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Spatiotemporal Analysis of Variability in Domestic PM10 Data
Using Grid Based Spatial Interpolation Method
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Abstract

This study analyzed spatiotemporal variability in domestic PM10 data from 2001 to 2019. From annual numbers of stations between
175 and 484, the point data at each station were spatially interpolated using the inverse distance weighted method. A periodic
variability in daily mean data was examined through wavelet analysis, which showed that there was a clear annual pattern with
the periodic change following a regular cycle. The Mann-Kendall Test for monthly and annual mean data showed a decreasing
trend in about 1 ug/m’ per year. The spatial change in the grid data for annual mean data represented that it was relatively higher
in the northern regions than that in the southern regions and its mean and deviation decreased significantly over time. For the
entire period of observation data, it was found that annual mean and standard deviation of PM10 concentrations were relatively
high in the region near the metropolitan area.
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1.M2

FH 5o, 7] T v|MHA|(particulate matter, PM)+=
AR TR o7 A3 thr1 o B4 F U= 2Ea
ATKPark et al, 2020). PM-2 0.005~500 tm2] Z71E 7FA 2L
Rom e Fiol wet 7] bE A7)E 7RIt
(Hwang et al, 2021). ©]% 10 zm ©]3}2] BlAAXE= Q1A
22 Y v 7FsAol =om, kel =7t Feld
T ol Fako] Atk dHA Tk webA] wAHA
A7TE ARHAIR g AEE0] TSRO, oF tEH S
2 PMI10¥} PM257} -2 ARBE]AL Itk 555 PM103 PM2.5E
Z¥Z} 10 pm, 2.5 BT 22 HAHRE dH=T 10 um
ojate] HMHA= F7] Tl F-f JEHiE EXetaA A=
9] Qlof] Rafwo] gleo] 7]8-E war HS Apckete] F31Rt
& 5578 2 S 55 Adlele] AE sl oy
< Ity g ofye} Ff Al mAuAE S5S
ol Al Hdsted 7198 & Hof| F2RE) ol YAk
T Y= A, A7), AELE 5ol ofsie] AA= JF
+ HE Foll g SH=o] Qo] fafigh FEE 7IXIth
o]t o]f=Z AAEA7]7HWorld Health Organization,
WHO) 4} =74 97 Ax(International Agency for Research
on Cancer, IARC)OIM = FIAHAIE 15 AIELZ EF73}
71% 3FATHIARC, 2013).

TUNAHE o] s PMS A73H7] I8l thdet 2%
EHES 28 Folth WA, 20053 S AF-S 53
12 =4 U713 7[EAYS vEa, olE B
= 22} Al ¥(2015~2024)= 215k ItHKang, 2020).
20131 ZrAEA|PM2.5) thigk tl7] $737]5S st
Aom, 2018 d= wARA] B EHRA & st
A F321 Folth 20199 AR= vARMAR Q1% B3iE
ARBJAGO 2 273l wet SR 5 127 BARA s
S 202271 mIAHA] I wiET 30% S-S SRR
g LS AT RO slY 2Ee 53
A wjEdS A o= 7Esie] 20229714 5 vilE
2o 31.9% 7=o] ZFssithal Wil7= skth

til= AR= 198437 7|29 T HAE S}
7] AR BAloll= BIAHA(PMI0 B PM2.5)E A1
243} Zlo] ofg} ¥7] Foll W= WA 2] = Total
Suspended Particle, TSP)S S43Ith A= PM10 #5-2
1995 A&ellA] ARFEIQITE 28y, i A9E2] 735
20001l o228 A= AlFeISTh ghE, PM2.59] 7T,
Aol AE 20020 5] B5E2 ARRIAIRE 20139 o<k
#HHE 7Es v o, Ao g2 E 20159 AR
B =S AIZ3L o)XY PM2.59] A A= Aglez
QI3l mAMHA] ] A7 |HQ] As-& ART] 2lsiAE PMI0
S &8 ) §l7] ol tlREe] IdTE T3 PMIO
of tigh W&-S b7 Qv AAolth
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H =0 PMol T3 AF-E0] S| o] Fo|A|1L JUTh
PM#} HAE AT FEIEY 58S Wela, A oiY
< A97] 218k y8o] =5 o]Fal UTH(Lee et al., 2005;
Hwang et al., 2009; Lim and Cho, 2017; Park and Shin, 2017,
Kim et al., 2018; Lee et al., 2018). Z15}oll PM©] 73]l
v X]= F&KLee et al., 2014; Kim et al., 2017; Kim et al.,
2018; Choi and Kim, 2018)°]u} PMel| theh 913 Q1] 2
1A FHH A7(Choi and Kim, 2016; Kim and Han,
2019) = FokE & Utk ol9]oll= PM} B’ WS
o] FFHA 2 HHAE st g ATEE Al
ZrolE 4= It Weng and Yang, 2006; Jin et al., 2014;
Nguyen et al,, 2015; Choi et al., 2019). 38, LUF AFEo)A
= W PMO] AIREARQI W3} oS A EAL, o] &9
A& zpolE AHEI|E 3 THYeo and Kim, 2019;
Yoon, 2020; Sung, 2020; Park, 2021).

T2t 71E vARA] o) daido|u) Beba ]9
a4 55 Adsh] fsiAe PMel thet AlETEERI
o] wi- ol s Bkt RS A7 AH
ASES O Betst ofE dlid A9 tiEgto = a1
SFATE L A(Jeong, 2018; Jeong et al., 2021)° A=
PM9] 33Xt EEE et ot @A FHEIEE AR

S FRISh= A=l 21X oF&d] PMS F7]
Q1 o] Atkar dEA )= sER|NE A o7 o]y
of thsll AEZF A7 oleld F714 549
TS B3] Jang et al. (2012)3%
| sl AES A58 dF Zol&
Ao g A v AR ARE 18R eH
W= 71 W 5712 Ao Akl wet WekA] efethal
7Pgsl6athE AV Atk BelskAbd, AdTES 31t
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olo} Bz BT BHS TG ATEo] T iolnh
oleid 49, 37149 AAL 7k Aol i) A8
A K A BY S glek PME| A% A7h 9T
AR S s B2
o olEe] 1L Tefslel AFHS BAT Bavt Ak

2 F PMI0 A2E o] 83ted, AlF2H WEA B4L
saslenh BAL 95 o
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S 9l3) BEAEe) AFAHL 20019HE 2019471

Ze] AgE FE3tTh WA, sl 713 W 7 FellA
1713 7] AR E Husle] 72 A5 BE=AE ujo}
3tk 2001 2 #=2(Unchanged)2] 7i9-= %= 36571
o]H, o]% 2ld% FZAy(Established)2] 7H5= 1587H0]th
ob&2], 2001'd °o]F HE B#Z2A(Closed)r= 57§oIch.
Table 12> A=HEE ol 23t Zo]H, Fig 12 B54E°
AAE UERA Aot

Fig. 1014 1 = &= AAH, PM #54e T2
T B BA] A FAFH dlve S & 5 Atk
Table 1. Current Status of PM10 Observation Stations

Region Unchanged | Established Closed
Seoul 48 1 2
Busan 29 5 0
Daegu 14 4 1
Incheon 24 5 0
Gwangju 9 2 0
Daejeon 10 2 0
Ulsan 18 2 0
Sejong 0 4 0
Gyeonggi 91 19 0
Gangwon 12 14 0
Chungbuk 12 10 0
Chungnam 9 26 2
Jeonbuk 17 10 0
Jeonnam 19 21 0
Gyeongbuk 23 16 0
Gyeongnam 25 13 0
Jeju 5 4 0
Total 365 158 5
O Unchanged
A Established
38 < 2 Closed
a
37
:i-:; 36
E 35
34
33
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Longitude (°)
Fig. 1. Location of PM10 Observation Stations
4z} 7|8t BZhE7E

o1% ] Aol = TiRe] Bt AHHA, B
S

o] Y- Aol |FFo] glo] WA Nl F7} A7k
Basihy B 4+ gt Aol gty & 4 irk
ONE BEAE F YW AL AREL FTVATAL

of| o} ] o www.airkorea.or.kr) ol A A|-&3FaL Qlt}. oo
FglolollA= =71 & ARA|oA] &F3h= Fig. 19] 44
ZRE 77 8 A B2 A 2~El(National Ambient air
quality Monitoring Information System, NAMIS)S 53f €
ARE TR o EARE AAES FH FHOIAE 3
2001'3HE o] HFTEE ASE viEzstal Utk id Ase=
AR SR E A FHET 2 ATelxe 4 BS54 AsE
HESI, Fa3 d54ko] SAchs B IS4 AsE
AEsiach 1 A, AR Ha 17570004 Ao 48470
o] #Z249] PMI0 AR7F = ATH

o|MH TZFAT} ddshA B¥xskaL YA ROoEE Iy
ZREAR] PM102] ¥istE A 7] QA= RIS
Ty et Utk &, T JAJ ARE Y Bske
ARSI, Fig, 19149} o] JFH o2 #AZ0] o]Foi]
I Qe AQE ol A UehA Heo]l =2
AT FXHEZE A WGSs4 7%= HBAE a2sision,
3t FAPIEE 001° x 001°2 AASATE BIke Sfalixe
A7 (Inverse Distance Weighted Interpolation, IDW)
< ARESISlTE IDWE 5 AFE2] EAJo] F 91X Alele]
Aol RjeEdtial e 22fsh F3tol| 7Rk 33t
I F P A7 E SREEIES 98 de 2ol=
Woltt, oju, #SE = Wt 028 AFH = 7457t
Bo, o B Al 09 A9e AAaFAEHA HERE 51
A 7E 28 B a7} Uth(Lee and Shin, 2021). Egs.
()& 2)= IDW FHHEIPES 202 53l Zlo|th
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3714, 7 & vAIS AR ] Bigeln, Z&= FH A3
T ofulsith ol nd IDW 282 913 X<
Nroltt. W= 7FsA]olH, o= Eq. ()¢} 2ol g A1H
7M1 9] A 4.2 Algell vhEHshE JE|= AlLkdck £
ATl E BE M| FRE st FHRIES 73
SiAth HFAO0E A Belo vistE A ET] S8, oA
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Fig. 2. Example of Spatially Interpolated PM10 Using the IDW Method

g 19 Bl A A5T) asEe] SRR 9
sHAl B31E AL 1T 4 Aok I A< Jeong et
al. 2021)0llA= AR W2l 0= PMI0 A9 RIS
Tt on, ASS 8l AEE doFEs 53 diH
7HE AAfste] olol thgh fraAS SRISIT ok i
Y2019 2€ 49)E X3 E 7HH] FIEEZT| Oigk
AAE HAFRITE I AF, Fig. 2(b)E T3l I=e
B ATte] 1R A9} Jeong et al. (2021)01A4] A|AIGE
A7} w9 FARHA Uehs AS g1 5 A1tk

3. g+ UH

3.1 Wavelet Analysis

Aol ER M2 {3kt Zolo] 7|4 E<r(basis function)
£ o83t 71 AAIE ARE T EHRICE HEE
3k weba ol sk g flolEsl MElelMe Als
o] M3lEl= FE-S & e ¢ Qo] Alse] BaLHQl
AH-& 2835k do {83tk

HelESl Wgke] 1A 45 2 Jo]ES (mother wavelet)
olg} shH, B flo]EEe] A= WMekscaling) ¥ &o](transition)
£ B3l ARE =Rl e 7S ASE T YYo=
HBSITE Bq. 3)2 9% Hlol&E3 M ¥ continuous wavelet
transform, CWT)<] 7|21 F2]ojt}.

W(s)=—— [ s T 3)
\/5/,00 ( s )

A71A, &= B HelER s UEhH AR-A *=
e B4 (complex conjugate)E 2|F|gH} 9} 1= &
FolE3l 2HE AT WS gt s= A= w7l
WM< (scale parameter)Z & o] E319] 7|5 2435,

10 St=EUjss =22, M223 15 20224 2&

Zo] w7 ¥ S(transition parameter)= 5 o] &<
= 4] B4 SIA=E o] sAIth oF=E W, (s, 1) &
59} & WZIHTE 7= A% flo)ER HERS ou|gith
z(t) = MRS EAsE dEAEE ougitt. flolER
< A B Bal] ghe 7HA7] "ol 27) Hlals
" (s,7) P22 ALEE wavelet power (WP)7} 2
AREEH, 2~ Efo] ZFsHA| Uehe 7|5 tiEfd o=
wetstr] 98l 2 ~ALYE WPE H S global wavelet
power (GWP) FE3+ Ho] &-8Ht}

dolE3 Aol gk Hgt afjAS fdsiAe dlolER
o AREFIE =rRlol] b= 2 S (scale)E AA 71
(period) 2 W&l Foof gith. A== & fo]EE
we} & 7H| Hle-2 tEA| vepdth 2 d7lie Hx
F717F A9 FL7 @S 7HA sliA SHlA o]fol s
Morlet o1& & fo]ER o2 et tHLee et al.,
2019). F71=, fol&8 &4 e EE ARE FHolA
A A Hskd = §17] wiitoll Cone of Influence
(Ccon 7ido] F-83HA AR 1Pds] e, Col= 7H
k2] EoHedge effect)”t FAIE o gl ¥HE oH|gith
o] Lol B0l ulg- 7| wiiol] AAE fMS

= 5383 o7 a7t B Aol A= Torrence and
Compo (1998)Z F13t] COIE Ay, gl 9
< A% A 9 SFeE FASATH

o
S

3.2 Mann-Kendall Trend Test

AAE Az e] AFAS ddshs 5AEE YPHES
A wiZfEeE R viesEeR o R FFEE .
w7 A B e nHT Bxo) gk 7pg-8 ks,
Hm7H2] WS o]2fst 7S EEsHR] b=t vl
NHFE WL o] BE AR o] IAIE SFHe=

BHT S Q) diel Aot AYY 52 s




AT F Y= ARlo] o, wifA
@o] Al8-FthHirsch and Slack, 1984).
Hloj7 42 WY F 32 Mann-Kendall Trend Test
(MK Testy= AAIES] 571 5= T S T 748 (monotonic
trend)< A3k Hl ARSEE= 7 ]‘ﬂO]E]-. MK Test= Mann
(1945)7 Kendall (1975)°1 &Jafl A<k ®Holw, MK Test
9] AF7H(null hypothesis) 4 T AlAIGol a4
o] ZAskA| B=rh= Zloltk vk s AA|| AP A o]
= A= 2 AHE F 4 QO F Seasonal
Mann-Kendall Trend Test (SMK Test)”} AH&-¥ ThHirsch

el wls)

et al.,

=
=4

o

A = PMI0 €8+ AlEE9] A= 78

A3 A3+= thL- Table 29} 7“:]-

Fig. 39| AlAIE ARE S8l I F Ae A Zo]
20024, 20063, 12]aL 20073 Z°l AF=2] PMI0o] H=
H AL A& 4= Utk 20108l o] F 2= 201133
20150 FJetAl =2 T=gke] ERISEANE o] B
Hol= 11 §57) Y

Fig. 4= 109, 50¥, 100

A

AS 7%

, 2002 ZFo 2 3

Table 2. Annual Statistics of Daily Mean PM10 in Korea

1982). -

MK Test 2 SMK Testol A= AoA12221 Kendall's tau s Year | Mean | Std | Min | 25% | 50% | 75% | Max
TEke] T So|S AZ=BHo 2 ATFe] SF S Hloksla 2001 | 60.4 | 309 | 21.1 | 42.0 | 52.4 | 66.4 | 255.7
o]0l ZkE]= Kendalls S2 T-810] Zapel Jue woyst 2002 | 64.2 | 582 | 19.8 | 40.9 | 54.7 | 70.1 | 650.9

91T}, Kendall's S7} %] zre 71 73% A)7bo) w= 2003 | 57.2 | 239 | 223 | 404 | 52.7 | 68.8 | 1524
27} 202 ou|ahy, o] ZHe 7}A HO 7ha Ho|= 2004 | 57.8 | 23.8 | 20.3 | 40.6 | 52.8 | 70.3 | 240.6
o] gtk Kim, 2008). 1%, Z7ES 1S AR 5, PvalueS 2005 | 56.2 | 22.7 | 183 | 38.8 | 52.3 | 69.3 | 153.6
23he] A SolHe ATEA BTk G022 o7} 2006 | 58.5 | 395 | 17.6 | 37.2 | 51.8 | 71.8 | 564.9
0.0591 A< PvalueZ} 0.05K T IAY 2o Ak o 2007 | 57.8 | 388 | 15.7 | 38.0 | 50.5 | 68.5 | 594.1
QTh= ATTIAS 4-gabm, wiojel A9 ARTPe 7]zt 2008 | 53.8 | 249 | 179 | 37.0 | 48.8 | 63.1 | 186.9
sl A IS 4830 BAF Test 530 Al Sen's slope 2009 | 53.1 | 26.7 | 14.7 | 36.4 | 473 | 60.3 | 216.5
(Sen, 1968)E|‘— 718715 TR o2 AR g 7L 2010 | 51.6 | 26.8 | 13.5 | 344 | 453 | 61.1 | 215.1

712 o)&3ta] AA R0 AFE o] AL ATBIE <= Q) 2011 | 50.2 | 29.0 | 12.6 | 33.0 | 45.5 | 59.1 | 3154

2012 | 447 | 17.9 | 11.7 | 31.5 | 42.0 | 53.5 | 110.2
4. j—_llLH PM10 %%E_ I|'EO'|| EH@. E—|H 7E:|J_'—|' 2013 | 484 | 21.3 | 18.6 | 33.2 | 44.0 | 57.5 | 145.8
2014 | 48.5 | 23.4 | 142 | 31.9 | 434 | 594 | 156.5
4.1 A2 H=EA 2015 | 47.5 | 27.0 | 102 | 32.6 | 442 | 553 | 374.1

WA, = PM102] 2A)221 A7 MBS AbE Rk 2016 | 46.5 | 19.4 | 13.0 | 33.5 | 429 | 55.0 | 186.2
o} Fig. 38 I Aol ek I ]. = Jehdgh 2017 | 45.0 | 194 | 129 | 31.6 | 429 | 532 | 184.7
7|4 )=o) FFe 7 59 6Y 30Y) FAEIH oM, 2018 | 41.3 | 203 | 11.6 | 26.4 | 382 | 52.1 | 133.5
AL o] fste] 7+ Aro] AlZ EL FEEYTE o]9) 2019 | 41.3 | 208 | 7.8 | 27.7 | 36.8 | 484 | 154.0
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Fig. 3. Time Series of Daily Mean PM10 in Korea
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PM10 ¥+ AH5.2] o] 58 (moving average, MA)< H
Tk &2 AR E9lolAE WEA] A, AR FAE
ERIsE7]ell= thas ool Atk T2 50 oV olF
Hts ol theRzQl aFAler F7148ES AR R

o A= IS 4 ok

F7H o E A5 APl WE W3S calendar plot2 53
A B9ITHFig. 5). ol AZFHQI HlmE Sla) A gEe
Axset] AeE AVFo 2 JERd T1ejazo|t) Table 25
Sal BRIT 4 e A A ARG 6509 pgm’olA]
ok HnE golshA db7] Slal = PMI0 ¥+ 371%
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Fig. 4. Moving Average of Daily Mean PM10 in Korea
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21100 ugm’ oPde] 5L HHES Moz FUsHA Yeh)
Aot

T A, AEARL zpoleh ARt mhE A ThZR] 4re
s ERIT = Utk APEA 2lolE A A, 5o

HAZ s57F A by ol o FHoll= 43s]
P BES HoEth 7heE 254 Ftkle] A
| 5= PMI0S ERIE 5 Utk ALHoA 52=
ojojR= Wish= 108 S5l 3¢¥ SRWEA| opAlo} thFol
FES A= tIEA 1718k o] ZItk(Lee and Hills,
2003). =3+ A2H-2 BAREZ o &g X< S(surface
inversion layer)©] Zdsli =71 a1, AEZFo] eksiebd o718
2ko] o2 9] PM109] 557} ok = tH(Choi and Lee,
2012). B2l Yeh= Ak Gk w3 FAISE] ot
(Jeon, 2003; Choi and Choi, 2008; Choi et al., 2010; Jeon,
2012). 3K, 5ol 5 A9 vigo] = 7397} Bot
AREY o] AT ThsAdo] AW, Arde SR
Q13t mHH A 2] A7+ & 3K Olszowski, 2016; Park et al.,
2020) =5 ZS A o2 AT Agl] W ZhAE 17}
21 #AF BEo] Ak A7 Y AAZ] a3t
2890S 7102 IHETHBae and Kim, 2016). THL o2k
F718H FAIE T<ed] Al o2 37| = ol Hoh
5, g™ A e AX i 78RS ERlska
st A0l e A e AFHe=E

I

N

rr

N

T

=] A ARl tiet Pt ARE 0|83, flolE3
48 ST 2] vnE &) 72 Scale ¥ E WP
APgatlen, 2~ E-lo] kA Yehh=s 715 tieH
o= goksly] 98l 7+ ~AYE WPE Hdg GWP g
A 4838 tHFig. 6).

dojEel B4 Ay AvR PMI0S FANE AT

7M1 A= AZME F7]1E RHEEEH, o] gk RHE-L
uj-¢- fFERA 0" Uehdth o] gk nAHA] FE Skl
gk F71482 I AFdAE A5 vk JTKTian et
al., 2014; Park, 2021). 20003t L AlZtcol A= vl
S ARE B3 AR 2FERo] ERIHT|E it} o]+
A A HQ A =e] PMI0 BHYoA 710% o=
HIth 2000 ol A= oF 671 F71oM = mlAIRE AlS
7} BEE7= s, olgh AlE= 2010d el o]2 <)
Ae A =3 I Aok

£ AFeAE AREe] Yehlle A% 7714 wsdol
i = 71802 AR RIUTE Fig. 7S 2 dxE=z
AHE WPE HojZEr)

Fig. 7914 ER1& = & AAT, vz o g 5349
W37} 7 FEZZIth o3 Mk iR oF & &
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Table 3. The Results of Seasonal Mann-Kendall Test for Monthly Mean PM10 and Mann-Kendall Test for Annual Mean PM10

Variable Monthly Mean Daily PM10 Annual Mean Daily PM10

Kendall's S

-984.0

-143.0

Kendall's 7

-0.4795

-0.8363

Trend

Decreasing

Decreasing

Variation of S

9,804.0

817.0

P-value

<0.0001

<0.0001

Significant level

0.05

0.05

Test interpretation

Reject Null Hypothesis

Reject Null Hypothesis
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