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Analysis for the Relations between PM10 and

Urbanization Pattern
: the Case of 5 Metropolitan Cities™

Sangjun Kang**

The purpose of this study is to explore if there is a ranking association between core-fragmented
developments and the concentration of PM10 by the case of five metropolitan cities including
Daejeon, Daegu, Ulsan, Busan, and Gwangju. The used PM10 concentration data(ug/ni) are the
annual values for the period from 1995 to 2019. The research methods are morphological spatial
pattern, spatial autocorelation, and spearman analyses, The major findings are (1) the positive
ranking association between PM10 concentration and core development proportion(rho=0, 264,
p<0.01). (2) the negative ranking association between PM10 concentration and fragmented
development proportion(rho=-0,298, p<0.01). (3) No significant associations between
PM10 concentration and Moran’s I values based on the core and fragmented development
proportions(rho=0,060, rho=0,080, respectively, p>0.05). This study shows that the fragmented
development pattern has a positive role for the PM10 management which allows more room for
the air circulation, It implies that the importance of wind ways for the land use management in the

Seoul metropolitan areas,
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EAIA oA AR B ZHEY 2 XS o % EXJolE Hsel o] 3150l
ofg] 7|EAFE Tl ==L ek FAH o2 Rt EX0lE AidEe] =4 Wl vAHAY &
VS S 71833 Zhe A B d750] o i}ﬂﬂﬂ o|FolA gttt 53] T SulelA=

&l §(2011), E71%F 91(2008), =& 53 ol Aol AR B
A 2EFEF di71ed ke BAgol Wi 7S DS 259 Aol wEY wEw
7ok ARG S71HE Zshe 719 AR FEle 53] B4l debdol Hile- FAA d=
Zfgtehar ok, B3 234 QJI(2014)2 Al FeHEE A9 IR Elo] e et
AL QlTh, EAolgolut /I Bl e qfiel WA, T2|1 ERNEY 2 EARY Ve

71E olg] ATEE TABe; TAEAS AT R TAISe} ti7]eE o] Bl =X EAE
ol =EE|A] et FTolls vAlHAIe 42 di7)1d E3E EASReR] A HoflA] =ojEaL gl
o}, HAHA = 2 PMI0, PM2.58 tido2 dAqtEed B3 - o4d2(2018)2 A&A] PMIO,
PM2.5 5% BEEE AZetal 2o YFs vX= AR ddEs FAER] A BAS

FHEHAL FY H wEA Y WA vAHA] FEEE} 2 WS FASIAh AE(2020)

Zhgtel wef mAIA] FErh SRR 02 Yol e &9 WAL UERA] o2 AL R 7]Eskal 9
o A4 HHM Y A 84S nNHA] AahEAe] 84S dFsiit. nAwAl s

HIEsto] & EXu Rk PAA A= AE gl o]gxl £)(2020)= H71EE L
2 AR ST B v Eate] A A EQL $A AR RoFt +Eo 2 WAES
=3l WA A 2013)E MAIHAIE HIRst] olitelatat ot As sl EA9 S
oF ti7] e ko] A E e Eetet AZEA Qe ]l aErrto] miAA| el A7)
Ve AT, vARR| 2 EAIS e EAISE ST BALE oA 71ET vl o] 2 F
THNA ==ar ek, shARE, @474 3 (2007)2 EA] = HePrt PMIO E&0]
& DAL Sk e EESIGAL, FEU(2019)2 PMIO §=ot EX|u) Zho] g H7HE
HE = A7 AR 93 PMI0 =9 A o] AeA7E ZEEQ T, AR 9 Lo A=
Of AT EEE s HolFal Qi ol & T oA e EXJo]g3 PMIO v]AWA]
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oFe) HAY, 53l =R AT nlAmR| ko] BAYE AT Al ST FAE A dEa

m

A 7]E AFolM= o9 Ze FA TR ofyel 37HA Al W oA 9] mIAHA] =2
el A7|E7]= sk S S o9 9](2020)0 WE=H FUI WA Y] EX|ujEgolA|w F
THRAE T2 shH U wiE 71 2R et G4 A] nAHA] B Jaro] #skrt gt
A 7Hs o] QIrhe S AASHATh ol F9A el 4] =ojoks ThE EAjolgo] §1X] - Hul
o) A S WA olojgetar ojstat 4 Stk

olggt F 7Y YA EHl(Spatial allocation) 7H'd-& Hal Q= EA|o]8 A= duH o R EX
ol-g-=ol tigt 2719} FelE Z2Ask= A3t 7L on|gthChen and Chen 2006), 3t o]t
2|23} BYE olalstr] 913t Ex]o]-8 FX 4] (Spatial pattern analysis)? 3R E-S vl
QA =2]%] 11 Ut Antrop, 2004, 2000; Carsjens GJ & van der Knaap, 2002; Chen et al,
2003; Yin et al, 2010).

UFEA HES BEA0lE S EA S tder 7|E AtollA o2 2 =o=al Q)
Breheny(1992)= USEAIE 718 SARY 17, 2524, EX0189 43 2 7|59 S3s)
Sttt 54 9 5o LEAT oA FHE FEf Rt Ett EAEARE Agshs e 4
ofstal Qlok, eRIE » AR E(2011)2 YFEAE oA =05 o] 2 FolHUE, AntEQAY
=9] o]l 2| 7] T 2L EAAY /HEE9) AHA deker o) oulrt Ack= FE A&k Qi
ole|gt YFEAl WE T hAsto] of2] MPATSE LAY LUFES A ET] flste] Q] i
oF Yol ot 9 e £E9 S oldfshy] sl ZAlE, Bt 5o e AR 5E

6=

oﬁ

G311 TS 9, 2009; F717F 9], 2008; U241 ] 2006), o529 A= dEF Al
H2E S-S A7 T diEsnse] wadyt HA AL 26k 5 o] & dAmad] 7

“
dv] B4E 245 Bel thet FIH 0 th7].09 ol FHHoleks oj7lo]
AN glont Qe mushe SAFTEE 232 o7 el RAHoleks o7 w5t Ho}

& oM s BEXolE2 FHIZ Y= BEXolE YAk 2l PMI0 nlAA] sk #-2ju]
gAY 7T 7S ATt @k €)(2018)0f mER =uje] 7 A= 200549 5
S S e di71gE e 71 2AEE vhskRlal NOx, SOx, VOC A5k sttt PM10]
FHHo] Stk e 1A & AtoAE PMI0S 2 v|AHA| sz x2 stk 2 o

o] PMIO WIA[HA] el &V JHBAIE 2ol J=AE
A= duEe Zlolnh, 24 Ee v} AEy) gof tha Jgaos ol
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AZKEE Ao ERARE SA8ke] Hejsha S PMI0 WA SEeke] AT ol3lE )
S £ A theo) £AE WSt Stk A, BARA AES ARE BA, SAs] e
ahd EAS TE AL 5 4 JERe] BAS A9 AT AA, A7) PMIO HA
A B2 ARES SR WA, AT EANEE ARES 38 A, EXvEE 42t
Ft PR ARAEA S S5 24 - TS} AL G (Core * Tslet development)& E43Hct, o]

o 2 Aol A =ofshe 2Tl 712 A5 =St IiollA Foks = Qe 7IE ALt

s

N

Aolat 37k QA4 gl ThRskel Wk AR AEo 71E Akt Aejatel 314 AA
S 713 o] ol HHA WO YHEA| Fehe] Avks AE O ARk - B,

2019: AFA  AHe, 2018), oA, I3 mhE3}E 7R (Core  Tslet development)©ll Tt &
AZA, 3 gH3} 7R (Core  Islet development) H]&Y
PMI10 A3t grafo] Aujolul 9PV adS AR, npxute® 3 » o3} 78] (Core - Islet
development)2] Moran's Index@} PM10 |3 Zte] Aujojut £AAIEA v o 2 23] Qic)
AT A B HAFAA, G A, AN, FARFAIA], g 9AE ARk 3
Al GEEA QL ARkl Blsf FE Qe AR =AISE W] Z7hssithe e 7Pk,
Al 8T W B2 A 9o mASE E4E Ze ot BAISHY] E4& Holal Qlo] AttiAAl
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ok, PMI10 WA A] 5= (ug/m)= 7134 AR (38 2ketel, 2020)00141 A=
2019714 25W A7t 2A47H Annual values)S AT 2021 49 712 oj7|8+
o = Al PMIO mIAIHAlE = (ug/mi) S35 1995\ 58] 20199 7kA] Alg=aL Qlet,
199556 2019@7H4] 259 E¢10] PMI0 %ol (18} Zth, PMIO0 vAHA] HEE 570
FAA] mEOA] ZA e vl A} Hol| 1L 9l FAIE Holil =t PMIO sE 200497H = A
oA Z Z9] Zjo|F B ot 20065 H FARE AR Hk gh Hols A 0R YERdt(IY 1),

o,
e =
i
lo



| GRET=5 20213 233 HM3&

(2 HFRHAX] PM10 OJM|HX| &&23:0](1995—2019)

B ol 20189 EA|TET} 257k PMIO B gte] A4S AwRd, teldre] ®
B A4z} of2] 89 PMI0 3H& s ni AL Azje] Bxo] g Al At 5

A3 A oo &
Aol §a9Ie] Ak B % ik Aoln 1 717F ok AR WEe] Jguel g o] ABEA o
Stehe g uo R At o|oh BAste] 0] BAISE) ATE SE En] PAY AT
LB Q78 BUR APES RO AR B ke BAUSE AW 30 S EG Furt
9% WoiZ9Iek(Stone et al, 2010) om Gio] 2 0] WYeA et A7kl 2

fi2a)
=
i3
RS
o
i)
ot
-

WA BAE B AT 7E 2] WAk AR, o] Skl whet 1t
Ha} /e o S7Fehe B Holi Qlo] F AR ESE s Y HAE A= AS E &

(r2 = 0.9484) (19 2). oli= ARG A9 A 713 Azt A oA 5

QP A SRUTHAY E= dtEE e R A= AR ARoA= woll HA g5 7 dAlst
I ek, & Atoa= EFA Algskes 2018 tEFEA TE =7t ARS-E ITHEG A7) 2018
H-20194, A= 30m, https://egis.me.go.kr/intro/land.do).
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(A 2) APl 22 W oHHSE Tl AEEtA|(E), THESt Atz 0]0|X|(S)

KZ2(SESALE]). https://www.econovill.com/news/articleView.html?idxno=320417 (HZEEZIEH 2IAIRIS)

oot
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ZH | B4 (Morphological Spatial Pattern Analysis, MSPA)& F 7M=L o]u]x] &}
=9 Fejstd g2 olalistr] ol AREEl= A olh MSPA #A1H4]2 o](Neighbor)& 4
o)5t= A4 M2 (Connectivity rule)d} a7 A Z(Effective edge width)S A 2)5H= H4=Zkoll 9
3] A4 E= ARG (Core area)E AAH= Ao 2HE AZHETHSoille & Vogt, 2009; Wickham
et al, 2010). MSPAS ©]-83 ¥71Ak=2 = w5 (Core), A3 (Islet), 2%% (Bridge), 122]% (Loop), 7}
A& (Bbranch), AA% (Edge), 23 (Perforation) Fe| =2 EFErHSoille & Vogt, 2009). & A+
AL 4 R AolEl= - (Core)}t ulHS} 7R AolEl= AHE([slet)S 402 AL 7
Yook, ojuf 224 A olE]= R0l Coreys(A7|H4 S Hf 32 utHsHE] R ¢k 3]

A7keE Ao g o]afdt 4= qlom HFE ofuwel 7] JAE 23telR] obe W E Qls uhHst
B UE 2 A} 2 37 FEiE SRRit(CLE 2).

Soille & Vogt(2009)0l] W= =Z7]H<=(Size parameter, S) Z71= % (Core) H| S TAAl7]
o Ao o} 5o & S7HE ke QU olek #Eske] Vogt et al(2007)2 Z7]W
4= 8¢ HA =27 (Pixel size, P) 2782 AA| A Fejut 247+0] Fefjsha] 7 A2 1F F/du]of ®is}
© 2= See HolFal Stk o]9} HEo] w2 A= deRtret A2 279 A7
SE= AIFZQ ey EARA o uldAlslrtal A4Sk (Ritters et al. 2007; Vogt et al, 2009).
2 Aol A= MSPA ¢dtollA dRbAQl W42 A= AAE Hagh(Edge Width=1), T4 o9
Zk(30meter), AAHZ(8 Connectivity, Queen)S AHE-5FHTtHSoille & Vogt, 2009). MSPA E4&
EA B PAE & SR A B Zokofl A AREE AL ItHKang & Kim, 2015; Kang &
Choi. 2014; Vogt, 2010).

[*]
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(3 3) MSPA 20|l 25t HElSIM ET [T Z2MA

m X Input binary image
m X1 =Td>35 [EDT(X)] Core
B X2=X\ Islet

® Y = {X1,X2,X3 X4,X5X6 X7} Resulting segmented images

Xi: Intermediate steps, Bod characters: Successive processing steps (the name of the final categories are typeset in bold only
for core and islet), T: Threshold operator, EDT: Euclidean distance transform, \ : Set difference, : Reconstruction by dilation of
X1 using X as seed. X3 = Loop, X4 = Bridge, X5 = Perforation, X6 = Edge, X7 = Branch.

(RI2. Saille & Vogt(2009)0i|Af 2t3)
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MSPA AYE AYAtE 2 ARESto] At Al 2H24e] o4 » s s} ZPdhA| Hof] thsto] Moran's 1
2 Local Indicator of Spatial Association(LISA) #4-& A|8¥3} T}, ZF ALtAIA] &of gist 37H]
Z714143L GeoDa (http://geodacenter. github. io/
Hed = FASATH T - dE, 2017; AAe) - A%l
off Tt 292 %4714 (Global Moran’ )2 2|8 gt 7]j¢f X
71 (LISA) = SHE A9l 37 e Bold=t £447 = 95% A8 e 535 T35t
+ 235t HH, HL, LH, LLE #3dt. HHe $AA SR R &2 gheo] 21 ol F
IS 9uleh LLe W e o4 ouigit), £33k & o
E2HER o]FoXl A9 %

S5 =AY FEeh 54 2 T S AVRES HSA o R Aujojul A

8 Z4 A PMIO WAHA] s=gkat SHEAd SolA g =i, Bl2edA

[l
= 0
§ juic)
& e
> 9
72 op
o o
5 £
s
© N
< e
N
T o
[ UZL'
o
192 =
T2
Ui mo

$
N
filo
f
2
N
rT
c

=2
H
>
2~
N

I

do
)
Rl
o M1 4

(Salvati et al, 2015; Zambon et al, 2017).

Il 2A1Z40}

19801376 201097k At 30W%E AI7HA] Holg Auf R 3539 A](70.637 km2)7} 71
B2 AV S71E Holt thE o2 FABF A (64.653 km2), ARFAA](64.018 km2), HAlgHA]
(42.223 km2), 734 A](32.563 km2) 40 2 et Qlck(http://egis. me. go. kr/atlas/view.do
?1d=104&section=06&pageNo=1&keyword=), 2018 EFEATEE 7|& A|7}A] H| &L FAHS
A 30%, h-gHA] 22%, SATFAA] 15%, WAZAA 22%, FFFHA 27% H=2 YEREIL Q)
ok A7HA % 238(Core)@ 7HH]E0] 7HE & A9 t-F A (76%), FARFAA(72%), B+
FAA(T1%), RAFAA(69%), ZAPEFAA(68%)= LrEhtaL glon stHs} 7 (Islet) AR Al
(5.3%), B3N (5.1%), HAFAA(4.8%), HF-FHAI(3.6%), FAPFAA(2.2%) A5 HlTt,
ZAPEAA = AZHA] ®skE, AIZER] v, A70EEE 5 s & o ok Aol vl =2 4

9] shpst A Pehg wo|w Qi
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(& 1) SRHAX] EX[T|S AZIX| HIE & HSHF 30|
AI7HR| ezt AZIX| HIE A7kt S (%) Moran’s Index

(1980-2010, Km2) (2018, %) 2% opEs} a9 2z st
SARLAA| + 64.653 29.96 723 22 255 0.074 0.489
CHT A + 32563 21.99 75.8 36 20.6 0.398 0.577
SAHA| +64.018 14.49 67.9 53 26.8 0.064 0.725
CHE A + 42223 22.01 69.4 48 258 0.214 0.261
HTEAA + 70.637 27.40 70.6 5.1 243 0.257 0.27

Figure 4, =& 2 mHH3s} JHLX| Y| X[2} LISA cluster maps

HEtX| Ix[(ZH2} LISA cluster maps($)

IHE3H JHLK| QIX[(ZH2} LISA cluster maps(2)
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(Note. S=2A: HH, AL LI, CHEMS | H = HLE LIEFH, 2(0ilA o2 ZFZAA|, ti7ZSA|, CiTZSA|, SALA|, S4t
J_I-0=IA|)

RN Moran’s T 419 ¢ AFdA B57t W A= A7|dade Holi qley I%
G GAI7E T 58 HO|THFARFGA] 1=0.074, H7-3<A] 1=0.398, &AHFIA] 1=0.064, o
AFAA] 1=0.214, F7FHA] 1=0.257), a3t 7§o] A9 /TR A7EsE ] ool A Zp=] s}
HlE2 22 h v A =2 FEO| S Holal Qeh(FAREAA] 1=0.489, -39 Al
1=0.577, 2ARFAA] 1=0,725, thAZAA] 1=0.261, FFFA) 1=0.27). LISA cluster map< 2+ 3
Al Wi o= A Qof|A FHA oA E= Aol WHEHEAIE Bt ST B9 ' A
oo wlsf th-gAlolA thar WA vehde shast 7S SARFAA oA Bl =& F7H
713 (HH)o] UehaL Ae(IE 4),

npAEro 2 25W7He] PMIO HlAHA] F=ot 57 FeAlolA A&t 24 ot Eae] =
FEgE obefot At (1) PMIO w29 7N vt 4 &AHAE Holal gith(rho
= 0.264, p<0.01). (2) PM10 5=} otHst 7 v]&= 39 SAHAdS Helal ltk(rho=
—0.298, p<0.01). (3) PM10 ==o} &x71Eo) tf3gt Moran's [&t= &HUAAS Holx] =
(rho=0,060, py0.05). (4) PM10 5=} s3] gt Moran's 19k= ¢918A4 §5o2 et
Hh(rho=0,080, py0.05).
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gista B0 s R8s EX0l8Y s 1A d T dh7|e kel WA Ate ot
oA o] uitA1gt EX|0]-§-A g9 oJu]F o]s HollAl 2L &jo)7} =t
25\d7te] AZF PMIO0 WIAHA] S8} vl FAA o] 23 E= s s} o] oA S
theat Atk AR, PMI0 529t o371 v&ah= o] 9 8AIE Bolal Qltk(rho = 0.264, 4
VA 0.01 ol A #-2l). PM103}F T8 TAE efvlshs e A7 o] S71g5 A%
A FEHE 7ok WAE Holvks Aot ol vAHA] S-S fleiAls 7] Fejet
Aglol /el S 2do] Hep fofnjsitte Aoz sjAd 4 Stk &4, PMIO w29 aH3}
A Blgite 9] L9EAAS Holal Qlthrho= —0.298, A 0,01 oA §-9)). =lH3}
AR 9} ZH= ofu|ef A A= TS} Aol ol nAWA] s=7t Wobd 4= gtk
Ofn|et=tl] abAS} o] - T A7EEE A A1) FRHA dAA o] W whE IRkE] H
to] mpgdd 713]7} o ol= Z wlAA] Y el =4 W di7|ees f1et ¥
o] A oleh= & AARITEAL & 4= qltk, Al PMIO 5%=&F Z347 o] tigt Moran's 19}
A HolA] ¢h=rh(rho=0.060, F8A 0.05 =EolA FoJsHA 95). WAl PMI0 &
o} g HS o] et Moran's 19H= =@ Ado] gl&2 & Yehdthrho=0,080, A4 0.05
Tol A FOlHA] ). Al E= whESt Aol thRk Moran's I Aohs thAdA] QhoflA] =212 <1 7i
RS0 oA nAHA] BoA= ofngitks A o= ofsfd 4= Sl& Alolth, ot 2 A
TollA HgRE 712 A7 A4S ©e7E SHEelH ol & SHE 9 see] Aot
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