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Analysis on Relationship between Urban Development Characteristics And
Air Pollution level

- A Case of Seoul Metropolitan Region -
sl - JEE
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Abstract
This study aimed to analyze the relationships between urban development patterns and
air pollution level for the five pollutants (PM10, CO, NO2, SO2, O3) in the Seoul
metropolitan area (SMA) using multiple regression models. We used Kriging methods to
interpolate air pollution levels for the areas which are not covered by the 120 air
pollution check stations. The analysis results can be summarized as follows. First,
population and employment densities are positively related to CAI(Comprehensive
air-quality index) values for CO and NO2 with a high statistical significance. Second,
manufacturing industry has contributed to increasing CAIL levels of O3 and SO2, while
areas surrounding thermal power plants have relatively higher levels of PM10, CO, and
NO2. Third, number of intersections is positively related to CAI levels of O3 and SO2,
while the higher proportion of road area in a zone has contributed to rising CAI levels of
CO and NO2. Fourth, it is interesting to find that the CAI levels of PM10, O3, and SO2
are more likely to increase in the suburban areas than in the central city, but those of
CO and NO2 tend to rise in the central city. Finally, the CAI levels of PM10, CO, SO2,
and NO2 are likely to be high along the west coast of the SMA(Seoul metropolitan area),
possibly due to the high concentration of manufacturing industry and proximity to China.
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Fig 2. PM10 distribution and concentration in SMA
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Fig 3. O3 distribution and concentration in SMA
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Fig 4. NO2 distribution and concentration in SMA
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Fig 5. CO distribution and concentration in SMA
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<SO2 contour map in SMA>
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Fig 6. SO2 distribution and concentration in SMA
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Table 1. Variable summary statistics (N=41427)
Variables Mean S.D. Min Max
PM10(index) 276.56 24.01 187.50 372.09
D et O3(index) 7457 17.26 0 164.67
Pt CO(index) 46,05 731 0 64.25
variables -
NO2(index) 110.04 452 75.97 126.19
SO2(index) 33.60 6.24 20.10 7278
. Population density 0.05 0.04 0 3.52
Density -
Employment density 4.E-03 9.E-03 0.E+00 2.E-01
Number of manufacturing employees 34 369.48 0 26128
Industry -
Power station 0.09 0.28 0 1
. Road intersection ratio 1.E-05 4.E-05 0 9.E-04
Transportation :
Road area ratio 0.05 0.09 0 129
Seoul 0.40 049 0 1
Urban Inner ring 0.44 0.50 0 1
structure Outer ring 0.16 0.37 0 1
Greenbelts dummy 0.02 0.15 0 1
. West sea 2221896 | 12703.89 | 1612 (118217.33
Proximity z
Han-river 1239672 | 11444.20 0 129440.85

ZEAZ | 161



oy
lot

bal
=

(K2AD), QHEA] (inner ring), TN (outer
ring)? 0% FESl0l Yoy 9k 181 1Y
HEVL t7]|9¥ 440 nkls 89 27 ¢st
o JRMEY sigsk= HAT A9e tn) AT
SILE Ay Qo= E=A BoQE AS
gl SO TH7]|QRH0] TAE Zotr] flall A
SO RE Ael, SFAORRE ATIE HaLR A
oAt

I 12 B4 ZEof AlgE S5 2 sy
1= SAZS VER Ak 2
F8 NeinEs 3 28 #Falol] Xssketo] 2
QEEZRO FLE 4 +E0T IEEQlon, £%
HET ARSEE T VIR @ER theis &2
= ARIETE Folo] A6t T 7K |

N

P

=4 & PMI02 Bglo] 2765608 71 =2
QELES LIET Aom, S027F Eif 3362

= 7K We X8 1 ot 917 UEe a1g
Urs HAT 22 BE 0059/, 0.0049)/nt
2 UEKLCE ARy SR JA+ 832 09
ol E|tH 26128F0] SAkal U= ASE Ut
SO, vie4 FHAEE IH FAT & 9%l
afiedoh= AR LIERACE HAS W wAlR &
9] HIES Bt 0.001%, AT HEoA T27t
AReh= HIES 5% UEKRCH, d XY &
TJREHES sigshs AT dA 2%Y8 Lie
ST S ASltCZRE Q] Ariet SteE BE
o Adl= Z1ZF Bt 22kmSt 12km= LIERATT.

I 2 2t ¥ 4o gt sHEAENE Al
Alstal QUTE PM10 PEol AEYE 018 03
008, CO= 0.1, SO2= 0.39 TJe]al NO2Z= 067
2 4 B4 Ho] Sf#EeE0] NO2 298 =500
NXl= Gekol thst Al=o] 7He 52 Z10% Lt
o] AEyEe AR U ¥
TEo] golotA ueht
B w3l tisid Asgo] Ao B 4 Uk

u
5L
L1

e
ol
)
H
o]
i

162 | (ADOISHRE-T A7 &S

7 EHEe} tireette] #AE HH NO2et
Coel &% QRS el Aol o] 1+
U7 sojdes COet NO29| CAVF E7fsk=
Z1o7 BARIRILE S6] Q=T 169 soid
5 C09l CAI A5Vt 20% &7Ick= Ae= Hop
CO9l @@eEt QR =& Fgol QL
= ZeE BAYQLL 18Wro] 49k o7l
O} OEEIAIZ COQF NO29| CAl =E1} SAFS
= ROt el A0 A= Ae= LERL 11
U7t Ol U719y EEs =0I=t 7lofske
Z10F LI

1

.

ARIQQ) 5 REY SARKeE 039 S027t &
AE foldg 2kl CAl E7100 7lofshe 2oz

AL 58] S02= AMEYACIA Elch= T

=2l AH0| e, AR B4 EMolE Al
YA SARE 71 S029] CAL Rl S7oll gk
= ee & ¢ ALk oA FHAYR
PM10, CO, NO2Z7t SAECR Rl E7ishe
Z107 BAERE o] & NO2 222 112 3
oA Ho] Hcks AR FE EHEa FHK]
oA B=7F =4 LER= 2= gifA Rlo]
Adik= oot Sles 2 ddohal QIth

e}

WELL] T AR HIEES 03, SO2004 A=
o pS

D 12 of

OF ROF A9 WA= BHE Zle &+ A
A~

L)

ol
N
>
N,
2
ol
ﬂ?
o
i
ig %
%
i
WOrE

e
o
It
0
-0
e
i)
i
i
i
3
g8
i
)
A
o rr
40 Mo &

7FeslglE ml, Coet NO2 =EolA SAA
omfet HHel TAVE LETE CO%F NO2 HA|
AsAt HiZ17keo] o 22oH, WAt et &
= HAE 717t olfet @EEEl) CAI g =

Ol 7lodstal Qe Zlos SAERICE



EA 4ot 7] 2E EL| A 2M A7
Table 2. Analysis results
In_pm10 In_o3 In_co In_so2 In_no2
variable
B t-value B t-value B t-value B t-value B t-value
Intercept 5693426017 43041034714 3885109458 3750 167957 4742114482+
benci PoP-density | 0075 79571 0004  -013 0205 822%{ 0113 7117 000§ 185
Y |Emp_density| 0074 16 2109 -1463={ 0366 297 0488 63" 0136 945+
Mendfacuing) ) coe o7 016620r-0d  1921-58e-0d 2061135605  64seq{281e01  -086
Industr, employee
Power
Y | station 0004 264 0051 -1175%4 o001d 268~ 0001 041 0010 2296+
area‘
Trans I”terraszzt'on 33449 331+ 122593 38974 15134 056 178078 1053+ 9727  -3.1%
Rerta Road area
tion | o 0011 2429 0095 -645%q 0090 7274 0028 -361% 0007 477
Seoul= | 0071 -67.15%+ -0031 -944v4 0002 088 0119 -67.18%{ 0014 4155
Urban Outer
struct| L 0036 26694 0179 42354 -0139 -38697 0027 12114 -0.054-128.24%*
ure
Greenbelt | 5o0d 30741 0004 o5 -0.015 211 -0007  -15¢ -0001  -096
dummy
oroxi | West sea | -1E-0§ 2778604607 517+ -216-08 -21.37+-6.68E-0§ -106.57] -12E-08-106.56"
MY | Han-river | -26-06 -43.01%4 -2.86-06] -19.75%4 -17E-06| -13.67*4-432E-06 -56.934 -1.1E-06 -78.17+
F 81632+ 34195+ 467.84% 237292+ 7801.71%%
R-Square 0.1783 00833 0.1105 0.3866] 06745
Adj R-Square 0.1781 0083 0.1103 03864 06744
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Z=2. www.airkorea.or.kr

3. ZEstAdNEel 2 EX1E(2009.9.9)

F4. TtAle H2|ldY 24 EX= ZSH) /(20088
S

5. Trauth(2007)2 nugget, sill, range 58 FHEE 0
02 NI JYZE B BT SHEH0| Mgt
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76, EYCNIISAR|SE SART} (17|98 T ZHA|2
2000 GA L 4 UEE D [f7|eYPozLE
TS owsiy] Y3t WE XHS ZOIo|H HA|
57| 8l Ci7|2E=0of 2 2K g2 A Mz
g EE U5y JiED 7| E mAE A 0T
(www.airkorea.or.kr).

7. SAXE|HEAH[A (www.sgis.kostat.go.kr)

T8 LA FHXY X|HO| S YEO [E LA
FHXY - yEA EF Skm

F9. ZBMEA: M2, YMLEA| (inner ring) : MES
SHML U= 7z Al H A, XY
(outer ring): A7|2 Al B HEAME HelT

4. ERRHRA KO- I, 2013, “0|E S

LIHX| X<
F10. 23 AT J0)q J2ME0| gt I
AT 79| vE
o18ES
Reference

1. A - 2R - JRR, 2010, “Regression-Kriging
G o8t 01Tt B3 FHo| st oI5, TSk
2I813|A] , 5: 806-819.

Kim, B, Ku, J, Choi, I, 2010. “Population
Distribution Estimation Using Regression-Kriging
Model”. Journal of the Korean Geographical
Society, bt 806-819.

2. - Holjgr-oldd, 2005. “SYIRE=0) Tt X2
& 7ksslF melu 3Eldel v, [E8sAH
TH o, 18(2):271-280.

Kim, S, Jeong, A, Lee, S, 2005. “Comparison

between Kriging and GWR for the Spatial Data”,

The Korean Journal of Applied Statistics,
18(2):271-280.

3. ZSIK-REZ, 2014, “TH7|2¥e7=0] S OhitE

FAZFEO) WAl ol &et ¢k ey 7}
A Ho BAY, YT, 302): 27-48.
Kim, H,, Jun, M, 2014. “An Analysis on the Effect
of Air Pollution on the Apartment Rents in the
Seoul Metropolitan Region”, Journal of the KRSA,
30(2): 27-48.

o

AES BARIY FQ E20] 7Y TA
Jowrnal of Environmental Science International,
22(9): 1199-1211.

Do, W, Jung, W, Yoo, E, Kwak, J, 2013. “An
Investigation into Air Quality of Main Roads in
Busan using Mobile Platform Measurement”,
Jowrnal of Environmental Science International,
22(9): 1199-1211.

5. @ytAl-IRl2- AR, 2005, EAIEH HEQ47)

Ao tiz|edo
8l) 40(3): 159-170.
Oh, K., Koo, I., Cho, C., 2005, “The Effects of Urban

NRle @, =84

=EA= | 165



Spatial Elements on Local Air Pollution”, Journal
of Korea Planners Association, 40(3): 159-170.
6. QARSI 2007, “LAlQ] AALYE HE) T
Q) TRl HaF [SEAR] |, 42(5): 197-200.
Oh, K, Chong, H., 2007. “The Influence of Urban
Development Density on Air Pollution”, Journal of

Korea Planners Association, 40(3):  159-170.

7. O|QIE, RIBA|, ZEE, 2011, “TH712E KIeet A

I TF Bdol #g oY, eERIRElEE
A, 4: 143-156.
Lee, W, Won, J, Cho, C, 2011. “A Study of
Correlation between Air Environment Index and
Urban Spatial Structure: Based On Land Use and
Traffic Data In Seoul”, Journal of the Economic
Geographical Society of Korea, 41 143-156.

8. ZR0l, 2004, “VNUAISHLARHO| T71 2ol vl
= ggp, TR, 20(2): 77-95.

1. OO

Cho, Y., 2004. “Impacts of Restricted Development
Zone Policy on Air-pollution”, Journal of the
KRSA, 20(2): T7-95.

9. X2 EE, 2009, “=R2eFERL10] T2 th7]|Q
Aol MRl HeH2A, sk SssIA] |, 27(6):
139-146

Cho, H, Choi, D, 2009, “Effects of Road and Traffic
Characteristics on Roadside Air Pollution”, Jowrnal
of Korean Society of Transportation, 27(6):
139-146

10. |- Ees- 42k TEA]-01F, 2008, SAS/
STATE O[&%t SXHiE, A7]: Ao,

Choi, S., Moon, S, Kang, C., Cho, J., Lee, J.,, 2008,
Spatial  Estimate using by SASSTAT, Free
academy, Gyeonggi

11. Aman Tyagi and Preetvanti Singh, 2013
“Applying Kriging Approach on Pollution Data
Using GIS Software”,
Environmental Engineering and Management,

International Journal of

4(3): 185-190.
12. Brian Stone Jr., 2008. “Urban sprawl and air
quality in large US cities”, Joumal of

Environmental Management, 86: 688 —698.

13. DAVID W. WONG etal, 2004. “Comparison of

166 | (ADCHSHEE-T A7 &S

14,

15.

16.

17.

18.

19.

20.

21.

spatial interpolation methods for the estimation
of air quality data”, Journal of Exposure Analvsis
and Environmental Epidemiology, 14: 404 -415.
Dilip Kumar Jha etal, 2011
Interpolation for

“Evaluation of
Air  Quality

Parameters in Port Blair, India”, Universal Journal

of Environmental Research and Technology, 1(3):

301-310.

Jerrett M., Arain A, Kanaroglou P, et al., 2007.

“Modelling the intra-urban variability of ambient

Technique

traffic pollution in Toronto, Canada”, Journal of
Toxicology and Environmental Health, Part A, 70:
200-212.

Jun, M.-J, 2010. "Spatial Transformation and
Regional Disparity, Housing, Transportation and
Emissions”, Joint workshop of Korea Planners
Association and OECD, KRIHS: OECD.
Matheron, G, 1962, Traife de gostatistique
appliquee, Tome I: Mmoires du Bureau de
Recherches Gologiques et Mini'eres, no. 14,
Editions Technip, Paris, 333.

Mats Rosenlund et al. 2008. “Comparison of
regression models with land-use and emissions
data to predict the spatial distribution of
traffic-related air pollution in Rome”, Journal of

Exposure Science and Environmental
Epidemiology, 18: 192 -199.
Michael Brauer et al, 2003. “Estimating

Long-Term Average Particulate Air Pollution
Concentrations: Application of Traffic Indicators
and  Geographic  Information  Systems”,
EPIDEMIOLOGY, 14(2): 228-239.

Minguez R, Montero JM, Fernandex-Avilez G,
2013. “Measuring the impact of pollution on
property prices in Madrid: objective versus
subjective pollution indicators in spatial models”,
J Geogr Syst, 15(2): 169 -191.

Rijinders E., Janssen N, Van Vliet P, et al,, 2001.
“Personal and outdoor concentrations in relation
to degree of urbanization and traffic density”,
Environ Health Perspect, 109: 411 -417.



EA E8at 7] 2 sEML A =4 AT

22. Rouzbeh Shad et al, 2009. “Predicting air

; . L . Table 2. Criteria for calculating CAI
pollution using fuzzy genetic linear membership

Category A B C D g [F

kriging in GIS” Computers, Environment and

Description | Good | Moderate S;J:sﬁi‘:h;/r;i;) Unhealthy un:eea?/thy Hazardous
Urban Systems 33: 472—481. Y = = = = =
T o 100 150 250 350 500

23. Trauth, M. H, 2007, MATLAB Recipes for Barth Concentraion | BPY BPH BPL] BPH | BPL | BPH | BPL | BPH | BPL] BPH | BPL] BPH
Scrences:  Second  Edition, Springer  Berlin SOz
Heidelberg NewYork. (Epof)

24. Zev Ross, et al, 2006, “Nitrogen dioxide -2

prediction in Southern California using land use 222

lhr [ 0 0.040.021f 0.05(0051| 0.1 (0101| 015 |0.151 0.4 [040) 1

1hr [ 0| 0.030.031f 0.06 0061 | 015 (0151 0.2 |0.201 0.6 [0.60) 2

lhr [ O 2[201] ¢ | 901 12 |1201| 15 (1501 30 [30.01 50

. . P . . Os 1hr 0| 0.040.041 0.08 |0.081| 012 |[0121| 0.3 (0301 0.5 |0.501 0.6
regression modeling: potential for environmental (pprm)
health al']alyses” JOLZ]’]Y&[ OfEXpOSLZ]’E’ SC]’@UC@ 3[70’ ZZ/;IE; 24hr| 0| 30| 31| 80 81 120 121 200 | 201 | 300 | 301| 600
Environmental Eprdemiology, 16: 106 -114 Tgr— 1o

L= 19 . (C—BP,)+I,,
25. www.airkorea.or.kr P BPa P
26. www.sgis.kostat.go.kr I : The air quality index for each target pollutant

Gy : The rounded concentration of each target pollutant
27. www.oecd.org BPw: : The breakpoint that is greater than or equal to Cp
BP0 : The breakpoint that is less than or equal to C,
It : The index value corresponding to BPw

Appendlx Lo : The index value corresponding to BPo

. =X : www.airkorea.orkr
Table 1. Variogram parameters for pollutant .

pml10 03 no2 O 502

a 1372 -6.60E-19 00001768 02439 [3.504e-00 )
para [p| 7.292¢+004 7.95E-14 01525 6294004 | 04094 Date Received 2014-08-25
-meter| ¢ 886le+004 174E-09 -0.0005154] _5.831e+004 - 1st Reviewed 2014-09-21

d ) 0.000127 ) - -

Gaussian cubic Power Gaussian Power Date Revised 2014-09-29
function |7(z) L b)Z)f(”” o) m):( - - 2nd Reviewed 2014-09-30

=axexn|- |7 =od’ + b+ oot d| =axa’+e foxexp|- £ —axd’ .
Date Revised 2014-10-16

v 08158 06636 0485 06515 06567

ad)-r 0.7851 05719 03992 05934 06303 Final Received 2014-10-27

=EAZ | 167



	도시 특성과 대기 오염 수준과의 관계 분석 연구
	Abstract
	Ⅰ. 서론
	Ⅱ. 선행연구 검토
	Ⅲ. 수도권 대기오염 현황
	Ⅳ. 도시특성과 대기오염 수준간의 관계 분석
	Ⅴ. 결론
	인용문헌


