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ABSTRACT

Purpose: This paper aims to investigate the concentration of fine particulate matter (PM2.5) in the Seoul
area by predicting unhealthy days due to PM2.5 and comparing the regional differences.

Methods: The extreme value theory is adopted to model and compare the PM2.5 concentration in each region,
and each best model is selected through the goodness of fitness test. The maximum likelihood estimation
technique is applied to estimate the parameters of each distribution, and the fitness of each model is measured

by the mean absolute deviation. The selected model is used to estimate the number of unhealthy days (above

75,ug/ m® PM2.5 concentrations) in each region, with which the actual number of unhealthy days are compared.
In addition, the level of PM2.5 concentration in each region is analyzed by calculating the return levels for
periods of 6 months, 1 year, 3 years, and 5 years.

Results: The Mapo (MP) area revealed the most unhealthy days, followed by Gwanak (GW) and Yangcheon
(YCO). On the contrary, the number of unhealthy days was low in Seodaemun (SDM), Songpa (SP) and Gangbuk
(GB) areas. The return level of PM2.5 was high in Gangnam (GN), Dongjak (DJ) and YC. It will be necessary
to prepare for PM2.5 than other regions. On the contrary, Gangbuk (GB), Nowon (NW) and Seodaemun (SDM)
showed relatively low return levels for PM2.5. However, in most of the regions of Seoul, PM25 is generated
at a very poor level (75ug/m3) every 6months period, and more than 100ug/m? PM2.5 occur every 3 years
period. Most areas in Seoul require more systematic management of PM2.5.

Conclusion: In this paper, accurate prediction and analysis of high concentration of PM2.5 were attempted.
The results of this research could provide the basis for the Seoul Metropolitan Government to establish

policies for reducing PM2.5 and measuring its effects.
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2. 97y

Table 1. Glossary of Terms

n: number of observed data o scale parameter

Parameters . .
p: location parameter A shape parameter

CDF: Cumulative Distribution Function
EVD: Extreme Value Distribution
Acronyms | EVT: Extreme Value Theory

GEV: Generalized Extreme Value
GPD: Generalized Pareto Distribution

MLE: Maximum Likelihood Estimation

MAD: Mean Absolute Deviation

PDF: Probability Density Function

PMZ2.5: Particulate matter of diameter less than 2.5 um

Acronyms GN: Gangnam  GJ: Gwangjin DDM: Dopgdeamun SD: Seongdong YS: Yongsan
for GD: Gangdong GR: Guro DJ: Dongjak SB: Seongbuk EP: Eunpyoeng
Districts | G5 Gangbuk  GC: Geumcheon  MP: Mapo SP: Songpa JN: Jongno
in Seoul GS: Gangseo NW: Nowon SDM: Seodaemun YC: Yangcheon JG: Junggu
GW: Gwanak DB: Dobong SC: Seocho EDP: Yeongdeungpo JR: Jungnang

2.1 glojg 3§ 24 =+

=0 AEA A9 PM2.5 HolHs= dlojsg]olellA Algshs TR Hetde] HEAEE E8319)
o} 24 717 PM2.59] kvt aNE Al o R E iy HEAAES] 20149 1€ 19~20184 6 3047+

, ZUAHA 7 B5E A k2 A5 A (missing value)oll thalM = A AL B418 R8st} w3k EVTol A
= dvtq o g HulX(maxima)E &k, 2 =ol A= YAAQ HUlA s PM2.59) A &AI7HS a5k §
a) 4Y FHiH(daily-mean) HIOJEZ 48 A3gsItt. B4 =R E 2 RS FEalon, dojg dA g
excel'= 7 AH&FSITE EVTE A-83817] 91l ARE-¢F R #7]A]= evdol™] dlolH dA g, 1 5] A& 9
3l dplyr, ggplot2#71A| & ARE3IITh APl A (@8 AA ) E R A 7] EAFE Table 29 2t

Table 2. Basic statistics of PM2.5 concentration for each district in Seoul (2014.01~2018.06)

District DB | DDM DJ EDP EP GB GC GD GJ GN GR GS | GW
n 974 910 | 909 938 996 876 871 968 | 948 | 942 | 936 | 959 | 913
min 2 3 2 2 2 1 3 2 1 3 2 1 4
max 92 103 110 106 108 92 95 97 96 107 | 119 | 103 | 101
mean 24 24 25 26 24 23 26 25 25 26 25 25 27

sd 13 13 14 14 13 14 14 14 15 14 14 13 14
District JG JIN JR MP NW SB SC SD | SDM | SP YC YS -
n 862 919 991 913 861 925 913 | 1005 | 964 | 927 | 887 | 865
min 3 2 2 3 2 3 2 2 3 2 2 2

max 89 93 101 114 92 98 104 106 | 113 | 89 106 | 124 -
mean 24 25 25 27 23 24 24 25 23 24 25 25
sd 13 14 14 15 14 13 14 14 13 13 14 14
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Figure 1. Boxplots of PM2.5 concentration for the districts in Seoul
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Table 3. The PDF and CDF of fitted distributions

Distribution Probability Density Function (PDF) Cumulative Distribution Function (CDF)
|- (ee] el ] el [
Weibull flz) (a)(a) exp p F(z) =1—exp p
/€ _ \(=1/9 - Jo
exp(* 1+§u) 1 , €20 (1+§% “) 1 lexp(*(lﬁu) ),§¢0
GEV | fla)= o o Fla) = L 7
exp(— r expl —exp(— H)), £E=0 exp —exp( M)] , £€=0
—1/¢
GPD flz)= (1+§ ) Flz) = o
1—exp|— M) , £€=0
Parameters Location: p, Scale: o, Shape: &
S Ab71e] B4 QojA, A4 1L Allo] M= A (AT return period)sh L ARo] Ah} 2 L
§ s8sith Aldese volge F71(1/p)ell wet A (1)€] pg WsAIA7E

U=A (A E5F return level)7F vl$- F2

A ARYE = Sl

T, = [1* —log(1—p)} q
2.2.2 F4 =g AH
z| Eaé% A3 98 o9 2 (209 Zo] MAD(Mean Absolute Deviation)
W wEgoR 49 CDF ghel Ao #HA}

&4 (Empirical) CDF&} ==4]
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Figure 2. Analysis procedure of this research
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Figure 3. Diagnostic plots of GEV and GPD fitting for Dong-Jak(DJ) district
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Figure 4. The residuals and MAD of fitted distributions for Dong—Jak(DJ) district

Table 4. Selection of the best model and the MLE for each district

District Model Location Scale Shape District Model Location Scale Shape
MAD (SE) (SE) (SE) MAD (SE) (SE) (SE)
DB GEV 17.647 9.489 0.057 DDM GPD 25 11.912 0.01
0.00039 (0.265) (0.196) (0.019) 0.00037 (NA) (0.691) (0.042)
DJ GEV 18.612 9.782 0.089 EDP GEV 19.246 9.709 0.086
0.00035 (0.274) (0.206) (0.019) 0.00044 0.271) (0.203) (0.019)
EP GEV 17.901 9.231 0.071 GB GPD 30 13.147 -0.093
0.0005 (0.257) (0.191) (0.018) 0.00042 (NA) (0.899) (0.047)
GC GEV 20.01 10.155 0.047 GD GEV 18.354 9.91 0.057
0.00034 (0.286) 0.211) (0.019) 0.00028 0.277) (0.207) (0.019)
GJ GPD 30 15.108 -0.1 GN GEV 18.927 10.147 0.076
0.00032 (NA) (0.974) (0.045) 0.00021 (0.284) (0.213) (0.019)
GR GEV 19.039 9.78 0.055 GS GEV 18.762 9.796 0.04
0.00035 (0.273) (0.202) (0.018) 0.00038 0.274) (0.202) (0.018)
GW GEV 20.549 10.187 0.065 G GEV 17.621 9.34 0.061
0.00042 | (0.285) 0.212) (0.019) 0.00031 (0.264) (0.197) (0.02)
IN GPD 25 13.823 -0.061 R GEV 18.375 9.917 0.074
0.00036 (NA) (0.768) (0.04) 0.00036 0.277) (0.207) (0.019)
MP GPD 25 14.38 -0.037 NW GPD 30 13.189 -0.066
0.0003 (NA) (0.74) (0.037) 0.00048 (NA) (0.912) (0.049)
SB GEV 17.786 8.994 0.083 SC GEV 18.137 9.632 0.063
0.00028 (0.254) (0.192) (0.02) 0.00044 (0.268) (0.199) (0.018)
D GEV 18.767 9.858 0.057 SDM GPD 30 12.038 -0.031
0.00026 (0.275) (0.204) (0.019) 0.00047 (NA) (0.815) (0.044)
Sp GPD 30 10.513 0.017 YC GEV 18.801 9.907 0.092
0.00028 (NA) 0.773) (0.055) 0.00047 (0.28) (0.211) (0.019)
s GEV 18.972 9.603 0.08 B
0.00029 (0.269) (0.201) (0.019)
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AA R 238 5= 1090t} 28T AF9S GEVIF H 49 B¥olmg GEVS CDFEXE F(z) < 75=0.9949
E A48 F o, Toug/mPE 23 35S 1— F(75) = 0.0051 0]t} b =8 xoe] 4 dds=
0.0051 X 909 days = 8 days = AXFe 5= Ut} 2] A YUl FHAG59] 2pol= 292 M s 24 s)
A FAERS F7bssiTt

Table 5. Predicted number of unhealthy days (above 75ug/m® PM2.5) for each district

District DB |[DDM | DJ | EDP | EP | GB | GC | GD GJ] | GN | GR | G5 | GW

Actual no. of

unhealthy days 10 10 15 13 10 8 14 12 14 15 12 8 17

Predicted no. of
unhealthy days

District JG JN JR | MP | NW | SB | SC | SD |[SDM | SP | YC | YS

8 9 15 15 7 6 12 11 12 14 11 9 16

Actual no. of un-

healthy days 8 14 17 20 12 9 14 13 6 6 16 11

Predicted no. of 3 10 13 17 8 9 11 10 7 5 16 11
unhealthy days

(*Blue: Low return level, Red: High return level)

A S 18 5 AL P A48 A ARYE 0GBV 1T e ATADRA 7
7 PM2.59) FHofet xdoz
234957} 109 v]wel A|efe JR(A 99, F4
g 7

T(EA 8, F4 8%), A

3.3.2 A9E 2uNHA| F= A
APHE 5] PM2.59 B 7] 9§ 5 sofstaat 2t A19e] PM2.5 A@TES A8k 671
9 14 Table 60l Wepfom, x|

59 &= o] A eA 671 F7]m
Byt 78.32ug/m? 2] WIS U 9] PM2.57F HAIStAL Stk 1 Y12 et 87.88ug/mPolH, 3 F7
it 102.12ug/m>e] PM2.57} 28 4= olth. thA] 4 0. & PM2.59] AdGao] We x9-8 ZHE(GB), =9 (NW),
A HE(SDM), F3HSP) FolH, Aol F2 A ZHDJ), FAYC) T2 vehdt)

WEW
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Table 6. Return levels of the PM2.5 concentration for each district
District RE KL RE RL District KL KL RL RL
(6months) | (lyear) | (3years) | (5years) (6months) | (lyear) | (3years) | (5years)
GN 84(78,91)| 95(87,104)| 113101128)| 11X108140)| SDM | 73(68,79)| 80(74,89)|91(83,106) |97(87,114)
GD 78(73,85) | 88(81,97)103(94,117)| 103(99,127) | SC 77(72,84) | 86(80,96) | 103(93,116) | 103(99,126)
GB 72(68,78)| 78(73,87)|88(80,100) | 91(83,107)| SD 78(73,85) | 88(81,97) | 104(94,116) | 104(100,126)
GS 75(78,92) | 84(78,92)|97(89,110)| 97(94,118)| SB 76(71,83)| 86(79,96) | 103(92,118) | 103(99,129)
GW 83(78,91) | 94(86,103) | 111100125) | 111(107,136) | SP 72(67,79)| 79(73,90) | 92(81,111) | 98(85,122)
GJ 79(75,85) | 86(80,95) | 96(88,109) | 10091,116) | YC 85(79,93)| 97(88,107)| 11614132 | 116111145
GR 78(73,84) | 87(81,96) | 103(93,115) | 103(99,125) | EDP 83(77,90) | 94(86,103) | 110(101,127) | 11(X108,139)
GC 80(75,86) | 89(82,98) | 104(94,117) | 104100126) |  YS 81(75,88) | 10293115)| 108(98,123) | 108(105,135)
NW 75(70,81)| 81(76,91)|92(84,106) | 96(87,114) | EP 76(71,82)| 86(79,94) | 101(92,114) | 101(98,124)
DB 75(70,81) | 84(78,93)[97(90,112)| 97(96,121) | JN 78(73,85) | 85(79,94) | 96(87,110) | 101(90,118)
DDM | 77(71,84)| 85(78,96)|99(88,117) | 105(93,128)| JG 75(70,82) | 84(77,93)|97(89,113) | 97(95,122)
DJ 83(77,91) | 95(87,105)| 11418129 | 11419142 IR 81(76,89) | 92(84,101) | 110(99,124) | 110(105,135)
MP 84(79,92)| 92(86,103) | 105(95,122) | 111(99,130) | Mean 78.32 87.88 102.12 103.72
(*Bold: Low return level, Bold Italic: High return level), (x()=95% Lower limit)
reriod= 6 months 377- period= 1 year
PM2.5 (pg/im®) PM2.5 (ug/m®)
B I
: :
72 375 a0
125.8 125.0 127.0 127.1 127.2 1268 1269 127.0 1271 1272
PM2.5 (ug/m®) PM2.5 (ug/m®)

115
110
105
100
95
90

115
110
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100
a5

Figure 5. Return level maps of the PM2.5 concentration classified by districts
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