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ABSTRACT

This study attempted to analyze the environmental equity of fine dust(PM;io) in Daegu
using MGWR (Multi—scale Geographically Weighted Regression) and KT (Korea Telecom
Corporation) sensor data. Existing national monitoring network data for measuring fine
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dust are collected at a small number of ground—based stations that are sparsely
distributed in a large area. To complement these drawbacks, KT sensor data with a
large number of IoT(Internet of Things) stations densely distributed were used in this
study. The MGWR model was used to deal with spatial heterogeneity and multi—scale
contextual effects in the spatial relationships between fine dust concentration and
socioeconomic variables. Results indicate that there existed an environmental inequity by
land value and foreigner ratio in the spatial distribution of fine dust in Daegu
metropolitan city. Also, the MGWR model showed better the explanatory power than
Ordinary Least Square(OLS) and Geographically Weighted Regression(GWR) models in
explaining the spatial relationships between the concentration of fine dust and
socioeconomic variables. This study demonstrated the potential of KT sensor data as a
supplement to the existing national monitoring network data for measuring fine dust.
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FIGURE 1. Location of study area

W79 A AR TR HiAE 715
Alzb ] MEE A% Ay, mAuAE o
941, 107, 124 o2 A5 HuAE 7|5
th = Al A 9 9AI9} 104 m]A
wxe] 27} 7}75‘ 2 Aol AseH, 24
bogatA]el] eJshd 9Alel 10A] Atelel dd
=5t RIEZE 7P Eokth webA

T3 AR H4 AR o4 10A= st

AF-HoZ, wHdx =
ALet oAl el g ksl o] 4
A3 A 1432 (EA "7] 123 &

71 2393 KT7F A3 534 26301713
% °F 15%, FARF, =71 T4 A E X
3t 2 4032014 20199 59 @A 104 W9
of Z4% A5E AHESIGIth ok, Sy
4 Y SRS 1A A A g7t
o ZAANEA T KT= 108 7402 u 549
SHXE A7) witel 7 5328 k] 4
ot Al AATE Ebssie], 2 AgtellA] A
$8 ZF vAwx e SAEE AT
A=l A9 24 104, KT A= 44 24
9A] 45%-oA 104 458 Alololl ¥ 3
= AMgsislth 74 54 e 4



TF AN AN BRI KT S MRS BHY OTA SRR ot YN 9 24/ 200b 9E 203

S Foo)xQl ool ot (http://www.
airkorea.or.kr) o|A] &Rl 7}sdk Fmel FA4
2 9 A5E FHFPeH, KT A8 &7
Alo]A (AirMapKorea) o4 &l 7Fs3F 44
AAE HAER)A, X”\“éﬂr FaA| FOE A}
FReE A AEE TSI
e @ KT S34e 54 94, 5
A 1% (10~20m vs. 2~3m), SF HA(FH
W ovs. HERIR), 54 ARE Fell 3lo] }017}
7] wiell = A ke FAA Aol |
golslr] 93] SPSS 2694 SHEE tHS
o] gato] Mk b Bt zpolel st FA %
o)dE HEoIATh Bk vAwA] 5 )&
EWLXV—.*OJ T =] witel] wHSA
Aol whe FAAR Wl wep FASh v
AR 5 di71=de vasAd 95 SE
F2 AFgEE ¥HE IDW(nverse Distance
Weighted: 93AE] 7FsA i) ¢} Kriging
Ao ek S el weh x| gk
A2 Ay v=2A vepta, A4 B8
Al Ao} ARG Apsel whet oh=A] YR
7] W&ol (Cho and Jun, 2019), & &7toA
= ArcGIS 10.55 AHgste] IDWeF Al 744
Kriging(Simple Kriging(SK): w< Z87;
Ordinary Kriging(OK): 41 =8]7; Universal
Kriging(UK): dxrF A2]7)) BPS = uhwA]
o] FIhAe 77t Adlskal, AAg =Yk
2re] zpol7h dmpRIZEE ¢Jm]sk= RMSE (Root
Mean Square Error: 3+ Alg 2P ik
Arkstel 2 AFtellx] AR oE TP st
TR AR A @94 B e}
AT 1), 27 ]/H/\Loﬂ AL EHA AR
2 729 FelEd 7329
= Al Algske 1 —%@
219} #H5AE vl HEste] RMSE#S A
2

FIO b
W ON
A= X mﬁ Jo mlo 2

Iy
2
>«
R
kr
Ir
ol
fN

(D

A H AAA X}»(O]:r”“éli R
9=l T, 1541 viRk A Q1 6541 ©]
A xd QA :L‘ﬂﬂi*ﬁ% ?ux} AP =5
AR tig-EA FololAex AlwsEs B
H AsE FAselnh s e W ogk
ATrelx] F2 o]&E= QT AR
= A3gPAT(Seo and Jun, 2011; Kim and
Jun, 2012) & wlgo® AAL} 9=l o
T AR 21417] thedt - TRl ARSIR WS}
o 7= g AF3le] WIsHE Whdslhe], A

HANEALS] B AAE FA &3 vl
ARslell A BR324 IFFLe] dE =
sral Al ARETHSeo and Jun, 2011; Kim
and Jun, 2012). %3+ Buzzelli ef al(2003)
o] Attt sidd 7] ey ] A A
W AREAAR A F FE 77 wid o]
H T FAE AFHOE A5 F UYH
AHIZE Qlo, A FAATHE vhEeE o+
FAA ] A7kl m AR 2k AddE 24
stz sioy T8 7 5o FEEA| S B

A FAATEE FEE Jide] ofdH, ghere
B 5437% FAIAZESE AA 8 7 T

T b

o] Zol7k QArke A7} YA F 54 1o
= AH Aol ks Al 434 E &
ek g, ol WIF lEow £
TAATE ARE AL,

AeElE J<7}LH/\1- A= vlgoZ Y= o
= el FAE AEse] I3 99lE BES
33, W95 ARBFAY Hsl vjAnA 3
Ir l-:_g:‘g ’Z}'LEH U] ﬂ:ﬂlﬂ/\%o A A ]—3]_%\5
A, SPSS 265 AHgEt] A QAE W

& guEAe Axso F—%} W 7k
o] e gRlskqltt. Oshan et al (2019)

M MGWR 2.25 ARE3Ee] OLS
HAaASEY) 2}
GWR (Geographically Weighted Regression:
Ag7FslARs) 2L MGWR(Multi—scale
Geographically Weighted Regression: U=

(Ordinary Least Squares:



224 Environmental Equity Analysis of Fine Dust in Daegu Using MGWR and KT Sensor Data
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FIGURE 2. Location of fine dust measuring stations
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TABLE 1. Results for independent t test of PMyy estimates

Date(May) Mean Difference t value p value
3 12.82 2.30 0.03*
4 13.14 2.24 0.03*
5 -1.86 -0.31 0.75
6 -6.35 -0.88 0.38
7 2.77 0.72 0.48
8 8.46 1.15 0.26
9 6.58 1.12 0.27
10 9.64 1.86 0.07
11 1.00 0.13 0.90
12 4.02 -0.84 0.41
13 -0.74 -0.15 0.88
15 16.81 2.7 0.01+
16 6.31 1.06 0.29
18 8.66 2.22 0.03*
20 24.98 3.89 0.00+
21 12.03 2.28 0.03+*
22 2.69 0.44 0.66
24 7.77 0.90 0.37
25 7.32 1.07 0.29
26 1.86 0.38 0.70
27 11.96 3.55 0.00+
28 10.02 2.77 0.01+
30 9.24 1.80 0.08
31 5.39 1.00 0.326

* Statistically significant at p<0.05



226 Environmental Equity Analysis of Fine Dust in Daegu Using MGWR and KT Sensor Data

TABLE 2. Accuracy assessment of PMiy estimates by spatial interpolation method

Interpolation Methods RMSE
IDW 11.78
SK 14.84
OK 15.22
UK 15.22
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TABLE 3. Number of administration dong by fine dust class

Class Criteria Good(0~30g/m) Moderate(31~50ug/m) Bad(51~100xg/m)
Number of Administrative Dong 2 14 114
Ratio of Administrative Dong 1.5% 10.8% 87.7%

Note: Fine dust classes based on 24 hours criteria recommended by WHO
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TABLE 4. Correlation matrix among independent variables

Variables Female Foreign Under15 Over65 Poverty Popd Land
Female -
Foreign —0.516%#*x -
Under15 0.267 —0.335% % -
QOver65 0.048 0.002 —0.759 -
Poverty -0.132 0.205+ —=0.416%++ 0.422+%* -
Popd 0.254%* -0.199+ 0.141 -0.076 -0.155 -
Land 0.324x%x 0.054 -0.119 0.178+ 0.020 0.256%* -

Female: Female Ratio; Foreign: Foreigner Ratio; Under15: Ratio of Population under 15 Ages; Over65: Ratio of Population over 65 Ages;
Poverty: Ratio of Population below Poverty Line; Popd: Population Density; Land: Land Value

= Statistically significant at p<0.05
=+ Statistically significant at p<0.01
=+ Statistically significant at p<0.001
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TABLE 5. Analytical results for OLS, GWR and MGWR

Variables and Statistics OLS GWR MGWR
Constant 120.030+ 120.921 -0.009
Female Ratio —0.925+ -0.952 -0.209

Foreigner Ratio 0.269 0.303 0.145
Ratio of Population under 15 Ages —0.405+ -0.364 -0.195
Ratio of Population over 65 Ages —0.394+* -0.357 -0.154
Ratio of Population below Poverty Line -0.025 -0.038 —0.051
Population Density 0.000043 0.000014 0.053
Land Value -0.000008* -0.000008 -0.549

Number of Cases 130 130 130
AlCc 272.303 267.659 242 .562

R’ 0.591 0.636 0.783

Adjusted R? 0.567 0.597 0.725

F 2.116%

= Statistically significant at p<0.05
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FIGURE 4. Local condition number of MGWR

FIGURE 5. Local R? of MGWR

TABLE 6. Summary statistics for MGWR parameter estimates

Variables Mean STD Min Median Max
Intercept -0.009 0.214 -0.490 -0.002 0.498
Female -0.209 0.148 -0.656 -0.156 0.008

Foreign 0.145 0.237 -0.197 0.049 0.895

Under15 -0.195 0.010 -0.208 -0.198 -0.161
QOver65 -0.154 0.015 -0.201 -0.153 -0.124
Poverty -0.051 0.012 -0.070 -0.054 -0.019
Popd 0.053 0.011 0.040 0.049 0.087
Land -0.549 0.082 -0.711 -0.553 -0.366

Female: Female Ratio; Foreign: Foreigner Ratio; Under15: Ratio of Population under 15 Ages; Over65: Ratio of Population over 65 Ages;
Poverty: Ratio of Population below Poverty Line; Popd: Population Density; Land: Land Value; STD: Standard Deviation
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FIGURE 6. Statistically significant regression coefficients by independent variables
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TABLE 7. Results of correlation analysis between PM;q and other environmental

variables
Variables PM10
Nearest distance between measurement station and road 0.048
Area of air pollutant release facility 0.191+
Area ratio of air pollutant release facility 0.283+*

= Statistically significant at p<0.05
#+ Statistically significant at p<0.01
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