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Abstract In recent years, social concern in the health risk of PM (Particulate Matter) has been increasing. In order to improve
PM concentration, optimized management on the high density emission areas is required in consideration of the spatial
distribution and contribution of source types. In this study, various geo-spatial PM emission related data sets such as emission
facilities, traffic volumes, and other emission activities were constructed using GIS DB with the air pollutants emissions of the
Seoul metropolitan area based on Korean National Emission Inventory (CAPSS, Clean Air Pollution Support System). The PM;,
PM, 5 and NO, emission rates grid maps of 250 m X 250 m size were built for each emission sources in order to derive the hot-spot
emission zone of air pollutants. Using the Optimized Hot-Spot Analysis (Getis-Ord Gi*) technique, we extracted a spatial regions
with a 95% confidence level of hot-spot emission. And then, the standardized analysis of the emission amount for the extracted
area was used to derive the hot-spot emission areas and analyzed the emission contribution of source types in each area. The 10
hot-spot emission zones with 95% confidence level were analyzed in Seoul metropolitan area. Each zone has been characterized
by dense emissions due to its distinctive source types. Emissions were concentrated mainly due to the location of many industrial
facilities, high dense traffic volume, and high dense biomass burning and construction sites. It is expected that the effect of PM
concentration improvement will be maximized by introducing the appropriate policy based on the contribution of each emission
source to these hot-spot emission zones.

Key words: PM emission in Seoul metropolitan area, Hot-spot emission zone, Optimized emission management
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Table 1. Air pollutants emission in Seoul metropolitan area by source categories (CAPSS, 2015).

Emission (ton) Ratio (%)
Category
PMio PM, 5 NO, PM;o PM, 5 NO,
Seoul metropolitan area 50,602 16,146 297,832 100.0 100.0 100.0
Combustion in energy industry 747 674 17,158 15 4.2 5.8
Non-industrial combustion 515 364 39,608 1.0 23 133
Combustion in manufacturing industry 1,091 420 9,712 2.2 2.6 33
Industrial process 322 236 3,894 0.6 1.5 1.3
Energy storage & transport 0 0 0 0.0 0.0 0.0
Solvent utilization 0 0 0 0.0 0.0 0.0
Road transportation 3,147 2,896 143,642 6.2 17.9 48.2
Non-road transportation 4,105 3,773 80,017 8.1 234 26.9
Waste disposal 65 54 2,755 0.1 0.3 0.9
Agriculture 0 0 0 0.0 0.0 0.0
Other sources 122 110 68 0.2 0.7 0.0
Fugitive dust 38,217 5,685 0 75.5 35.2 0.0
Biomass burning 2,272 1,934 978 45 12.0 0.3

NIER (2018a)
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Fig. 1. Air pollutants emission rates in Seoul metropolitan area by administrative region (CAPSS, 2015).
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Table 2. Coordinate system for grid emission analysis.

Projection name Korean 1985 modified central belt

Projection type Transverse mercator
Ellipsoid Bessel 1841

Central meridian 127.0029

Central parallel 38.0000

False easting 200,000

False northing 500,000

Scale factor 1

Oh(2015)
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Table 3. GIS data sets built in this study.

Category Data Type References
Grid system 250 m X 250 m (cell 447,300) Polygon -
Administrative Si-Do Polygon National geographic information institute
district Si-Gun-Gu Polygon (http://map.ngii.go.kr)
Eup-Myeon-Dong Polygon
Population (2018) 250 m X 250 m Grid data Polygon
Land cover (2014) Land cover classification, Polygon Environment geographic information service
1:25,000 land lot map (https://egis.me.go.kr)
Emission facility Large industrial source in Point CAPSS Grid emission
Seoul metropolitan area (2015)
Small industrial source in Point Local administrative authorization
Seoul and Incheon (2018) & permission data (http://localdata.go.kr)
Small industrial source in Point Gyeonggi-do
Gyeonggi-do (2017)
Charcoal manufacture (2014) Point Ministry of Environment (2014)
Improvement of air pollution emission data
by biomass burning
Charbroiling cooking (2018) Point Local administrative authorization
& permission data (http://localdata.go.kr)
Road network Expressway Line Metropolitan transportation authority (2018)
& traffic volume Urban expressway Line Basic data on the analysis of transportation
(2016) National highway Line in the Seoul metropolitan area
Local road Line
Railway (2016) Railroad network Line Korea transport database
(https://www.ktdb.go.kr)
Port (2018) National fishing harbors Polygon Korea ocean data market center
Harbor sites Polygon (https://www.khoa.go.kr/komc)
Urban planning Public housing zone Polygon National spatial data infrastructure portal
(2018) Public rent housing zone Polygon (http://www.nsdi.go.kr)
Urban development zone Polygon
Urban and residential Polygon
reconstruction zone
Urban redevelopment zone Polygon
Industrial complex zone Polygon
Large residential complex Polygon
development zone
Land redevelopment zone Polygon
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Table 4. Spatial allocation factors by source types.

Category

Space allocation factor Emission classification unit

Combustion in energy industry

Coordinates in SEMS DB -

Non industrial combustion
Combustion in manufacturing industry
Production process

Waste disposal

Large point source: coordinate in SEMS DB Si-Gun-Gu

Small point source as area source: land use, Si-Gun-Gu

population distribution Si-Gun-Gu
Si-Do

Road transportation

Traffic volumes

Seoul Metropolitan Area

Non road Railways Railway line running hours Seoul Metropolitan Area

transportation Ships Harbor sites Seoul Metropolitan Area
Aircrafts Airport runway length =1 km Si-Gun-Gu
Agricultural equipments Land cover - crop field Si-Gun-Gu
Construction equipments Urban planning Si-Gun-Gu

Paved road
Unpaved road

Fugitive dust

Traffic volumes
Traffic volumes

Seoul Metropolitan Area
Seoul Metropolitan Area

Construction site Urban planning Si-Gun-Gu
Open space Land cover - bare land Si-Gun-Gu
Loading and unloading Land cover - bare land Si-Gun-Gu
Agricultural activity Land cover - crop field Si-Gun-Gu
Animal husbandry Land cover - corp field Si-Gun-Gu
Waste disposal Land cover - bare land Si-Gun-Gu
Biomass Municipal waste burning Land cover - non urbanized area Si-Gun-Gu
burning Agricultural waste burning Land cover - crop field Si-Gun-Gu
Charbroiling cooking Charbroiling restaurant distribution Si-Gun-Gu
Wood/Wood-pellet stove and boiler Land cover - non urbanized area Si-Gun-Gu
Traditional fireplace Land cover - non urbanized area Si-Gun-Gu
Charcoal kiln Charcoal kiln distribution Si-Gun-Gu
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Table 5. Emission rates of PM;4 hot-spot region (include all sources, %).

Emission rate (%)

Area PMio ton/ : o
Region (km?) emission km? Combustion Non. Combustionin 5 4\ tion  Waste Road Non road Biomass  Fugitive
(ton) in energy industrial manufacturing process disposal  transportation  transportation  burning dust
industry combustion industry
Unnam-dong, 43 1505 3538 0.0 0.0 0.0 0.0 0.0 0.1 122 0.0 87.7
Jung-gu (Incheon)
Magok-dong, 103 896 87.4 0.0 03 0.0 0.0 0.0 08 1.6 0.2 87.0
Gangseo-gu (Seoul)
Songjeong-dong/
Gyeongan-dong/
Yeok-dong, 74 570 76.5 0.0 0.2 0.0 0.0 0.0 0.5 16.0 0.3 83.0
Gwangju-si
(Gyeonggi-do)
Neungseo-myeon,
Yeoju-si 0.3 22 70.6 0.0 0.0 0.0 0.0 0.0 0.0 13.7 0.4 85.9
(Gyeonggi-do)
Majang-myeon,
Icheon-si 3.6 183 51.5 0.0 0.1 0.0 0.0 0.0 2.6 12.8 0.3 84.3
(Gyeonggi-do)
Uijeongbusi 263 1,347 51.2 0.0 0.4 0.0 0.0 0.0 08 17.1 06 81.2
(Gyeonggi-do)
Ansan SmartHub 5, 3 )8 496 11 0.0 69.3 03 14 15 21 0.1 242
(Gyeonggi-do)
Yeokbuk-dong,
Cheoin-gu, 49 234 473 0.0 03 0.0 0.0 0.0 09 152 03 83.4
Yongin-si
(Gyeonggi-do)
Jungni-dong,
Icheon-si 23 104 449 0.0 0.4 0.0 0.0 0.0 0.5 13.1 0.6 85.4
(Gyeonggi-do)
Dong-gu/Jung-gu/
Michuhol-gu 29.6 1,324 44.6 0.1 0.5 13.9 15.8 0.1 1.9 6.4 0.4 60.9

(Incheon)
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Table 6. Emission rates of PM, 5 hot-spot region (include all sources, %).

Region

Area
(km?)

PM, 5
emission

(ton)

ton/
km?

Emission rate (%)

Combustion
in energy
industry

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass
burning

Fugitive
dust

Unnam-dong,
Jung-gu (Incheon)

4.1

302

73.1

0.0

0.0

0.0

0.0

0.0

0.2

55.7

0.2

43.8

Gwangam-dong,
Dongducheon-si
(Gyeonggi-do)

57

99.0

0.0

0.0

0.0

0.0

0.0

0.0

0.3

0.7

Wonchang-dong,
Seo-gu (Incheon)

3.6

112

308

94.9

0.0

0.0

0.0

0.4

0.0

0.2

32

Sindun-myeon,
Icheon-si
(Gyeonggi-do)

50

0.0

0.0

0.0

0.0

0.0

3.0

0.1

94.6

23

Songhyeon-dong/
Songnim-dong,
Dong-gu
Dohwa-dong,
Michuhol-gu
(Incheon)

8.0

210

26.2

0.7

0.4

8.2

70.3

0.2

2.8

6.9

04

10.1

Geongeon-dong,
Sangnok-gu,
Ansan-si
(Gyeonggi-do)

0.1

0.0

0.5

0.0

0.0

0.0

16.7

39.8

Changsu-myeon,
Pocheon-si
(Gyeonggi-do)

38

20.9

99.0

0.0

0.0

0.0

0.0

0.1

0.1

0.6

0.3

Magok-dong,
Gangseo-gu
(Seoul)

9.1

188

20.8

0.0

0.0

0.0

0.1

3.2

50.7

0.9

441

Ganam-eup,
Yeoju-si
(Gyeonggi-do)

37

20.2

0.0

0.0

9.3

79.0

0.0

79

0.1

0.6

3.0

Songjeong-dong/
Gyeongan-dong/
Yeok-dong,
Gwangju-si
(Gyeonggi-do)

77

152

19.7

0.0

0.5

0.0

0.0

0.0

2.1

55.3

9.5
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=
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Table 7. Emission rates of NO, hot-spot region (include all sources, %).

Region

Area
(km?)

NO,

emission

(ton)

ton/km?

Emission rate (%)

Combustion
in energy
industry

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass
burning

Poseung-eup,
Pyeongtaek-si
(Gyeonggi-do)

1,575

1,259.3

98.0

0.0

0.0

0.0

0.0

0.0

2.0

0.0

Unnam-dong,
Jung-qu
(Incheon)

4.3

3,555

823.8

0.0

0.5

0.0

0.0

0.0

98.5

0.0

Ganam-eup,
Yeoju-si
(Gyeonggi-do)

2.3

1,705

736.5

0.0

0.0

8.1

824

0.0

9.5

0.0

0.0

Gyeongseo-dong,
Seo-gu
(Incheon)

3.0

1,545

514.5

0.0

0.0

0.0

3.1

0.2

0.0

Wonchang-dong,
Seo-gu
(Incheon)

4.9

2,393

484.2

91.3

0.0

0.2

74

0.0

0.0

0.0

Bundang-dong,
Bundang-gu,
Seongnam-si
(Gyeonggi-do)

23

1,066

460.6

89.3

0.0

0.0

0.0

4.6

44

0.0

Changsu-myeon,
Pocheon-si
(Gyeonggi-do)

23

725

313.2

99.6

0.0

0.0

0.0

0.0

0.2

0.1

0.0

Jung-gu (Seoul)

8.7

2,561

294.6

0.0

45.4

3.1

0.0

0.7

16.8

0.0

Baekseok-dong,
llsandong-gu,
Goyang-si
(Gyeonggi-do)

2.3

681

294.2

72.6

8.7

0.0

0.0

3.0

6.4

9.3

0.0

Songjeong-dong/
Gyeongan-dong/
Yeok-dong,
Gwangju-si
(Gyeonggi-do)

7.1

1,954

276.5

0.0

4.0

0.0

0.0

0.0

6.6

89.3

0.0
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Table 8. Emission rates of PM;, hot-spot region (exclude fugitive dust, %).

Region

Area
(km?)

PM;,
emission
(ton)

ton/km?

Emission rate (%)

Combustion
in energy
industry

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass

burning

Unnam-dong,
Jung-gu
(Incheon)

4.3

185

42.8

0.0

0.1

0.0

0.0

0.0

0.5

99.1

04

Ansan Smart Hub
(Gyeonggi-do)

28.5

928

15

0.0

90.3

0.4

23

3.6

0.1

Hagik-dong,
Michuhol-gu
(Incheon)

6.4

170

264

0.0

0.5

86.1

0.2

0.0

5.0

7.6

0.5

Wonchang-dong,
Seo-gu
(Incheon)

4.6

116

254

93.4

0.0

0.0

5.8

0.0

0.5

0.0

0.2

Gwangam-dong,
Dongducheon-si
(Gyeonggi-do)

23

56

24.3

99.6

0.0

0.0

0.0

0.0

0.0

0.0

0.4

Dong-gu/Jung-gu/
Michuhol-gu
(Incheon)

324

24.2

0.4

9.5

67.9

0.5

27

17.3

0.7

Sindun-myeon,
Icheon-si
(Gyeonggi-do)

23

52

223

0.0

0.0

0.0

0.0

0.0

3.8

0.1

96.1

Jungni-dong/
Jeungil-dong,
Icheon-si

(Gyeonggi-do)

0.5

18.7

0.0

0.5

0.0

0.0

0.0

97.1

Ganam-eup,
Yeoju-si
(Gyeonggi-do)

2.3

43

18.5

0.0

0.0

144

753

0.0

9.3

0.1

0.8

Mohyeon-eup,
Cheoin-gu,
Yongin-si
(Gyeonggi-do)

0.3

0.0

0.0

0.0

0.1

0.0

0.0

98.4

437
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Fig. 12. Map of PM;, hot-spot emission area (exclude fugitive
dust).
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Table 9. Emission rates of PM, 5 hot-spot region (exclude fugitive dust, %).

Region

Area
(km?)

PM, 5
emission
(ton)

ton/km?

Emission rate (%)

Combustion
in energy
industry

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass
burning

Unnam-dong,
Jung-gu
(Incheon)

39

170

43.0

0.0

0.1

0.0

0.0

0.0

0.4

99.2

0.3

Gwangam-dong,
Dongducheon-si
(Gyeonggi-do)

56

99.7

0.0

0.0

0.0

0.0

0.0

0.0

0.3

Wonchang-dong,
Seo-gu
(Incheon)

3.6

108

29.8

98.0

0.0

0.0

0.0

0.4

0.0

0.2

Songhyeon-dong/
Songnim-dong,
Dong-gu
Dohwa-dong,
Michuhol-gu
(Incheon)

6.1

180

29.7

0.8

0.4

83

81.9

0.3

22

6.0

0.3

Sindun-myeon,
Icheon-si
(Gyeonggi-do)

48

26.7

0.0

0.0

0.0

0.0

0.0

3.0

0.1

96.9

Hagik-dong,
Michuhol-gu
(Incheon)

48

26.2

0.0

0.3

90.5

0.0

0.0

7.0

0.9

Changsu-myeon,
Pocheon-si
(Gyeonggi-do)

38

209

99.3

0.0

0.0

0.0

0.0

0.1

0.1

0.6

Ganam-eup,
Yeoju-si
(Gyeonggi-do)

36

19.6

0.0

0.0

9.6

0.0

8.1

0.1

0.6

Gyeongseo-dong,
Seo-gu
(Incheon)

29

55

19.0

95.9

0.0

0.0

0.0

0.1

2.6

0.1

Gojan-dong,
Danwon-gu,
Ansan-si
(Gyeonggi-do)

0.4

17.6

0.0

0.2

0.0

0.0

0.0

1.6

0.1

98.0




105-9/°dd ‘610z 31snBNY ‘i 'ON ‘GE JOA “UOJIAUF "SOWIY "20S Ue3IO0Y [

Table 10. Emission rates of PM,, hot-spot region (exclude fugitive dust and large point sources, %).

Region

Area
(km?)

PM;q
emission
(ton)

ton/km?

Emission rate(%)

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass
burning

Unnam-dong,
Jung-gu
(Incheon)

4.6

185

39.9

0.1

0.0

0.0

0.0

0.5

99.1

0.4

Ansan Smart Hub
(Gyeonggi-do)

29.6

899

304

0.1

93.2

0.3

0.0

3.1

3.1

0.2

Sindun-myeon,
Icheon-si
(Gyeonggi-do)

23

52

223

0.0

0.0

0.0

0.0

3.8

0.1

96.1

Bungnae-myeon,
Yeoju-si
(Gyeonggi-do)

2.8

36

13.2

0.0

0.0

0.0

0.0

3.6

0.1

96.3

Songjeong-dong/
Gyeongan-dong/
Yeok-dong,
Gwangju-si
(Gyeonggi-do)

9.0

112

124

0.0

0.0

0.0

35

14.0

Magok-dong,
Gangseo-gu
(Seoul)

10.0

116

25

0.0

0.0

0.1

6.1

89.5

1.8

Uijeongbu-si
(Gyeonggi-do)

238

230

9.6

0.0

0.0

0.0

3.7

3.0

Mohyeon-eup,
Cheoin-gu,
Yongin-si
(Gyeonggi-do)

9.2

0.2

0.0

0.0

0.0

0.0

98.3

1.5

Yeokbuk-dong,
Cheoin-gu,
Yongin-si
(Gyeonggi-do)

4.1

36

8.9

0.0

0.0

0.0

4.3

93.0

14

Majang-myeon,
Icheon-si
(Gyeonggi-do)

35

29

8.2

0.7

0.0

0.0

0.0

16.3

81.3

1.6
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Fig. 14. Map of PM;, hot-spot emission area (exclude fugitive
dust and large point sources).
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Table 11. Emission rates of PM, 5 hot-spot region(exclude fugitive dust and large point sources, %).

Region

Area
(km?)

PM, 5
emission
(ton)

ton/km?

Emission rate (%)

Non
industrial
combustion

Combustion in
manufacturing
industry

Production
process

Waste
disposal

Road
transportation

Non road
transportation

Biomass
burning

Unnam-dong,
Jung-qu
(Incheon)

4.8

170

0.1

0.0

0.0

0.0

0.5

99.1

0.3

Sindun-myeon,
Icheon-si
(Gyeonggi-do)

23

49

211

0.0

0.0

0.0

0.0

37

0.1

96.2

Ansan Smart Hub
(Gyeonggi-do)

26.1

348

0.0

86.8

0.7

0.0

5.2

6.9

0.3

Bungnae-myeon,
Yeoju-si
(Gyeonggi-do)

2.8

34

0.0

0.0

0.0

0.0

35

0.1

96.4

Songjeong-dong/
Gyeongan-dong/
Yeok-dong,
Gwangju-si
(Gyeonggi-do)

9.1

103

0.9

0.0

0.0

0.0

35

81.4

14.2

Magok-dong,
Gangseo-gu
(Seoul)

9.9

24

0.0

0.0

0.1

6.8

86.1

4.7

Uijeongbu-si
(Gyeonggi-do)

285

233

8.2

0.0

0.0

0.0

44

91.0

3.0

Jangheung-myeon,
Yangju-si
(Gyeonggi-do)

3.6

27

75

0.0

0.0

0.0

0.0

0.6

0.0

99.4

Jeomdong-myeon,
Yeoju-si
(Gyeonggi-do)

23

74

0.1

0.0

0.0

0.0

0.8

13

97.8

Yeokbuk-dong,
Cheoin-gu,
Yongin-si
(Gyeonggi-do)

4.6

34

7.4

0.0

0.0

0.0

4.6

92.6

1.6
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Table 12. Emission rates of NO, hot-spot region (exclude large point sources, %).

Emission rate (%)

NO,
. Area X ) on i
Region (km?) emission ton/km _ Non Combustion in Production Waste Road Non road Biomass
(ton) industrial manufacturing rocess disposal transportation transportation burnin
combustion industry P P P P 9
Unnam-dong,
Jung-gu 4.8 3,555 748.0 0.5 0.0 0.0 0.0 1.0 98.5 0.0
(Incheon)
Jung-gu (Seoul) 9.1 2,536 279.7 42.8 3.1 0.0 0.8 18.7 34.5 0.0
Jung-gu (Incheon) 3.6 974 268.5 71 1.6 0.0 0.0 10.6 80.7 0.0
Songjeong-dong/
Gyeongan-dong/
Yeok-dong, 8.4 2,016 240.5 45 0.0 0.0 0.0 7.2 88.2 0.0
Gwangju-si
(Gyeonggi-do)
Jayang-dong,
Gwangjin-gu 4.4 955 218.2 18.7 0.0 0.0 0.1 41.1 40.1 0.0
(Seoul)
Magok-dong,
Gangseo-gu 14.5 2,918 201.1 8.6 0.1 0.0 0.1 23.0 68.1 0.0
(Seoul)
Ganghwa-eup,
Ganghwa-gun 0.4 72 190.8 0.0 0.0 0.0 0.0 0.0 99.9 0.1
(Incheon)
songpa-gu 154 2,827 183.0 294 0.1 00 02 40.2 30.1 0.0
(Seoul)
Yangpyeong-dong/
Mullae-dong, 106 1,914 181.1 19.2 36 0.0 038 53.6 227 0.0
Yeongdeungpo-gu
(Seoul)
Moga Rest Areas
for Drowsy Drivers of 0.2 33 175.4 0.6 0.0 0.0 0.0 99.0 0.2 0.1

Jungbu Expressway
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Fig. 16. Map of NO, hot-spot emission area (exclude large
point sources).
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