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Concentration analysis and prediction of heavy metals in PM10 by
LSTM, Busan City

So Jeong Park

Major of Environmental Atmospheric Sciences,
The Graduate School,
Pukyong National University

Abstract

This study is analyzed the temporal concentration change trend using
the atmospheric heavy metals (Pb, Cd, Cr, Cu, Ni, As, and Mn) and
PM10 data provided by the Busan Metropolitan City Institute of Health
and Environment, for 7—year period (2014—2020) in four different
sites (residential area; Gwangan—dong and Deokcheon—dong, commercial
area; Yeonsan—dong, and industrial area; Hakjang—dong) of Busan. In
addition, using data from 2014 to 2020, the 2021 trend was predicted
with Exponential smoothing Methods(ETS) and Long Short—Term
Memory (LSTM) and the accuracy was analyzed.

From 2014 to 2020, PM10 and heavy metals concentration tended to
decrease, but their extent was different. By region, the Gwangan—dong
site showed the least decrease and the trend of the highest increase in
Cu was confirmed through traffic analysis. Deokcheon—dong site showed
a decreasing trend in all items except for Cd and Cr, which increased
slightly. The Hakjang—dong site of industrial area showed a decreasing
trend in all items, and it was consistent with the decrease in the number
of businesses and employees, showing the highest decrease. At the

Yeonsan—dong site in the commercial area, Cr, Cu, and As showed an



increasing trend and among them, As showed the highest increase. For
prediction using ETS and LSTM, heavy metals that can characterize
regions were selected from annual average data and determined as Cu in
Gwangan—dong, Pb in Deokcheon—dong, As in Yeonsan—dong, and Ni in
Hakjang—dong. As the selected heavy metals, ETS(AAA),
ETS(M,Ad,M), ETS(A,AdA), ETS(M,A,M) were determined,
respectively, and LSTM showed better performance than ETS.
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Table 1. Site information.

Measuring site Site environment Longitude(E® ) Latitude(N° )
Gwangan—dong Residential 35.1571 129.1176
Deokcheon—dong Residential 35.2158 129.0201
Yeonsan—dong Commercial 35.1811 129.0746
Hakjang—dong Industrial 35.1462 128.9837
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Fig. 1. Locations of the measuring sites (Site B (Bugok—dong,
residential site); Site D (Deokchen—dong, residential site); Site H
(Hakjang—dong, industrial site); Site G (Gwangan—dong, residential
site), site Y (Yeonsan—dong, commercial site.
(source: National Geographic Information Institute)



2.2 B4 O

1
-

Y

wAL £XES] R(ver. 3.6.3) % FAAHAoH AAL Ao
open air, corrplot package’}, °l5el= R tensor flow, keras,
forecast package”} AFE-5 AT

20149%¥ 202097k 7d7F PM10% ti7l$54%2 We 24 F
QA 5 ARE AHstA FHLT 420709 A HolHE
of d¥ A5 2 ARSI

open air package®lA smoothTrend, theilSen, polar plot, pollution
rose 5 AREERGlTE Al FA1E B7lstr] f18l LOESSE ARE-&tod
HAEstE 93 Hdge 93en, NA HolEl= Kalman HE$}
Kalman SmoothE A}-&3to] o A8tk (Carslaw and Ropkins, 2012).

4

sl

2.3. ETS / LSTM
2.3.1 ETS

243 23} (Exponential Smoothing Methods, ETS)+= 4w o]
st AAE o5 WHoRE, GeATHEE FA AEA ddo] gl

o

T HolH ASel Abgstrh EES AQ FAl W2 FA7F 9le dHolH
E AT A9 AL BiAE AIT A0k AT P level
% trendS Eiﬁ’;‘?} E-dHa AEAY 7S FA9 Adde B
o Z3l= HpH o ]Z/“ﬁr 371e] H &2 (level, trend, seasonal)&
g7 ol oAt EeRY AAEUe 8999 FAS X

(Table 2)e°l A2 =S},



Table 2. General notation Exponential Smoothing.

Seasonal Component

Trend Component N A M
(None) (Additive) (Multiplicative)

N (None) N, N N, A N, M

A (Additive) A, N A, A A, M

Ad (Additive damped) Ad, N Ad, N Ad, M

(source: Hyndman and Athanasopoulos (2018))

T3 AT FE, gAY, dejdel o277k o 7
ETS7} A Al dlo]Efo] 2 go]
oh;].'

2.3.2 LSTM

LSTM(Long Short—Term Memory)+ &7 544 58 & &
E+3 £F%9 RNN(Recurrent Neural Networks; &A@ o7 ¥
A ARE AEHOZE 7|93k dS3S = RNNE Ajgto] dojAd4F
2d skFol YR HAAY 3] FAHE IHHJdE A

(vanishing gradient)©|2h= £A47} 71t (Chen et al.,, 2017; Yadav
et al., 2020). o] RNN¢| B FE3t7] 98 LSTMeo] whEoixlor
71 FEE Fig. 29F 2



a) RNN 6 ()

A Labglll| A

&) € &)

Fig. 2. Structure of the RNN and LSTM.
(source: “Understanding LSTM Networks” , github)
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Table 3. Annual mean concentrations of PM10 and heavy

from 2014 to 2020.

metals

Residential _G

ng/m®*  PMI10 Pb Cd Cr Cu Ni As Mn
2014 32.3 0.018 0.000 0.001 0.008 0.014 0.002 0.003
2015 33.3 0.018 0.001 0.001 0.008 0.012 0.002 0.004
2016 45.6 0.016 0.001 0.001 0.011 0.019 0.003 0.005
2017 39.8 0.011  0.000 0.001 0.009 0.018 0.002 0.003
2018 39.4 0.015 0.001 0.002 0.009 0.013 0.002 0.004
2019 36.3 0.018 0.001 0.002 0.011 0.019 0.002 0.005
2020 34.2 0.014 0.000 0.002 0.011 0.014 0.001 0.003
Residential _D
ng/m®*  PMI10 Pb Cd QA7 Cu Ni As Mn
2014 48.5 0.018 0.000 0.001 0.011 0.019 0.002 0.003
2015 44.1 0.014 0.000 0.001 0.010 0.017 0.002 0.003
2016 42.4 0.016 0.001 0.002  0.013 0.023 0.003 0.006
2017 33.5 0.011 0.000 0.002 0.010 0.020 0.002 0.004
2018 34.5 0.011 ~ 0.001 0.002 0.009 0.014 0.002 0.004
2019 36.3 0.014 0.001 0.002 0.011 0.018 0.002 0.005
2020 34.2 0.012 0.001 0.002 0.010 0.015 0.001 0.002
Commercial
ng/m®*  PMI10 Pb Cd Cr Cu Ni As Mn
2014 40.8 0.020  0.000 0.002 0.013 0.021 0.002 0.003
2015 44.0 0.020 ~ 0.001 0.002 0.014 = 0.020 0.002 0.004
2016 47.5 0.018 = 0.001 0.002 ~0.016 0.022 0.003 0.005
2017 46.5 0.012 0.000 0.002 0.012 0.021 0.003 0.004
2018 34.6 0.015 0.001 0.002 0.013 0.017 0.002 0.005
2019 35.8 0.018 0.001 0.003 0.014 0.024 0.003 0.007
2020 33.5 0.014 0.001 0.002 0.015 0.020 0.002 0.003
Industrial
ng/m®*  PMI10 Pb Cd Cr Cu Ni As Mn
2014 55.4 0.039 0.000 0.020 0.046 0.091 0.016 0.003
2015 49.9 0.042 0.000 0.024 0.042 0.095 0.021 0.005
2016 52.4 0.032 0.001 0.018 0.039 0.094 0.017 0.006
2017 51.6 0.021 0.001 0.017 0.035 0.090 0.017 0.005
2018 44.4 0.021 0.001 0.013 0.023 0.055 0.010 0.004
2019 45.6 0.023 0.001 0.017 0.035 0.075 0.013 0.006
2020 41.5 0.021  0.001 0.015 0.030 0.076 0.013 0.003
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PM10, Pb, Cr, Cu, Ni, MnS A, &o| A%3dt1 o

stetets AEER AR AdS B A2 wel AR AR
S7F AFels Aol o AP A (washout) & FFE ek F5

g 7 ot A>T E £ R FX 5L
2014) ¥ 2F (A 5, 20199 AyAF X, hHd (A S 5,
2020) & U>74§>7}—E—>0%i ol At

Cde ¥ 2992 FdAYgeI Y Aol wet FFAGET 4 2+
AA o] FEErt et OoH FUAGH Y " FAAYGL Fds]

2 AEAEES A 3PAGY A B~ Fel AFEE Holugrt A4
5] Assle] Ago| RS Bk Hhdo] A W FAX o A A
S~Ho]| AELoA oo TVEEZ YEYTE o]lE o B AEEdl

PM10, Pb&}= t& 43S BT}

Cr, Cu, Ni, Mn& 4% Z347 F 2999 2& & 5 gl 12
d~2490] ILEEE Holvzt A5l et TR AEA WMEE B3
o E=3 Rl AR oA B deddel otk dAAl Y
o= M F Y (FSF 5, 2014). B7IEIM = Fe, Mn¥ As7} vl
=F FAE BHYou BAY Ase m~9F°l ZEkE wolx, 7t~
& stopAl = 553 FAE B3 A-d wek diks 2 ey SAx
As7b T A2 AsET AFEES Hole 497t Biled dibs
SAxel As #¥E F5 AATE QloenR e efde] ddow 4
Atk Ast Cu 53 &9 vl Aol Ad st fAglo] us dyst
of Aoid LAY ZolE & F ey o ¥3hH SR ARbE (A
A7) 540 9F5 wevs Afgde dA s,
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3.3 A9 F& Wz}

R2] openair package®l*] A& %+ TheilSen &+
A Aateta drAor 9 do A3 S 9EH R FAE
3l dl AFEE T} Table 49 Fig. 52 TheilSen 4%
g=]o] ™, Units/year® ZARTH dolE& 95% Aoz 2
o NAYE Kalman ZE$9 Kalman SmoothE AREste] o H]
LOESSE AH&3l niAIdstd FAE HojFrh

Table 4. Trend estimates created by TheilSen function for PM10
and heavy metals by measuring site.

rg/m®  ng/m?
PM10 Pb Cd Cr Cu Ni As Mn

Residential. G +0.03  -0.34 +0.03 +0.09 +041 -0.06 -0.02 +0.08
Residential D -1.69 = -0.78 +0.03 +0.10 -0.19 -0.06 -0.03 -0.77

Commercial —2.05 -0.66 +0.04 +0.08 +0.04 -0.04 +0.28 -0.05
Industrial —2.25 -3.36 -0.03 -101 -2.00 -1.03 -0.03 -3.24
TheilSen

1

O'g - ——— i I__ e __W_ -
-0.5 1 .II Cd Cr I Cu Ni I As In
-1
-1.5

-2
-2.5

-3
-3.5

—4

mResidential_G ®mResidential_ D ®mCommercial ®Industrial

Fig. 5. Trend estimates created by TheilSen function for PM10
and heavy metals by measuring site.
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AE BTk o] F Cuol 7F & 7155 Heled, Cuxs Alx W A7)
Tud 22 AAYGAA vWiEEAY gA dx 9w Bgo]l g 2peFe] wiR
Z9o a2z wlE3 #B-o] tk(Men et al., 2018; Sah et al., 2019). 3
ety S A AT Cu HlE AFA]Ao] glo] BEola x&F wir gl Hluj7|

nj
Al
offt
||\t
oX
>
Ir
N
N,
10

o %ﬂﬂ%ﬂﬂ Feks 549 vlwskd
19), Mn(=0.77)°] W2 ZrAFAHE B ow
A2 (=030 R HF SHAL(=-0.78)4 o %

A 2t Cd(+0.04), Cr(+0.08), Cu(+0.04), As(+0.28)7}
FeFARE B F Jor, 88F SHd4a+ PM10(-2.25)F RE T
2% Pb(—3.36), Cd(-0.03), Cr(-1.01), Cu(—2.00), Ni(—1.03),
As(=0.03), Mn(=3.24)°] ZFAFARIL T Ao vls] 7P & Fo
2 A% Ao R YElyt.

w
w

B e

-

Ao gk AlZbetE 918 R corrplot package® AMEEFL Fig.
6l PM10% t7l5=% 7o) AaATE Yebddth NAGS Alglsta
FogES 0.012 A3kt
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FerE =H A= Pb—Cd 0.749, Cr—Mno] 0.704% 73+ ko] Ayt
Ag Btk Febs SN & FOox2 F7HFAE Hel Cud A+
BE 5% o] AHdAE Bl 3ds SALAE TAXGCE R
Hof A FFA Y glom AP o)) wiEe] e FaS wE
AL AFa wE H, Eolojel Beola e vir 53 #Ho] S AL
2 Holt}

gd3d%s =449 2% Pb—Cd 0.736, Pb—Cu 0.664, Cr—Ni 0.698,
Cr—Mn 0.697% 73t ofo] A#A#AAE HATh Cr-Nit T2 2o
AENA TSt Zow deEA don, FAAYR HHds SAHidde
g Aol glong FatE QF A kel o3 ATALVF ¥
o7 meolt}(Sah et al, 2019).

AAE =A 2oA Pb—Cd 0.758, Cr—Mno] 0.749% 73 ko] At
HAE BHoor CdE AYstr CuZt BE 249 %o AAaAES 1

t}. TheilSenolA Rl 55419l Ast As—Pb 0.579, As—Cd 0.656
Qo] FT|B|AE Holi= 247t glok. As®t Pb, Cde A9 &S A%
st By 9 FH @99 didA BAstE FaSoE gEA vt
(Huang et al., 1994; Pacyna et al., 2007).

TE, A, B8, @F % DAV 93 FHAAERE
S gelgh 4 9k Cr—Ni 0.915, Cr—Mn 0.736,
3t

=
ko] AAAAZ HUTL Pbe BE FillEH5T

g% =4

ol r
B
)

g

H
!

*o FTAAE Hole EFo] A FFT AL T E
A JAVE 40.9%5 A st W #EE A &5 o2 Cr, Ni, Mn9
DA =& 7S B 5 vk A3 4o AAAAE Hol: 47 &

o o

o

ERx o Abdbx] o] A el vl wsigle wl, A8k A e (P S
5, 2018)°lA Cr—Ni 0.88, Cr—Mn 0.74, Ni—Mn 0.86, PM10—Mn
0.65, TSP—Ni 0.48, a4y Aiel o4, 2000)°lA4 27 0.85,
0.79, 0.82, 0.50, 0.40, tHd(AAE &, 2020) A 22+ 0.648, 0.71,
0.765, 0.724, 0.663°.% YXA|st= Aol Utk A7/I=HFTT =,
2014)¢ 7% PM10-Mn(0.82), PM10—-Ni(0.51), Ni—Mn(0.70) 2%
FAFsY Cr—Ni(0.34), Cr—Mn(0.30)2] A% @A G571t ol Aodd
zfo] 7k QIS Th.
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3.3.2 1A

Al F2 X (Table 49} Fig. 5) oA ©dE3
PM10, Pb, Cu, Mne] #to] & Aol&

¥

TheilSen &= 2HdH
S B2 FAAYGY
ATt o= FAEAA 7}
ztol 5 mhetatr] el shmdFEAbe] xod HJ“E‘X TE iﬁ 7t
201858 202074 FH@sto] A 8kal Fig. 70 YU H
BT, At 799 o] BTG m, HEA e AT A9
T HRERH(EI A Q] WEAR+ 8] =l WA o] AR o]s-EAl Ho]H
7IMko w2 A% = k.

2 FAAYolet et FAEIA G At YHdE S H
FAe] AAgE Fbs SRS WHEA = 7] Hu 2w, 12490 F
A 1.38) Zpo)7} ot AAISE FXl= EE = (Appendix 1)l A2l s)
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Fig. 7. The number of visitors from 2018 to 2020 in Buk—gu and

Suyeong—gu provided by the ‘Korea Tourism Data Lab’ . It is

based on outside visitors (domestic visitors + foreign visitors) as
mobile communication data.
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2 AAE 16A17H0600~2200 715) =4 AEE A3kt A48k U
&< H=(Appendix 2)°] WERHY. Axes SAHALE FAHCE 3km
ol Z Attt gilE 544 T4 3km oJUeld gHuatz, -
gz, gydzrt dgEon 424 g 59,283, 22,9620, 77,598
o wEFS Bt Pt SHA T 3km ol e uAR, FHE,
AN uatz, Fguate, dgE27E glow zbzh g4k 140,642,
30,359, 100,768, 70,7129, 26,1072 wEZFS BT}

Comparison of .traffic between Gwangan—dong and Deokcheon—dong (2014—2020)
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Fig. 8. Comparison of traffic between Gwangan—dong and
Deckcheon—dong (2014~2020).
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3.3.3 AdA Y

TheilSen®] 5 AHg3sto] vebdl 1283 (Fig. 5) oA dAits 44
As7} & %07 Fhstrh e A 22 (Fig. 4) oA 717
WA 02 Ageole w1l oFole @ FAE Ko

X (Huang et al., 1994) ¢} W2 YEG o] F-5 LolH”
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A7k ARE=Fo] S7hsltHA Ase] FA= A
ol & TFoA = AEE(Se), EHEA(Mo), 7+
Mgk &B|7F S7kete Aol dis kA de AER
t} 28] oA FE7F &= th(Huang et al., 1994; Maggs, 2000).
TE5Y Fe w2 g vEE Bdeke
W= 3% Z30|9, pollution rosei= wind rose? W3 o
ko] wel P95 w5 188 w] AFE-3t}(Carslaw and Ropkins,
2012). oJ¥ upgh Wako] HA| Fwieol 7P wol 7lojst=A vdst =
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= e
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S T, TFEele EFo] vl FAEKT SHA 55T FEel $A
sk Ao A B2 wE wE 9 s o]l As el 7ot RS &
T Atk ovt S (Appendix 2) 2 A (Fig. 6) 23, Aso FA



As(ngm™)

(b) spring (MAM) summer (JJA) autumn (SON) winter (DJF)
10,

1210483

% e |
§°q‘° c : f éﬁ%‘{r %qﬁ 1010 12
é"%; EMN %@’Y" EMW é%% E)Y é%f E g :g ;0

4106

. )
@' R . 2to4
Oto2 |
mean = 5.08 mean = 4.97 ean = 4.5676 njean =3.0085 As(ngm )
_IS calm = 0% S _calm = 0% =0% calm = 0%

Frequency of counts by wind direction (%)

Fig. 9. As concentrations(ng/m?® ) at the commercial site.
(a) Polar plot, (b) Pollution rose as frequency of counts according
to wind direction (%) near Yeonsan—dong.
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Fig. 10. Number of Establishments & Workers, by Industry
(Gamjeon—dong and Hakjang—dong).
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Table 5. Number of Establishments & Workers, by Industry of Gamjeon—dong and Hakjang—dong sites from
2014 to 2020. (Collection of ‘Sasang—gu Statistical Yearbook’ published from 2015 to 2021)

Number of Establishments & Workers, by Industry

Percentage of total
Year Sasang—gu total Gamjeon—dong total Hakjang—dong total (Gamjeon—dong and
Hakjang—dong) (%)

Establishments Workers Establishments Workers Establishments Workers Establishments Workers

2014 28,341 124,584 5,545 26,634 8,250 19,127 31.1 36.7
2015 28,366 126,209 5,612 27,387 3,324 19,075 31.5 36.8
2016 28,581 127,730 5,683 27,681 3,369 19,607 31.7 37.0
2017 28,599 124,867 5,635 26,440 3,323 19,214 31.3 36.6
2018 28,388 124,363 5,594 26,814 3,327 19,111 31.4 36.9
2019 28,335 123,719 5,534 26,334 3,224 18,963 30.9 36.6
2020 36,946 125,635 8,146 27,143 4,081 19,807 33.1 37.4
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3.4. ETS / LSTM

2014958 202099 PM10% w5 ARz 202149s <5317 9
3l RQ forecast package?] ETSS} tensor flow, keras packageE ©]&
ko] LSTM 5S AAsta 53T =5 vl wskaict,

FW 5 (2017)2 AALEA S s AN OE PSS 3 F 24,
A3 g, ARIMA, S ATHZETS W), AIALRE (STL W)
= AEstda 1 F ETSY Awel 7P £ AoxE Yeuth
Ki—Hong Shin (2021) 93 55 98 JA3AAEE(ANN), AFAl
A (DNN), HAH7A (ELM), 7] 7198 (LSTM), 7] 719 -
FAE AAL(LSTM-PC) oAl 7HA] AR daglss AlEdolHs 4
7, LSTMo] A AL HolHE Aol 7PE Fof AP ndEg wdz 7}
7z} ETS$ LSTME A3+t
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£ AMEste] o &l 1d(2021d) & ASsta ASike vlwstglen 7
£ tlolH e NAE NAE AQst HH#o=Z diAstglth. ETSS A3t
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Fig. 11. Radar graph normalized with annual average values of
PM10 and heavy metal data. The gray part represents the average
data, and the red line represents the data of the measuring site.

Table 6. Annual averaged and normalized data for PM10 and
heavy metals.

PM10 Pb Cd Cr Cu Ni As Mn

Average 049 047 047 047 048 0.39 050 0.47
Residential_ G 0.39 039 042 049 0.56 0.29 0,53 047
Residential_D 0.44 0.b5 043 043 0.50 0.29 041 0.44
Commercial 052 034 048 039 044 0.22 053 0.52
Industrial 0.58 0,55 051 049 0.37 0.51 051 0.41

ezt FA, ARdE 25 UEbd et R dS FetEs ETS(AAA),
HA% ETS(MALM), A4HE ETS(AALA), 335 ETSOMAM)E 24
SEATE oA71A eAF(RA A}, ARl AFEe] ko] HE HolH 7t
SHAl ol 0oy &gkl EAlsHA] b= Aolw, FA AHClA Ad
© HHFME Uepdth AlEA HaeolA QAVIHES AAIE At dA
ALY AT w, FAVIHS AEA WEo] AAIE FEelA vldstA W
o ] AR

AALe] = F ADATE FoAAH AlFA e FH5AAS 3= LSTM
Edls Agsfiop sh=dl ol el A% LSTM(Stateful LSTM) = Ahg-
3t} (Bulin et al., 2019). Stateful LSTM= 2z} A Z9] wix|ul Abefr} v}

HN
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- WA QPR AE g 7] AEE AFEEHY, Ee AETE tE 9l
A2 AnEE 53] 9tk Keras LSTMS 3D Hld =
tensor 32 [sample, timesteps, features] < FH3st= E4o] it}
2021 s SlE oSSyl flal 12709 dlolE EQIEVE Qs
sample 1, time steps 12% A A3}l epochE 20, 100, 1000, 25002
% F7M71HA RMSES Hlwsh A3} epoch7t 855 F 87t S7thst
= S Qs & epochs=250002 ZAAFHTE. Loss e
MAE (mean absolute error), #HZA 3= adam, 57+ =
(accuracy) & AFE, AAIE AEAE FA8H] 3] shuffle=FALSEE
AAstal o5& Fasiaitt. R Ass gelstr] 98 AS5EE A
SAEZE MSE(Mean Squared Error), MAE(Mean Absolute Error),
RMSE (Root Mean Squared Error) & ARg3stiem zzb 42412 o5

2t

N
% Z (predictioni —actual; )2

i

RMSE= \/

N
MAE= LNZ |predictioni —actual; |

prediction; — actual;

actual;

YEARE g 2

o,
b

=742 ETS9 LSTM HlwE % (Table 7)
el th Fets 544 Cufl 4 RMSECA ETS(AAA)7F 2.81,
LSTMo®] 1.99, MAEelA ETS7} 2.35, LSTMo] 1.12, MAPES]A] ETS
7} 32.18, LSTMe| 14.99 ystth 9ds 544 Pbe 49 RMSE|A]
ETS(M,Ay;,M) 5.55, LSTMe] 2.78, MAE°l4 ETS 4.16, LSTMO]
1.62, MAPE°|A] ETS 42.77, LSTM 13.93°] ugt}. dxe 44
As® 7% RMSE°lA ETS(A,A;,A) 3.31, LSTMeo] 2.51, MAE®|A]
ETS7} 2.72, LSTMo] 1.27¢] yvsith s 544 Ni9] 4% RMSE
oAl ETS(M,A,M) 7.30, LSTM®] 4.46, MAE°|A ETS 5.49, LSTMO]

31



2.03, MAPESIAl ETS 49.36, LSTMo] 12.709.% u}gith 2E 454
Mo LSTMo] 7Fd & AH%<e mart

Table 7. Comparison of performance indicators RMSE, MAE, and
MAPE by measurement site (Inf : Estimate > 0).

Site method RMSE MAE MAPE
] ) ETS(A,AA) 2.81 2.35 32.18
Residential_G
LSTM 1.99 1.12 14.99
. . ETS(M,A4,M) 5.55 4.16 42.77
Residential_d
LSTM 2.78 1.62 13.93
. ETS(A,A4A) Bl 2.72 Inf
Commercial
LSTM 2.51 IF.27 Inf
) ETS(M,A,M) 7.30 5.49 49.36
Industrial
LSTM 4.46 2.03 12.70
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Appendix 1. Number of visitors to Buk—gu and Suyeong—gu provided by the

‘Korea Tourism Data Lab’

Buk—gu Suyeong—gu
2018 2019 2020 2018 2019 2020
Jan. 1,463,372 1,492,286 2,301,754 2,604,791 2,655,827 2,913,129
Feb. 1,738,862 1,655,840 1,638,084 2,551,017 2,705,754 2,257,343
Mar. 1,780,220 1,772,305 1,573,162 2,726,893 2,924,618 2,162,264
Apr. 1,623,507 1,439,938 1,751,516 2,696,492 2,503,885 2,479,715
May. 1,755,958 1,739,261 2,107,338 3,008,950 3,006,736 2,971,617
Jun. 1,684,465 1,542,368 1,892,480 2,872,826 2,848,751 2,775,141
Jul. 1,590,760 1,726,858 1,971,522 3,222,722 3,103,093 3,012,972
Aug. 1,645,101 1,765,908 1,946,880 3,240,766 3,314,560 3,059,529
Sep. 1,799,688 2,112,662 1,865,381 3,086,414 2,806,330 2,587,993
Oct. 1,536,414 2,007,491 1,969,879 2,921,555 2,840,517 2,909,905
Nov. 1,486,802 2,080,027 1,907,885 2,669,888 2,898,752 2,614,255
Dec. 1,607,239 2,202,010 1,634,673 2,887,729 3,039,452 2,134,388
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Appendix 2. Traffic data near the measuring site provided by ‘Busan Metropolitan City vehicle traffic survey
details service report’ from 2014 to 2020.

Measuring site No. Site name 2016 2017 2018 2019 2020
Centum North Avenue
19 27,606 29,148 28,543 28,881 29,154
(Jwasuyeonggyo)
21 Gwangnam-—ro 30,526 31,404 29,923 31,656 31,289
Gwangan—dong
22 Centum~—city Intersection 105,104 105,145 98,852 97,106 97,632
53 Suyeong Intersection 74,345 74,927 70,995 71,061 71,646
54 Deanam Intersection 149,118 148,339 144,611 142,605 143,692
31 Deokcheon Intersection 68,156 61,828 58,395 58,726 56,218
Gumandeok—ro
78 24,857 24,700 21,294 22,126 21,863
Deokcheon—dong (Mandeok Tunnel No.1)

Mandeok—daero
79 83,381 82,115 77,456 76,594 74,972
(Mandeok Tunnel No.2)

1 Yeonsan Intersection 102,555 100,223 100,611 93,331 83,881
Yeonsan—dong

2 Hamajeong Intersection 105,791 106,696 103,112 99,591
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Songgongsamgeori

109,580

104,762 105,435 87,748 80,580
100 | Sin—risamgeori 65,044 64,089 61,369 60,511
Namhae Branch Expressway
32 118,489 119,069 120,276 114,216 116,053
(Seobusannakdongganggyo)
Nakdong—daero
33 ) 72,491 70,818 70,029 68,157 66,239
Hakjang—dong (Next to Gamcheon Intersection)
Gangbyeon—daero
34 ) 93,233 90,616 91,334 90,403 92,217
(Next to Gamcheon Intersection)
35 Jurye Intersection 95,807 91,735 89,654 85,662 85,696
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