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The Eftects of Urban Spatial Structure and Meteorological Factors on the
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Abstract

Despite various institutional efforts to reduce fine dust, high concentrations of particulate matter are becoming more
frequent especially in winter and early spring. In this study, using data collected from 57 cities in the Seoul metropolitan
area, we derived and analyzed meteorological and urban spatial structure factors that affect the high concentrations of fine
dust. We conducted multiple regression analyses using seasonal average PM,, concentration as the dependent variable.
Also, we developed count data models with the number of seasonal PM, bad (or worse) days as the response variable.
We found a strong correlation between these factors as follows: (1) the green areas in the city had a negative effect on the
concentration of fine dust from both spring and winter regression models, whereas the number of construction permits
had a positive effect and (2) the average temperature during the spring had a positive effect on the number of PM,, bad
(or worse) days from Poisson analysis and negative binomial models. Moreover, each rise in temperature by 1°C resulted
ina 1.15 times increase in PM,, bad (or worse) days. To the best of our knowledge, this is the first study comprehensively
analyzing the interrelation between meteorological factors, urban spatial structure, and particulate matters using both
multiple regression and count data analyses. In further studies, testing more fine-grained data may result in improved
analytic models for estimating the factors affecting high concentrations of fine dust.
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The annual trend of fine dust concentration in Seoul
(unit: zg/m?)
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Figure 1. The annual trend of fine dust concentration

The annual trend of PM, s good and bad days in Seoul
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Figure 2. The annual trend of fine dust good and bad days
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Figure 3. The annual trend of fine dust concentration across
the country, metropolitan area, and Seoul
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Table 1. Definition of variables

=2 Ha "o
Category Variables Definitions
PM,, AEE B s PM,o AEE Et & (ug/m?)
in ol K| PM,, seasonal average concentration PM,, seasonal average concentration (ug/m?)
40‘_;\_\_T [e:] . ,
Dependent 2FFE PMy, AEE UE 01y Y
variables Fine dust (PMyo &t 81pg/m? Ol) PM,o AEE LIS 014 24 (Y)
pollution level PM,, seasonal over 'bad days PM,, seasonal over ‘bad’ days (days)
(PM,, concentration 81 ug/m? over)
HEE B 24 HEE Bt 24(m/s)
Seasonal average wind speed Seasonal average wind speed (m/s)
71420l . . :
— . 77(%!:!:“_&&78 7X-H:I=IJ.L4£L7%C
Meteorological 122 St 7| 128 St 712(C) .
factors Seasonal average temperature Seasonal average temperature ('C)
HEE B 5 HEE Bt S=(%)
Seasonal average humidity Seasonal average humidity (%)
B0 F017(H B)
k] Total population Total population (one thousand peoples)
Population ol 017/ BRIF(2)/km?)
Population density Population/total area (number of people/km?)
AR AHA AUX|SHHA (km?)
Business area Business area (km?)
SYUXAHA SYUXHHA (km?)
Industrial area Industrial area (km?)
=X|XSAHA = XX SHHA (km?)
Green area Green area (km?)
FHNY GR(EY) 8 H5E BN 2 22
QIIE 21| K| BOF= Xlax(Xls)
i Entropy index Index for the total area of buildings for housing,
EX|o]2 -4
° = business, industry use (index)
=2HA Land use - .
Independent development SN SR
variables Total number of Total number of companies
companies (number of places)
EAZHE 20 -
DO TR O AT O A FOH | A
Urban spatial SUMZALUNAAE ot rmer2iatel AeHA(14)
Number of mining .. .
structure factors , ' Number of mining, manufacturing,
manufacturing, . .
. , construction companies (number of places)
construction companies
izl BUEXR/BHH(Ql/km?)
Err? lovment densit Total number of employers/total area
pioy y (people/km?)
e ST 3)
Total housing Total housing (one thousand houses)
- Ednn ST 7
=37 , Total households Total households (one thousand households)
Construction- - - -
housing FHEES SFEUR/BTI4(%)
Housing supply ratio Total housing/total households (%)
&SI NHESIHI(S)
Construction permission Construction permission (number)
e T 2HA/FZHA (km/km?)
nE Road density Road area/total area (km/km?)
Traffic

XISAISEC
Car registration

KISAISE0A(M o)
Car registration (one thousand cars)

Ao B PGy} 6572, AS

A vAEA] s

&

Bt =71 51,722 A
]

=0 S
= %
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H 2. WO 7| REAH Table 2. Descriptive statistics
H s HEZEHR| E|az E|chzk
Variables Mean S.D Min Max
PM,, & Bt S5 (ug/m?)
Average PM;, concentration in spring (ug/m?) 6572 641 51.58 81.66
OlM x| PM,, 8 T =T 3
~ 10 AE B S (ug/m?)
S& A>T Average PM,, concentration in winter (ug/m?) b1.72 6.71 406 657
Dependent  Fine dust PV, = LI 0[4 212(2)
variables ollution s e Vle =TE
Izvel PM;, over ‘bad’ days in spring (days) 21 8.71 6 44
PM; 748 LHEE Oled 24~(2)
PM;, over ‘bad’ days in winter (days) 6.16 474 0 19
B EZA
=B EX(m/fs) 179 0.51 0.67 3.87
Average wind speed in spring (m/s)
g "t 4(m/s)
Average wind speed in winter (m/s) 1.67 0.6 0.65 417
I 7|
Smgol = o2 7I=(C) o 13.04 094 1115 147
SEL Average temperature in spring (C)
Weather 72 T2 712(C)
factors = ol /T - R
Average temperature in winter ('C) 0.43 0.99 3.24 128
2 EE &%)
Average humidity in spring (%) 6979 5.34 51.06 7983
g B 55 (%)
Average humidity in winter (%) 60.39 4.69 51.09 756
E017(H )
oI Total population (one thousand peoples) 43175 24973 64 1231
Population 012 (91/km?)
Population density (number of people/km?) 1016381 819268 18841 2768139
XA (km?) 18 177 0.15 6.16
Business area (km?) : ‘ : '
SUX|FHA (km?)
Industry area (km?) 331 5.64 0 30
S X[X|SHHA (km?)
50.92 66.22 0.03 343.26
Cama Green area (km?)
Independent QNEZ D] Xlax(Xl)
variables EX|0[2 7% Entropy index (index) 073 013 05 096
Landuse: - zela0l)
evelopment  Total number of companies 30,728.58 1680643 3,740 72,281
Azt (number of places)
& 29l LMY ALY AMGHR ()
Urban Number of mining, manufacturing, 437742 354986 240 18772
spatial construction companies e S '
structure (number of places)
factors 20ic (0]
BTk i 485036 647122 6641 4044723
Employment ensity (people/km?)
S5E (T 3)
Total housing (one thousand houses) 12447 73 16 339
74 7
FIESEST Total households 1533 86.9 21 436
Construction-  (0ne thousand households)
housing FE=IE() 0.82 0.11 0.54 103
Housing supply ratio (%) ' ' : :
HEETIHA(E
'—:Oph.T(o) L 1,323.82  1,443.79 190 7,158
Construction permission (number)
2 (km/km?)
o= Road density (km/km?) 8.47 6.93 0.64 25.53
Traffic RISASS (T t) 15419 9657 22 476

Car registration (one thousand cars)
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Table 3. Multiple regression models for estimating average PM,, concentration in spring and winter

= EEiI-'HE%‘ 71%_ CI52H2E
A Spring model Winter model
Variables Coefficient Coefficient
Estimate t-value Std. Err Estimate t-value Std. Err
X1H
lel'l— 36.51* 2.632 13.87 56.4989*** 4,523 12.4919
ntercept
HEHA 7|
s S 712 o 1,057 115 0.90 - - -
verage temperature in spring
S HA 7|2
fg ad 7= o - - - 0.7577 0,923 0.8206
verage temperature in winter
A2 gd & _ _ _ . _
Average humidity in winter 0.0232 0.139 0.1669
XO|;_
. - - - 0.0014 0.415 0.0034
Total population
o|z10
DT | - - - -0.0004* 2531 0.0001
Population density
=X[R|GHA * *
G -0.04 -2.024 0.02 -0.0501 -2.560 0.0195
reen area
RNEZ 1| x| *ox
. 17.74 2.79 6.359 6.4615 1.015 6.3691
Entropy index
= AT
SAE . 0.00008 1.451 0.00006 - - -
Total number of companies
f=1s]]
Q== . 10,0002 1356 0.0002 - - -
Employment density
FEIHGS _ _ _ E )
Housing supply ratio 7.6631 0.899 8.523
HEF7IAA
E:OU}“T o 0.0002** 2.709 0.0008 0.0029*** 3.567%* 0.0008
onstruction permission
F 4.696 6.269
R-squared 0.3604 0.511
Adj R-squared 0.2837 0.4295
*p<0.05, *p<0.01, **p<0.001
7t ulAEA) el RoIRt oFe] IS nIAT ek Mol BT mula nh AR EAol g MRl S A R A 715 2
A, o2 Zol7] S8 ofe) AAAE 71%olm Gl AHAH e FAMS 7 017P7d¢7} folabl erd e Belg 4 9l
© Akt & 4 glek, e AeA R SR AAASe] o mAAY < ulEA) FE7} 2 A8 AgH
FRBIL Q= vAHA] AASS AW F, W Zopoll & 527} vjAEA| X17‘°ﬂ S78A% ANE nFIt= Ao o
gk mAHA] A7 ™ol I o] HFE ] QL AFE X T 4 ok ASs e HAAE T 4= ks el
Sre HATE A G2k 2ol ek AR ok mER AL Bl 4wl A Mol S ml A RoE Budk 4 oAl
5= QITHAEAL 2021). 53] A2A1Y] B, = 0484714 A =] A9 ALE vNHA Fol 59 Y= VA=
A AL D AME AR5 T S 2L QO MSA], AR Uty ol ATUES} £94E uuA] SErt
2021), HIAPAA] A7 915F & o A5A%0 B¢t updo] I Wolkith= ofmjo|t), Wk IERY] A48t nx7 A 2 o=
a8}, T 54 et Sagt W3S €, 2009)01th, =T}
PM, A& B SES FHUFR Sl USR] 2 RolAW iHAE 28 7109 4 Hmom pEICE]
s AEE 5 ot = Bl vis] ArgEe] tha A F oluA anPrEolEa O Ay | o 24 wiETol A
Vet S o 4= ook PM AEE Bt w0l footA 9F sk ARISE €, 2009; Newman and Kenworthy 1989)°.
S vl MERE AS IS o JRL, HAAHY 2 ojsfat 4 ik, i ATe] Ak oA 9le) e le]
3 QIFUETL o) JFL o)A Ao ehyth BA B AdvekE JuEshe 08 B 4 9,
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Table 4. Poisson and negative binomial (NB) models for estimating PM;, in spring and winter

= HE
(Spring model) (Winter model)

M ZO0HS E[HRE S0[g EH=E Z0HS 3[HRE S0/& &2
Variables Poisson model NB model Poisson model NB model

Coefficient Coefficient Coefficient Coefficient

(Std. Err) (Std. Err) (Std. Err) (Std. Err)

2 -0.70 -0.80 0.70 0.50
Intercept (0.90) (1.25) (0.90) (1.199)
8 A2 8 24 0.03 0.05 -0.10 -0.09
Average wind speed in spring, winter (0.07) (0.70) (0.10) (0.20)
B A2 8472 0.10** 0.10* -0.03 -0.038
Average temperature in spring, winter (0.04) (0.06) (0.08) (0.70)
=8 A2 Ed & 0.02* 0.02 0.005 0.007
Average humidity in spring, winter (0.007) (0.01) (0.01) (0.02)
YRS 0.05* 0.05 -0.02 -0.02
Business area (0.02) (0.04) (0.05) (0.06)
SUX|AHA -0.02* -0.02 -0.005 -0.01
Industrial area (0.008) (0.01) (0.01) (0.02)
=X[X|GHA -0.004%** -0.004** -0.004** -0.005**
Green area (0.0009) (0.007) (0.001) (0.002)
QEZ O] X4 1.776%%* 1.199* 1.46* 1.554
Entropy index (0.30) (0.50) (0.70) (0.80)
LMY ALY ALA
ﬁ;ﬂ; of mEining rri:ufacturing 0.000004 0.000004 -0.000005 0.000002
construction companies (0.00001) (0.00002) (0.00002) (0.00003)
ugEE -0.00001 -0.00001 -0.00001 -0.00001
Employment density (0.000007) (0.000009) (0.00002) (0.00002)
=7t 0.0007%+* 0.0002** 0.0003*** 0.0003***
Construction permission (0.00004) (0.00005) (0.00006) (0.00009)
FRae -0.004 -0.004 -0.03 -0.03
Road density (0.007) (0.010) (0.02) (0.02)
Deviance 1156.78 58.113 96.587 62.861
R? Nagelkerke 0.791 0614 0.855 0.731
Theta - 20.11 - 9.54
AIC 413.62 397.72 311.11 305.81

*p<0.05, ¥p<0.01, **p<0.001

A1) EAMIE olal AR, ILE, AN B 52 S7HAIA HIA)
WA 5 7Y v 2 S Sk o EHSE 9
2009; ©174 &34, 2013). TS HIAHA] 5 ti7] e FEo
= EAo§, 4] &5 B EASAER 5 vt =A] B4
P AL o5 AIE2 AT EFH R 285 5= Qlok(H
S 9, 2009). A AEAE HIAL Y= 889 F £ AFolA
SRIe = AU NEZu) 2|0] A= of g =AZ] alo] tf

)
zol SR U Solg FARYT 22 /AR mYof

156 "=EAE, M57H M1 (2022)

Ae Atk exp(P)ol FAE SAAE tidsto] ALRRE A

HAIH]& (Incidence Rate Ratio, IRR)= §3l 42305 A
g = Stk of7]A IRRE =HHG 199 571 Al $53457F
exp(p) HiRHE S71etth A o2 sjARith, oA (it 4) &4
Ao A 5 Fat 7120 B, 71 1T s AL PM,, =8 U
ol L7t 1L15H) B S7RIthE AS o = Qi ol=’t 4
e AR Y ol
o o AR o] golshrte AR AR Aok
2011; 994, 2016)9] 2ot Aok A 2= ofsfd 4= gl

HH PM,, A Bt TR E TEHHSE oF
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