cimate Loain | Site map | Priat
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= CFORS

Forecast for distributions of Asian dust and anthropogenic
aerosols in east Asian region
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Fourth step-communication

——

TV, radio,
newspaper

Webpage
Airkorea, KMA

Smart phone (appl svs)

Public
131 call .

Prevention
meteorology
database ocal Gov.
Internal report and &
related

organization

=
/
|
1
i

\\ Application




ourth step-communication

KMA homepage
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Weather + Air quality Consultation Service

Month Total Call Total Response Air quality Consultation Ratio
2014.1 63,169 60,859 11,124 18.3%
2014.2 68,163 65,605 11,100 16.9%
2014.3 98,214 94,224 16,198 17.2%
2014. 4 103,266 99,224 16,024 16.1%
2014.5 98,954 95,037 15,376 16.2%
2014.6 119,423 110,340 8,048 7.3%
2014.7 136,059 123,101 4,179 3.4%

Month Call Response Air quality Consultation Ratio
2015.1 60,868 59,113 6,806 11.5%
2015.2 60,335 58,616 12,663 21.6%
2015.3 77,685 75,599 18,026 23.8%
2015.4 117,933 110,987 12,503 11.3%
2015.5 94,157 90,479 10,045 11.1%
2015.6 117,977 112,367 4,309 3.8%
2015.7 143,623 132,756 2,322 1.7%




Overall evaluation of Korean forecasting accuracy

PM10

Accuracy (%)

97 -

100 ¢10000 100 " o5 .
87 86 86 86 87 86 87 8 —
omomonl’l ;o0 78 8?:'._.,. /\/\

80+ / . N

58

60 - 54 53 57 57 56
44 42 4 a2 “M 4 M M

40- 40

* - - — — — —

204 | Test period ﬂ ‘q-l:\ Main perlod

ACC: 72% ACC: 88%
CSL: 33% I l I I I CSI: 58% I I
° i anee i
0 | L] | LI L | L |

133 139 131013111312 141 142 143 144 145 146 14? "14.8 149 141014111412 "15.1 15.2 15.3 154 155 156

Time(month)

Monthly ACC

CsI
including test
period

Fl'est perlod ﬂ_

0+ ACC: 82%

CSI 64% l . I

45 46 47 48 49 410 411 442 M54 62

Time(month)

80- %/ ._.\80 ——— /

Main period
ACC: 87%
CSL 57%

;: aage: RAJIE]

95 -

85/ \87 (=]

153 154 155 156

Monthly ACC

CsI
including test period



Major causes of forecasting
uncertainty

/A-\nalysis period : 2013.12.9.~ 2014.05.31
Site : Seoul Metropolitan Area(SMA), Method: on the grid

Model: WRF-SMOKE-CMAQ with two emission inventories (MICS-ASIA and INTEX-B)

Generally AQM agreed with observation but failed in capturing high pollution episodes The
correlation between AQM and observation is in the range of 0.75~0.77. The bad forecasting
was due to_incompleteness of emission, uncertainty of meteorology, missing of Asian dust, the
lack of experienced forecasters
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High PM pollution episodes

YEAR MON/DAY OBS MOD HIT
1/17 1\, i)} FALSE
1/25 II 11 FALSE
2/27 I II FALSE
4/16 1\, 11 FALSE

2014 4/17 11 i)} TRUE
5/31 III i) TRUE
12/29 1\, II FALSE
12/30 v Y, TRUE
2/22 V II FALSE
2/23 V V TRUE
2/24 IV V FALSE
3/16 V II FALSE
3/17 1\, Y} TRUE

2015 3/20 1\, II FALSE
3/21 V Y, FALSE
3/22 v Y, TRUE
3/30 V Y, FALSE
3/31 1\, Y} TRUE

I: Good, |I: moderate Ill: unhealthy for sensitive group, IV: very healthy, V: Hazardous



Meteorology uncertainty (Case 1: 27 Feb. 2014, Site: Seoul)

180

i E3k ® GFS-CMAQ predicted the ending
% /HW”\ time of high PM conc. earlier than
R ES & OBS on 27 Feb. 2014.
el % @ Better simulation of ending time of
N [ high PM conc. was obtained by UM-
u 2014;)22706 2014IOZZ?12 2014022718 C MAQ
TIME(LST)
® Two separate plumes
arrived at Korea and
GES then merged, which
were simulated by
both UM and GFS
® The latest plume
moved slowly in UM-
UM CMAQ than in GFS-
CMAQ
<2014.02. 27. 18LST> < 2014. 02. 27. 20LST> < 2014. 02. 28. 04LST>




GFS vs UM

7.0 - 7.0
6.0 GFS o 6.0 . V=0.8109x-0.0476
% R? = 0.5365
5.0 A 50 -
@ a0 S 40 - UM
) ¢ = e
a b o ] O
g 30 . O 30 o
= 50 o 20 - : ®
® _
= 1.3491x - 0.6413
1.0 ° 1.0 - °
R? = 0.545
0.0 0.0

00 10 20 3.0 40 50 6.0 7.0 00 10 20 3.0 40 50 6.0 7.0
OBS OBS

® Simulated surface wind speeds by UM and GFS were both biased
in high PM pollution episodes. The bias was negative in UM
while positive in GFS

® But UM and GFS were much alike in correlation coefficients

® This may cause the difference of the arriving and leaving time
of long-range transported PM to Korea.



Meteorology uncertainty (Case 2: 29 Dec. 2014, Site: Seoul)

PM10 (ug/m?)
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A probing tool(BFM) showed that high PM conc. in Seoul was caused mainly
by long-range transport on 29 Dec. 2014. In this case GFS-CMAQ showed
better performance than UM-CMAQ.

GFS

SR

< 2014.12. 29. 06LST>

<2014.12. 29. 12LST>

<2014.12. 29. 18LST>




Meteorology uncertainty (Case 2:25 Jan. 2014)

200

GFS-WRF showed poor
performance on simulating the

150

00

-~ o Spatial distribution of
o precipitation. Under-prediction of
scavenging caused over-

prediction of PM concentration in
SMA

PM10 (ug/m3)
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Emission incompleteness (Case 3: 21 Mar. 2015, Site: SMA)
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| e

mm OBS
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® BFM illustrated that high PM was

long-range transported to SMA.
® All AQMs with GFS/UM/MICS-
Asia/INTEX-B failed to capture high
PM conc.
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® Northkorea
M Korea

MICS-Asia



INTEX-B(2006) vs MICS-ASIA(2010)
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Emission incompleteness
(Case 4: 19~20 Dec. 2014. Site: Backryung island)

® A strong northwest wind blew around Siberian high on the northeast China
® This wind pushed a thin PM plume from China to Korean peninsular at
night on 19 Dec., 2014




Emission incompleteness
(Case 4: 19~20 Dec. 2014. Site: Backryung island)
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® High PM was transported from the Northern China to South Korea via North Korea.

AQM captured the starting and ending time of it but under-predicted its magnitude.

The composition comparison showed that AQM under-predicted organic particles as

well as primary coarse particles. It implies uncertainty of SOC formation mechanism
and the existence of unknown coarse particle source in Northeastern China and
North Korea.




One possible solution to emission incompleteness
data assimilation

MACC-II
(0.7°)

—

3:1

Domainl(27km)
»Initial Condition

MACC-II Global

= Spatial Resolution: 0.703°
= Temporal Resolution: 3 hour

= Data Assimilation : 12 hour

= Individual Species: SO,, CO,
HCHO, NO,, O;, SO,%, BC

= Lumped Species: Dust(3 bin),
OM, Sea Salt(3bin)

Courtesy, Prof. Cho Seogyeon, Inha Univ.

Domain2(9km) BC Domain3(3km)
(1) Continuous Run |:> (1) Continuous Run

(2) DA using Observ.

(2 DA using Observ

-

Air Quality Model(CMAQ)

Initial Condition generation for the
North East Asia(every 24 hrs)

Note:

BC generation of the mother domain
is not tried due to expected negligible
effects.

IC for Korea and Seoul is not tried
due to poor resolution of MACC-IL
Lumped species are mapped to all
other un-specified aerosol spieces by
keeping the total amount.




MACC data assimilation (Case5:5 Dec.2013)

200

150

100

PM10 xg/

50
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= OBS.

o CMAQ I
—&— CMAQ + MACC

= MACC

\

2013120512 2013120600

2013120612 2013120700
TIME(LST)

® (Good match with observation was snown not in CMAQ but In
MACC and CMAQ+MACC

® MACC simulated the starting, ending and peak appearing time of
high PM pollution at Seoul



Decision making problem (case 6: 6 Dec ,2013)
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NAQF model predicted that high PM10 concentration withdrew by strong
northwestern wind while forecasters predicted its delays due to strong
stagnation
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Cause of False Alarm

Cause of FAR

(1. Concentrated in

boundary

Cause of Events

1. Local pollution

2. Model over-prediction

: Miss the time and strength of stagnation

(2. LRT pollution

3. Decision making problem

L

: Miss inflow and outflow timing

‘3. Local + LRT pollution

2 20 +
(s

: Miss inflow time of LTP and stagnation
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Boundary problem of AQI categories

Frequency distribution of observed AQI and FAR

‘moderate’
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Boundary problem (case7:2015.2.15)

-

o

in SMA, Gangwon, Chungcheong, Youngnam, while ‘Moderate’ in others
Model prediction was 67.5 pg/m*(GFS), 77.1 pg/m* (UM) in Seoul
——»> but it turned out to be ‘Moderate (77.6pg/m‘)’

Forecast in 15 Feb. 2015 was the category of ‘Unhealthy for Sensitive Group(USG)’

~

/

Feb. 152015 1 2LST

GFS-CMAQ

Feb. 152015 12LST

UM-CMAQ

way |4 | Mg | an |BUSBUE Loq | UHETER aaa | sua | sun | qud Az
14 73 80 98 89 86 95 107 | 100 91 95 83 102
24 76 82 98 93 88 96 109 | 102 91 95 84 93
38 77 81 97 90 87 100 | 109 | 104 92 92 82 88
44 77 83 94 88 86 95 103 98 90 91 82 96
5 77 82 95 87 85 99 89 95 89 91 84 99
64 76 81 95 85 84 94 86 91 90 92 87 106
70 76 82 95 86 85 95 83 90 91 92 90 105
8§ 81 84 97 87 87 97 91 95 93 94 93 102
9] 84 86 103 88 89 99 96 97 102 98 101 98
10§ 83 90 107 93 92 109 | 108 | 109 | 111 | 104 | 113 | 118
11§ 83 93 112 94 94 110 | 109 | 109 | 115 | 111 | 122 | 124
2015-02- 12§ 81 89 106 95 93 113 95 105 | 117 | 116 | 121 | 118
15 131 79 85 95 92 89 120 93 108 [ 107 | 115 | 116
144 76 81 86 86 83 114 97 107 97 115 115
15) 74 82 86 86 83 103 99 101 90 123 | 119
16 73 80 86 86 82 100 94 98 88 130 122
174 70 80 82 83 79 93 97 95 87 123 | 123
18) 68 79 92 83 80 98 98 98 86 101 | 117
190 69 81 95 83 82 101 99 100 85 82 113
20 76 84 102 85 85 105 89 98 87 67 110
214 82 83 100 86 87 105 79 93 88 61 106
22 85 81 99 84 86 101 69 87 87 61 101
23) 84 84 96 85 86 97 70 85 86 57 95
244 82 82 94 86 86 94 66 82 83 48 87




Model over-prediction (Case 8: 24 Jan. 2015)

Forecast in 24 Jan. 2015 was in the category of ‘USG’ in SMA,
western Gangwon, Chungcheong while ‘Moderate’ in others
——> But it turned out to be ‘USG’ only in western Gangwon.

% (OBS) Seoul : 53.0, Incheon : 57.2, Northern Kyunggi : 69.8, Southem Kyunggi : 60.4, Wetern Gangwon : 88.9,
Eastern Gangwon : 52.1, Chungcheong : 54.6, Honam : 42.6, Youngnam : 60.5, Cheju : 29.8)

~

Jan. 24, 2015 Jan. 24, 2015
ily mean 20150124 SAER = D = AP FM10 daily mean 20750724

GFS-CMAQ UM-CMAQ



AQM agreed with observation but failed in capturing high pollution
episodes which were due to incompleteness of emission, uncertainty of
meteorology, missing of Asian dust, the lack of experienced forecasters

Generally UM-CMAQ tends to predict higher surface PM
concentration than GFS-CMAQ in high PM pollution episodes

Unknown source of coarse particle in Northern China may be one of
reason for under-prediction of PM10 in Korea

Global data assimilation(MACC) is helpful to improve the model
accuracy in regional scale in the sense that it is global air quality model

False alarms were issued mostly when a predicted PM concentration
was in the boundary of “moderate” and “USG” categories




Thank you for
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