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Abstract

Particulate matter (PM) is regarded as a major threat to public health and safety in urban
areas. Despite a variety of efforts to systemically monitor the distribution of PM, the limited
amount of sampling sites may not provide sufficient coverage over the areas where the
monitoring stations are not located in close proximity. This study examined the capacity
of using remotely sensed data to estimate the PM10 and PM2.5 concentrations in Seoul,
South Korea. Multiple linear regression models were developed using the multispectral
band data from the Moderate-resolution imaging spectro-radiometer equipped on Terra
(MODIS) and Operational Land Imager equipped on Landsat 8 (Landsat 8) and meteorological
parameters. Compared to MODIS-derived models (r* = 0.25 for PM10, r’ = 0.30 for PM2.5),
the Landsat 8-derived models showed improved model reliabilities (r* = 0.17 to 0.57 for
PM10, r* = 0.47 to 0.71 for PM2.5). Landsat 8 model-derived PM concentration and ground-
truth PM measurements were cross-validated to each other to examine the capability of
the models for estimating the PM concentration. The modeled PM concentrations showed
a stronger correlation to PM10 (r = 0.41 to 0.75) than to PM2.5 (r = 0.14 to 0.82). Overall, the
results indicate that Landsat 8-derived models were more suitable in estimating the PM
concentrations. Despite the day-to-day fluctuation in the model reliability, several models
showed strong correspondences of the modeled PM concentrations to the PM measurements.
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Introduction

2 3FEA Y QAo tigk T o] Lojutar Qe 7hed], ti7| G =3 Aol of
St Dol ZREI YTHIPCC, 2014). AIA] o3 A Fo|A HEE E25lo] ZA|SH
7} 7k E) 3 QL= 7he-d), 7] @ o] FRlA o) njx|= g3k w3k Z71E Ao 7 o4t

HhIPCC, 2014). 3] PM10 % PM2.5 5 0| M- X (particulate matter, PM)7} =177
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oA =AU FHFE AAshe 5 vlAl

—rim_l

of vl 91 o] §F B g 2718 Ao ofabgol we} ofol it A Zhukeke] & @ 4 Tt olx| L Qlk
(WHO, 2016).

o] 2|3k FAllof tf-3-5}7] fI5to, AFdEtrt 21 H of 2] |
AR E A 2 Hefshr] ek B2 o] Qlojgitt. shA|Th, S| o AA|F4E 5= Aolle
1 FHAIZE 7] Wil th 2 A = S AAIRSIE Hlofdt A oA A s = n|AHA &

o 2 7|57 o= A A Rl o]g] 20| u} E]'(Kumar et al., 2007; Tian and Chen, 2010).

o] FAHS FESH7] fIsl I 71N AA—FAZ RS &3 nlAHA] PEd AEo] e ofgt
o} bl &3 F=(NASA)= 20008 0] ZRHEE] 2| Z7HA] Terra®t Landsat 8 5 g AlA & B2 Q1
A ES 29 Zof A= (Levy et al., 2013; Remer et al., 2013; NASA, 2017), A A2 & ofj 712 2] 2]
gAtoll= Terra®l/doll @A Fald = SdAA(MODIS)ZRE Z55H 10 km B 3 km IS = F7ol
F 2 AFE-E 0|2ttt £35] MODIS 94} 7]8F & 2] 2 B o] H HEEQl of o] 238387 (aerosol optical
depth, AOD)+= Z| ™ of|o] 2F 5o Tt o 2] AA3to) -2 5] ofghth(Remer et al., 2008; Levy et al., 2013;
Munchak et al., 2013; Remer et al., 2013; Li, 2015; Seo et al., 2015; Chen et al., 2017; NASA, 2017). S}FA| ¢t
MODISQ| Y& I7 At e = AR E/\lx]oﬂg ERxlst= Ao] QlojA]= 1 x].g_;g%‘]-/dq] Qlo]A] vl —r;q
AeotA] e B¢ HHET o] & 70A15t7] 915ke] Landsat 829] 30 m 31t = G4 5 Lol JA
S 835 TAA Y A tf7] 3 B ALEo] 2| so]utal Qlth(Sobrino et al., 2004; Nadzri et al., 2010;
Chen et al., 2014; Saleh and Hasan, 2014; Sun et al., 2016; Yun et al., 2018).

oj2{gt FAof BFo] Mot = AP EES TUl =AY ti7|E H njMHA] B Ao F
g ok 2" "ot e Aotk & As 33l =7t 4ol gt MODISS} Landsat 89] 914 F 4=
&5to] M2 nAHA] F=E& o aitA o A5t oA 2dS 7iEetaz; shl)

et ko

Materials and Methods

HLH X OMIHE] X| &5 HR =

2 A7 AES AT A G o2 HASIATH Aol e =2 AT oA HZE 2pFud D 23
S HH 2ol 7]Q1% 7| 2 B w27t S7F FM|1S Kol QITKNIER, 2015; KOSIS, 2018). A4
2 25709 FAHFA(F) 22 U 7} o] ti7]E E% —4\—7]' Eo:] AEA Y A7 S-S 47
7zt 2 ae AN Aitsteta, o] ibakgl, o] 4kekd Z, PM10 2 PM2.59] X5 A0, 2
=A7Le BAE| o] A7t Wz FEE Zﬂ—c',—%q'(}:lg 1) (AirKorea, 2019). 7} Z|ol] B ozl A&7
Qﬂ1 AlS H3lFol & bS] Qo At 717E2 2017 89 19FE 2019 7€ 3147t
A2 Ao, A BAZH ALY F5= of|o] = 2| of(AirKorea, http://www.airkorea.or.kr/

o PM10 ¥ PM2.5 5= A5 E £33} thhttps://www.airkorea.or.kr).

o
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£ 7} Collection 6 Level 2 aerosol products (MOD04 3K)E NASAO|A &-83= LAADS (https://ladsweb.
modap-s.eosdis.nasa.gov) S 55+ F 55t MODIS AOD%NS 7-517] Q$h mhetu] Bl = ‘retrieved AOT at
0.46, 0.55, 0.66 um'= A &5}t

Landsat 8 G732 30 me] 34 =S 7H4 Standard Level 1 product (LCO8 L1XX)E 0]=-Z] A XAl
(USGS, 2019)°l| 4] 2-85}= EarthExplorer (https://earthexplorer.usgs.gov)S 551 55+t AODZE AF
=oll= M 7 GFEFME(band 2, 3, 4, 5, 6, NZFE Q] 4TS ARESHAAL, A 2% 2 Moran
et al. (1992)% Chavez (1996)2] Lol A AA| ¥ radiometric correction?} simple dark object subtraction 2!
Sobrino et al. (2004), Nadzri et al. (2010), Saleh and Hasan (2014)2] 7oA A|A|H 7| 2 L1 2] 5
83191k NASAS] 7|45 34104 A AIE Wtlol aket zhehm el B AE AODRS 714 QA Aol et
AhRemer et al., 2013). ZF YAdZFE2] AI7HA W Ql= 20179 89 19HE 2019 7€ 31L7HA] &2 AA =]
ot JAA g AZE Qo= ENVI version 5.1 (Exelis Visual Information Solutions, Boulder, Colorado, USA)
@} ArcMap version 10.2 (Environmental Systems Research Institute, Redlands, California, USA)7} AFH-8-%] AT},

|t Koiea s ’ “

e Kilometers ® Metropolitan ambient air quality monitoring station

Fig. 1. Study area in this study and the locations of ambient air quality monitoring stations and
urban forests (green) (AirKorea, 2019; Seoul metropolitan government, 2019).

7| AR
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MODIS AOD7 |1t DJM|HX| 5= =H2H

A E ARl 7] MODIS 97 718 nlMHA] 5= 34 EdSolA AAE 2dd -2 285}
Th(Seo et al., 2015). PM10 2 PM2.5 5% 3425 AH&E35H7] 935 MODIS AOD % 3l MODIS 94 2
AZbR S AR AR 9] 71 e NSNS ol SR AR st ARl A2l e Aidst
it melg o= A E Qo] SPSS Statistics version 25 (International Business Machines, Armonk, New York,
USA)E AHE-3HAIT

Landsat 8 AOD 7|tt 22! O|M|HX| S XX DE

225 220l 7|22] Landsat 8 B4} 7]8F 0 AR SE 24 melSo|A AAE meld) 8 4835}
2 TH(Sobrino et al., 2004; Nadzri et al., 2010; Saleh and Hasan, 2014; Lee and Park, 2019). PM10 & 5
T 2422 4Z5}7] 9] Landsat § AOD 2 s QAT L3 Ahe] 7)Ao 4 AEFHEZES
o Zw4 2 AHgstol AR AR AL Asteick. WA P S Sto] mele] 4yS Hrtel] Sl

S

g
=0
=<

2570 7+ F 207 Lo nAAA] 5= S SHARER, Y| 57 1 AE, Hoh =Y, R, 45)<
O HZA| 55 2470 A=28 2 AT Landsat 8 oA AF=E pM10 L PM2.5 5% A XS
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-
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Results and Discussion

=
(Pearson’s correlation coefficient r = 0.45, p < 0.001, n = 58), PM2.5 5= ST Fo] FHHA S it
7
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Fig. 2. Correlations between the observed (a) PM10 and (b) PM2.5 concentrations and AOD
retrieved from MODIS data. PM, particulate matter.
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PMEE FHXE AHE067] 99 3P AH 2D S 7Est7] 95 MODIS AOD B AIZHE F4
(wind speed, WS), &% (wind direction, WD), ~&th<5 & (relative humidity, RH), 7]-2(temperature, T)= ¢S
£2 AFRSIgch Zh ndl el w4 gl A2 Taple 13} Table 201 29F5HTH PM10 R Elof|A] B4 2]

Fo] gt M= AODI O W, PM2.5 oA foJt s T, B4 9 S TR YEFLTH Tables
1 and 2). 3FAI9, PM10 =342 of thsh 22l A (M) (° = 0.25, n = 58)T PM2.5 5% FA X]of tf
3l mo /\-IUElEﬂ(Mz) (r =0.30,n= 59)2 O H|HA] S 2 2A35}7]0 & Eﬁl’ ] oko 7o g7 mwtE| it} o]
213t A3FAdS AA L Z7HsiAEE of|o] 2F BFx] L8] 9] x}o]of th3h 2Eo] Aabe}l H|Lselct
(Munchak et al., 2013; Remer et al., 2013). %2 IZHIHE=E 7F7] AlAof -]% =2 AN EE 712 Al
LB 4 S ool YAk B P80l Sl e, A0S e SUAIEE A
A G2 &-gsto] n MR = gk o Heet 24X &
rslete), SLARA 5 23S A7) $1 RS A1) S0 Landsat§ AOD B 148

O

[o

R

do 7

=22 =
A A FBRESE oA SHSE AFESI o, ZHA|SE 82 th2-29] Table 39 2Tt PMI0 5 EFHE
dlo] AR (r*)2 0.175-E] 0.572 YEHGIL, PM2.5 =54 ZElo] AR (r’)2 0.475E] 0.712 YEFTH

(Table 3). WA AR 5= Z43ko] tjsto] mel2nE i
A gE g o] 7t LrERGA| gh, Mubz ol mdll Mg

=

78t mel B ok g 9bA 0l Z1 0 2 e CH(Table 3; Fig. 3).

H uNHA] s FHX7F 7= A2 o
WA A A= Landsat 8 7]5F 2 @lo] MODIS

>1'E e

Table 1. Multiple linear regression models for estimating PM10 and PM2.5 concentrations based
on MODIS-derived AOD and meteorological factors.

2

Model Particle size Multiple linear regression model r
Ml PM10 PM10= B0+ B(AOD) + B(T) + B(WD) + B(WS) + B(RH) 025 (n=58)
M2 PM2.5 PM2.5 = B0+ B(AOD) + B(T) + B(WD) + B(WS) + B(RH) 030 (n=59)

PM, particulate matter; 3, estimated coefficients of the model; AOD, aerosol optical depth; T, temperature; WD, wind direction;
WS, wind speed; RH, relative humidity.

Table 2. The estimated coefficients of the multiple linear regression models for estimating PM10 and PM2.5
concentrations based on MODIS-derived AOD and meteorological factors derived from Table 1.

PM10 PM2.5
Model parameter  Estimate  Standard error ~ p-value Model parameter  Estimate  Standard error  p-value
Intercept 11.372 15.064 0.454 Intercept - 1.844 9.773 0.851
AOD 20.710 8.890 0.024 AOD 5.742 5.556 0.306
T 0.053 0.509 0.917 T 0.244 0.329 0.461
WD 0.027 0.020 0.190 WD 0.029 0.012 0.022
WS -4.183 3.957 0.295 WS -5.745 2.519 0.027
RH 0.20 0.159 0.216 RH 0.269 0.102 0.011

PM, particulate matter; AOD, aerosol optical depth; T, temperature; WD, wind direction; WS, wind speed; RH,
relative humidity.
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Table 3. Single-day models for estimating PM concentrations based on AOD derived from high-resolution sensors (n = 25).

Particle ~ Date

S (i) Model CVr Multiple linear regression model

PMIO 171013 033 056  41.537-461264 (b3A0D)+261.194 (b4 AOD) +394.037 (57AOD) + 3.111 (T)
180525 0.57 047  202.892+415.25 (12A0D)+461.316 (b6AOD) - 584.025 (b7A0D) - 6.926 (T)
181101 0.54 073  127478-83.517 (H3A0OD)+299.799 (bSAOD) - 631.601 (H6AOD) - 2478 (T) +6.114 (WS)
181117 0.23 041  87.181-239.706 (12A0D)+240.511 (t4AOD) + 119.526 (bSAOD) - 153.162 (b6AOD)
181219 037 058 683.227-8336.853 (H3AOD)+5512.684 (HAOD)- 3056921 (H5AOD) + 3025297 (bGAOD)
190120 0.17 0.61  71.157-227.793 (bB3A0OD)+342.773 (bSAOD) - 167.974 (b6AOD) +3.079 (T)
190613 0.23 0.75  58486-121.041 (12A0D)-50.751 (b6AOD) + 119.034 (b7AOD) + 3411 (WS)

PM25 171013 0.62 091 5695+ 159.165 (H2A0D)- 432217 (B3AOD)71.195 (B4AOD) - 456.417 (F6AOD) + 1041.615 (57AOD) +2.026 (T) + 3429 (WS)
17129 059  -058  188673-477249 (b2A0D)+692.353 (H3A0D)+91.872 (H5A0D) - 93.151 (b6AOD) - 228 457 (HTAOD) - 9.189 (T)+ 1.221 (WS)
171114 0.67 -044  -519.788+517.754 (bL2A0OD) - 486.607 (b3AOD) + 892421 (t4AOD) + 121.813 (bSAOD) - 190.384 (b6AOD) - 6,853 (T)-4.82 (WS)
171130 047 -023  7.793-36685 (52A0D)- 15003 (b3A0D)+ 56616 (4AOD)- 8.114 (H5AOD) - 5.73 (H7AOD) - 0.613 (T) - 1.032 (WS)
180525 054 052 3198+ 12898 (2A0D)+ 112351 (H3A0D) +24.108 (H5A0D) + 187.044 (b6AOD) - 293.63 (H7AOD) - 1.35 (T) - 2305 (WS)
181101 071 033 37241+303283 (b2A0D)-324.199 (hH3A0D) + 13629 (HSAOD) - 695.947 (HGAOD) + 71858 (H7AOD) - 2.06 (T) - 1.233 (WS)
181219 048 0.1  049+6648219 (L2A0D)-7973.66 (HB3AOD) - 200.5 (AAOD) - 367.399 (b6AOD) +2017.869 (H7AOD) +2.504 (T) + 3.643 (WS)

PM, particulate matter; CV, coefficient of cross-validation from the correlation analysis between particulate matter measurements and
modeled estimate; b, band-specific aerosol optical depth value (band 2 - 7); AOD, aerosol optical depth; T, temperature; WS, wind speed.
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Fig. 3. Correlations between the observed (a) PM10 and (b) PM2.5 concentrations and modeled
PM10 and PM2.5 concentrations derived from Landsat 8 data. PM, particulate matter.
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