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Evaluation of Pedestrian Space Ion Index by Land Use Type in Heat wave
- Focused on ChungJu -

Yong Han Yoon?, Ji Hun Yoon®, Jeong Ho Kim*"
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ABSTRACT

This study measured and analyzed the weather characteristics and the air-ion characteristics of walking space
by land use type in Chungju, Chungcheongbuk Province during the heat wave. We used the land registration map
to classify the type of land use in walking areas in the studied into the production and green area, the residential
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area, and the commercial area. We then selected 44 measurement points in about 4.1 km. They included 12

walking space points in the green area, 14 in the residential area, and 18 in the commercial area. Moreover, we

calculated the ion index by analyzing the impact of weather factors such as temperature, relative humidity, solar

radiation, and net radiation in the walking space on the anion generation and cation generation by land use type

during the heat wave. Comparison of air ion characteristics in walking space by type of land use during the heat

wave showed that the average cation generation was in the order of commercial area (700.73 cations/cm”) >

residential area (600.76 cations/cm’) > green area (589.73 cations/cm®). The average anion generation was in the

order of green area (663.95 anions/cm®) > residential area (628.48 anions/cm’) > commercial area (527.48

anions/cm’). The average ion index was in the order of green area (1.13) > residential area (1.04) > commercial

area (0.75). This study checked the weather characteristics, cation generation, and anion generation in walking

space according to the land use type during the heat wave and checked the difference of ion indexes in the walking

space according to the land use type. However, there were limitations in the lack of accurate comparison

according to the land use due to the moving measurement and the insufficient quantitative comparison according

to the change of road width. Therefore, we recommend further studies that consider the road characteristics.

KEY WORDS: TEMPERATURE, POSITIVE AIR ION, NEGATIVE AIR ION, STREET GREENERY
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TAIBE Q% EREEHY SV B4R W d3Hd
= SFAZI T (Yoon et al,, 2008), =AISH7} 2I3Yof w)
o} A9 B 4y, S ASE, ofATE 24w 2
EFPEAHY SR Qe 27t AAL Sl AR o
H EARIES B4F, A 7o) 2T ArhLee
et al,, 2018). o]t =AY wAIFS 45| fls 2+
welAE 5ol 7S B £A o FEa vese] B

291, o] ojg £AR o] Has} wet 5o
WA T QIARE S AR A EL A=Al o AR Bl
5 495 9 0|2 Eg2 =AY SAUS Tt
W7] woll SRS mA] 22 AT EA] 2S¢
B PAA YL AE) Sl HiEe) Telrt Hast
T(Yoon et al., 2012), EAAZ Ao BEAS T3t
SA=A9] B3 2 AAZ Pt Basth Bl
TH(Jauhiainen and Monkkonen, 2005).

2 S BAL ET ke B9 the H9i7) ofd
- A3t G 9= o 7HA] Qv s 1A S
stitelch Zoie Aors fuste] BuE, AEds 5
& ursto] Qo] ofearg uld Wk ofjek M2 A
7kl w2 oA BA|, AR A SUh AR @A
Ze drled okt 5 2 5 9lo] 18 Atxem
gsjE v 4~ QHKim et al., 2009; Changnon et al.,
1996). 20033} 2006 doll= FH oA o] ¢l Zo] I

AAstglen, 2010800 Aot A 73 AR o 4

ol
=

f

=
Ao a1t AZEalS EAlste] Aol TA
oA ekslaalol| i3 AAISFATh Park et al(2016)S E4)
HEI A Pat F2 L B0 HHYgol vAE FFE
FAE o R ATE 4233k Koo et al.(2015)
AN E dido 2 A9d 3 3 545 aeg ¢
ok B7E A5, Kwon(2018)L o7t A=
o s wAlRel EA|9] 7RIS deete] Y]
7S FAEL S ATAE AT ol HH EA]
o x4, A txof o3k ZHY LAY elof wit
AT thes AFEglou, 2] B0 &R By
Zrol et A= FET oIk

F7)0]0lg, F7] F AA B BRuHRHO,, H0)
7FA7IH QS He 20R SFko| uet ol 4
oo w EE 4= Stk &R F FHsHE He A
Jole, AsHE He AL gololet gt ti7]¢ o]
3} 9Qlo = Qo] B R whi, A]F BAMY B4
o] B3, di7]ek A#E AL, 7137} 7194, Hus aat
(Lenard’s Effect), 2=2] 334 5 thoket ¢olog WAy

3ch(Jin, 2005; Zee, 2009; Nam, 2013; Lee, 2003).
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Sol2o] Tt QAL 19604 ) 0|52 Fze] A
grov), 1714 S4ol ofet g7 4skaTle} Aol 24
A w7 AR FAEE T3} 5] ekCh,
2009). AT B Lolo] Rk QRke] A7 27
b, Solee Qike] Hagh AAASE Astel gl
W& freshe 202 d8A glow, d-wuk- o 5s
oHgst AlFIckal A A Qlt(Lee et al, 2018). E3L 20|
o] % FEE, duvZd, 2oy =Y FEE W
AEFHAE HAZA7= EIKKim et al., 2008; Lee, 1998)°]
e A7E AleEglem, 11 9 Azt wEIgt e
th 43 E] It Terman and Terman, 1995 ; Terman et
al., 1998; Terman and Terman, 2006; Westrin and Lam,
2007, Wakamura et al., 2004). 3} 20|22 AFE 29
o5t AEHAE HASH= A o2 e TtH(Nakane et al.,
2002). ¥ Heto A= Folo] YA H O R F453 7%
S-S 4o 71tiGoel and Etwaroo, 2006) 31421, tf7]
Fol T Solee AREYS 2GRN $8F
A& a7} Q= ACRE UefA i Anthony et al, 2002).

w3t Solo] 1714 B4ol ojgt 371 4stanz £
o4 MAEHE AA4EHE olo] AR 5o 298d
oo BE FoleoR HiAH 9l=tJin, 2005; Lee,
2003), ol %714 B4l Yl ol F3HAIA A
w2 7hepetA sto] F717F Qs oledt #1714 54
of o3t 3714 stadt= e Aol U] AR, 2t
F 7ol &gt w7 7kAek WA] 5o 7| st 5 =
Ao tf71eHd o EAIHE sidsty] f1gt Hete s o84
4= UTtHLee, 2018). wepA] o] dHAgEF Fol2 Ay
T LRt o] 2A|5¥(Air lon Index)E B-8-5to] A sof
o Ao g ITHKim et al., 2018).

AP Aola EXo]§f3ol mhe 7o, m=2xAd
T4l 7=t 7FR529] 75 gt At v XE
QA ZHA] BEX|o]- 83 HaEte] o] A|4of #gt
A= g AAolr) webA & Atols ZHA BA
o HYFA TVFEALM ol SolS A
A5t 3% A SEAGYE VIS B ol RA5E AL

1]

A

o

-

2 A9 AFHIAR] SHEE S QT HollA
5 Al 28] Aotk mA AL EHE] AEA ol o5}
QIR 20~40Tte] &3k FAlE 20109 Vel R
EASHE 1270F A sE2A ] UG, 127fHe s -
AEole EeEdEAlolth G7F A&A o2 Fast
I e FHY sEA Y= 9] 5 SFA1Y FAYe
1956 SF50lA TFAIR SAH o|F A& o8 Q1+
7} F7Vete gkom, AZpREto] SjE AL, FASES
SERRRE ThokRt A, ArEgHE o] hdshA X o itk
(Ryu, 2012). E3F 23 He7|F=Al A4 L 407 A
7] Ao Qlsto] QIO 718, ofof Hadt kgL A
3|715F A, S8, A7ER Qe Fafiol kEEe AlNlE0]
7ot FAl0laL, 20139 MAZAATA 3] FX]2
AEO] A7) A7) A Y A Eibte Fae R
S AMYE FAAL gl A 9o]7] = Slk(Yoen et
al., 2010).

SAANELE B8 £ FYZ 9ol @eE A=adgn
=24 YHA AAR A FFA AARZEA] F 4.1km
£ ARk A 9] gt EA o] 8- T Al
HAUYEF o]&sto] tdAE A SAAGEPFIHO|
5} Green Area), A X H3JF7H 0|3} Residential Area),
Ao ®H3-F7H 0|3} Commercial Area)® 55} TH
(Figure 1). Ath/dAe] dAsS 2413 23} Table 132}
2t} Green Area®] EX|o] 8332 YAz H o & e}
WL, Commercial Area®] EX|0] 8752 UM PA|H L
2 eRdth Residential Area®] EX|0]-8-852 A2EYUut
FAXNGOZE eyl 38 A2l Green Area= 1.1km,
Commercial Area+= 1.68km, Residential Area+— 1.32km=
Uebgth £1% Green area= ZA&o] ZA|5}A] &gk,
Commercial area 1~5%, Residential areas= 4~15Z° & U}
Ehe). AmAle) 570 B L YA ES Shgato] 2}

2 =0

Hel A =AAA9] V|2ARE ggetnt sk sHalet.
Table 1. Measurement Points Status
Division
Type Measuring Point Distance Floor Height Dry Land Ratio Green Ratio
(ea) (km) (level) (%) (%)
Green Area 7 1.10 - 7.6 92.4
Commercial Area 24 1.68 1-5 100 -
Residential Area 13 1.32 4-15 97.6 2.4
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QA EXol 8498 AR V1A ZHE JeES
Sfa) A7k DABZHE B3l Sk Ao] vl
SHAIEL, AIRHE o7 A o 52 4e AAsHt 71454
9 F7ole B4 242 20184 7o) AABATL 0|5
3 A ASHE o] A 2248 Fol7] glste] SR
of 1S ARSA fASHALh AR AL ol EREA] A
S ket AR EHA Aol AR A1

It

e sl g 4(Formula 1)ye o]-8sto] EAS AA
AtiJoo et al., 2012).

Che SOl LU T ol WA BTt HRS

Uehd A0 R olF By $istel o4
(Air ion index)(Jin, 2005)& $HAksto] B AlA|EHGIT)
o] £.2|4Air Ton Index)2t th7] % &0l &} ool 29| u]
£-2 FFsH= AFormula 2)0. 24 2217} 242 2ol
o] ol o] Hl3) WAl o B A Yujsin, St
2945 qpol& urEo] B W A2 oJu|gehKim et
al., 2017).

A EA 2R A1 ATSE, A SEARE 2
AT AT BAo] BB gk el dlojel A3}

golelal =

ALk AAEHATSI-9545, TSI, USA)E ARS8t 712,
FHE=E Sskth QAEEA TSIOs45= 2= 9 ¥
&5 A0 54 7heti, ddigEet % | S5 34
=74 2 dlolE 27)0] 7kssith 7122 -10 7 60T/ &

A 7HSEL APAIE 203%0lt At %ol
2% b5 QAL £3%elt
WY ZHe WAPILPO)E AHgITt A

LP02= 7P Atz o= AREE= Aol 180° Al
2 QAR A S40] HeSlE 45 A% W @A
WA AgFTh TeT UrRge] vleate] mV EES
30 Photodiode 7]3ko]u], ARG IS Zhetslet. o] e
ARARZE A AR A Zhsstal A5 Ee, 715, HE7
HIAE, Z)4mE] AHgE 4 sk

SH AR 249 49, SUAPNR-LITED) S AL§3lo]
25900, 2RAP) NRLITE2E % o] 2.2 4] 954
FA|2 ol2olA qlit), Shps oS kT o Skt
L ofelg Bk 72 Hololth Al PTFER 18]
o] A7) 412 SeEE w2 ARESHA] QAL E ol WA
= Zheth ERF s 10 Vo olal S fl= £25mV
ofch 2= £2000Wm” o]zle] uhE A 2= W=
-30°C~70°C o]t}

3012 279) 29 ol Tl ASHOT A
o] & COM-3600F(Com System, Japan)E =©]| 1.5mo|
A Z43}HtHKim and Yoon, 2013; Shin et al., 2012).
2 AtollA AR ol 54 7] COM-3600F = S
25kgo.® £O[RA oleg WA 2B 24
o}, o} ST F9| o] £ Yl Z1A|9] 7 Fofe
A AT 4 e AAEolelk o] UL Gerien 574
WAS AL Slom AF, 45 249 21 BES
£ ooleu 2oleg WER 2 Psal, sl
Fole, &ol BT 0~2,000,000ea/en7HA] &7 0] 7H55}
o, TN TAI717} glo] AAZEoR ofol2at oleg)
e sol 4 ork

ZGA] EA O GRFE HAPFE o] 2R 9] e
A2 9]8) SPSS ver 18.0% ARg-3to] & Iu) x| EAMEA]
(one way ANOVA)Q| ARSEAZ F3fl §-2lpF 0.059]A4]
DMRT (Duncan Multiple Range Test)S AA|5}4ch T3
AR EALS Bolo] ARHgo] et - 02 of
3 AEAS AAISHTH

X T

X(Ty—T))+ T,

(Formula 1. Correction Formula)

(72N T2 712A70) 1, 1), 12 BENZ, T, T
7} BEAGNA BET A7te] L)

Nagative Air Ion

Air fon Index = Positive Air Ion

(Formula 2. Air Ion Index Formula)
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A5 AT 20189 S5419] 71FEAS BlaLst]
8l 20174 7]%5%% w4 W ch(Figure 2). 78| Ft
263CE 71 &2 7|2 Bk AlSE E3 78.6%2

79 7P & AEFE UEth 52 BT A%
HolA| Aekeh S5=412] 20181 74 715l w4 A, Bt
71 2727C, 371 37.6T, AA7L 16.5CE BAY
ATk Z FAE 7]E 29 o} HYIRe] 33T E AABlst
A7 18U R YEdal, 9 B 71E & 249 ol

71&0] 35CE A3lshs 47t 1292 YEhth
OJH= A FHa17]2o] 33T o/l A7k 2 ol
&LO& g o Wes ZgEE, 297
F|aL 7120] 35T ol AdE7E 2% ol A&E e
I’ o WAl ZYEEITHKMA, 2018).

7137 713 A R el ofshi(Table 2) 54l
T 1097E 1459 9] ZALSFE 7|53, 2018d0] 38

[SRAL H]S3E ARl S
EA]OI olFAl= 41 10 Ljﬁ Ht is. 34e] ZHdE
=9 =Rl AEEEA =
Jé‘-& 11.5?:_14 #&%‘#E 715 ﬁi gl =oll A 7hg o
& EAR &S g YA 2 1047 R
Wit 3298 Yehyth H2 1047 S5A o dAlL dit
FAel Hlsl Bat AL AA UERL, 79~-840]
g2l Hdo] Uehte Aoz Z45

mlo

HE Y Jm
i b o2 o

1Y

U e i —{N xL r1r

S 2

2. ZYA| EXIOIZREE BHTY JIMSY 2

1

~

7|2

ZYPA EXo] g4 HYFIto] 7|23} o] 22429
S 2A87] S8 ZAA EX0l8REE 72 54
33tk Green Areal Z117]2 34.00°C, #A7]L 32.5
2C Hat7]& 33.29C = 4=tk Commercial Area=
31712 35510, HA7|L 33.59C B2 3453C=
ZA 5|9t} Residential Area= 2|117]2 35.08C, 2|#]7]

© 32207 HA7]e 33.79C 8 ZAE T 9y Wit
22 Commercial Area > Residential Area > Green Area
£02 BANLQ Y H7]|L, A7) E3F Commercial
Areaol| Al 7 =2 A3 Hth Commercial Area”}

2 A Aof| H|gf| 7]0] &2 7)4\% A A2 EE 9] v Yol
U, dAtell ofsff 2123} 7] 41 54 S0l dlow &g
PE Aoz AR EAtHYoon et al., 2008).

Al X0l HaEite] 7] A4S el
%] EAMEL X (one way ANOVA)Q] AL RS B3l &
9)a=Z 0.059)|4 DMRT(Duncan Multiple Range Test)g
A X5} Table 3). 7]-8-& Goj8kgo] 0.05H T} 2he
o7 FAE S om(P<. 05) oo |9 thEH| 7:‘
3}, Green Area, Commercial Area, Residential Area®]
o ofgt 2jol 1ol % 3lo] HrkoR THE. A
7% Aol wlet BAA] Exol4-g7E wpEIe] 718
2 Commercial Area(34.5303) > Residential Area(33.7877)
> Green Area (33.2998) =02 EXA I Qic)

ZAA EXo] &7 H HPF7o] AJGEe} o] 4]
9] IAE EA51] Sl ZHA EXol 8w s
T2 =A3}9th Green Area I ATEE 59.01%,

A AHSE 50.79% B ANSE 5557%5 ZA=QIck
Commercial Area= 11 AGE 55.58%, 2|4 AASGE
43.65% Ha ASE 49.76% =2 =4 &9 th Residential
Areal= T AISE 59.90%, A ASE 51.10% Jg;}
/R]—\:HZ_\_E 55.08% % ZXJ]QOH;]- %ﬁﬂhﬂ J:l_—n(- A 1:].]

Green Area > Residential Area > Commercial Area ‘ﬂ_"___i,
TAIR S Y X0l SR Aol #RE 7| A7}
ZAst ARS HYtHYoon et al., 2008). E35F Z 1L At
=, A ASEe F o o =414 939l Commercial
Areal T} Green Aread} Residential AreaofA] =& 733
oot ol AiiAI9le] it Ateslsle 7\t
AisEe 54 24 A ar2dolie A5Hol, A
e 7145990] o”HHT:]-‘— A3 ﬂ:,L(Yoon et al.,, 20042} L]
S ARl Ol Jlest Jrient ks 3%
7120] & oL AiGE ek, 7]2o] we

JlN

Table 2. Number of Days of Heat Wave in Chungju Over the Past 10 Years(KMA, 2018)

Division City May June July August September Total
Small and Chungju 0.1 0.7 4.8 8.7 0.2 14.5
medium-sized cities  Icheon 0.1 1 4.9 9.3 0 15.3
. Seoul 0.1 0.4 4 7 0 11.5
Metropolis
Deagu 1.1 33 12.7 13.7 1.2 32
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oM st 22 A= E‘r‘Jﬂ(Klm et al,, 2016).
ZolA] EAo|g-H7Y BAETIE] AT BAL 9
ol UYufx] EAREA|(One way ANOVA)_J PAKATPSERE S
3 F9]4=F 0.059]4 DMRT(Duncan Multiple Range
Test)E AA|SIStHTable 3). AtGE+= (285 0] 0.05
Hrp 242 Zloz 24 E G om(P<0.05), oo |xle] v
H|wAA A3k Green Area, Residential Area®] H2 52
3l x}o]E Ho|x] 9FQFA|Ht Green Area, Residential Area®}
Commercial Area?] H-2 §-2J31 2fo]& Hol & 27]9
ARt FESg A0 Al v S 0
G3d 2F71e] A& == Green Area(55.5783) >
Res1dent1a1 Area(55.0839) > Commercial Area(49.7653)
To® FAE S

£
e
2z
om

Atk T EAlo| 8T HAFRY Ukl
A A7} Green Areal X1 AARRF 900.95W/m?, A AA}
2 831.16W/m?, H+ U}k 872.84W/m’ 2 ZA = gt
Commercial Are L 2|3 QJA}EF 947.48W/m?, XA A}
2 812.24W/m> Ht UARF 870.41W/m’E A E )
Residential Area’= X311 UAFEF 1008.03W/m?, X#] AA}
2k 846.29W/m?, H Utk 93543W/m’2 A= gt

L& W AAFS Residential Area > Green Area >
Commercial Area 02 BEALQIth 11& AZE9] 43
© & Commercial Area”} 7} & AAlFo] =A = Ao
2 ARSI

21N Exlol g4 magrte] A HAL 99
A2 E4ihEA (one way ANOVA) S| A4S -3
T4 0.059]4 DMRT(Duncan Multiple Range Test)
£ AAI5IGItHTable 3). UARE= FolghEo] 0.05H} 2
& Aoz FAEGCH(P<0.05), o]0 |xle| thEH|ay
A A1}, Green Area, Commercial Area®] 2 G935t
Z}o)E Kol FFA| Wk Green Area, Commercial Area®}
Residential Areal] H2 G235t 2}o]& Ho, & 27)9

Aeto g LR ASAY Aol nel EelA) B4l
L53d Hgrto] AAEES Residential Area(935.4315)
> Green Area(872.8409) > Commercial Area(870.4116) <
o RAEY

W BRI wEAT o] x4

PO PR
HEAAT} Green Areal 1 $EARRF 596.44W/m?, 2 A
SHLEEF 506.65W/m?, Bt SEBARF 544.64W/mE 24
=9ltt. Commercial Areal= 2|11 <EA}2F 671.10W/m?,
A =B} 586.63W/m* Bk ~EAEF 628.59W/m’ 2
ZA %9tk Residential Area= X1l 4R}k 770.09W/n,
2| A EALEF 577.69W/m’, Bt EALE 645.87W/m’E
ZAE 9t o P4 HEAEFS Residential Area >
Commercial Area > Green Area &0 =2 =X |9t

Z AR EX|o] LS H3PLTIo] SEAIE BAS 9
3 LLujz] HAHEA (one way ANOVA)Q] ARSEAS &
3 F-2]4== 0.059]|4] DMRT(Duncan Multiple Range Test)
= AAIS P‘I‘E}(Table 3). CEAREE FolgEe] 0.055 T}
> Aoz FAE e H(P<0.05), oo 99| thaH]
A3k Green Area, Commercial Area, Residential Area
AR gofat Ao|g kol % 3le] Wgro T3]
A A Sel HQH S8R ng3
o] &~EA}EFL Residential Area(645.8754) > Commercial
Area(628.5980) > Green Area(544 6468) <0 & BAE|Qrh

1A Aol we£e] SRS 46 7
22 Commercial Area(34.5303C) > Residential Area
(33.7877°C) > Green Area(33.2998°C)< 0.8 HAE|t}. &
AR BHEEZ BF7HCommercial Area)o] 7} =91,
=22 0] WL Green Area 71 W2 HES H I A
<5 =2 4L Green Area(55.5783%) > Residential Area
(55.0839%) > Commercial Area(49.7653%) =02 FA 5]
Aok AiEEE 7|23} vt 2 =4 2|(Commercial Area)
A4s 22 S HAY SAlo] =xx o] 71 41714l

_1>~1

o&L oZiF

lo 0 1o oY

Table 3. Weather Characteristics of Pedestrian Space by Land Use Type in Urban Penetration Road Duncan

Multiple Range Test

Division Air Temperature Relative Humidity Solar Radiation Net Radiation
Green Area 33.2998a¢ 55.5783b 872.8409a 544.6468a
Commercial Area 34.5303¢c 49.7653a 870.4116a 628.5980a
Residential Area 33.7877b 55.0839b 935.4315b 645.8754b

9 : Means followed by different letters indicate significant differences using Dancan's multiple range test at 5% level.
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Green Area®] 7} =2 ek Bt} UAFRS Residential
Area(935.4315W/m?) > Green Area(872.8409W/m?) >
Commercial Area(870.4116W/m?’) £=© & Commercial Area
7} 7P e AekS. H itk o]= Green Area, Residential
Aread| H|3|| &2 =09 A5EY FFLE ALRE
SEA1ERS Residential AreaZ} 7H =90 1, Residential
Area(645.8754W/m?) > Commercial Area(628.5980W/m?)
> Green Area(544.6468W/m*)4&=0 2 EAE| 9t} o] &
AR 5o ERexEat v o) A, )il BAE
ALY dFor AtREU

Foich EHA B0l 83 HPFite] ofol
AR oh2a Pt oFol WA RRS Green Area©] A
31 666.143ea/cm’, Z|A] 506.282ea/cm’, Hat 589.73ea/cn’

2 Z2A%9t}. Commercial Area= 2|11 773.22¢ea/cm’, Z|A]

634.92ca/cm’, Ht 700.73ea/cm’ 2 =A% 21T} Residential

Area= I 665.66ea/cm’®, A 534.3lea/cm’,

600.76caem’ 2 2 E k. G5 Bt ol WAL

Commercial Area(700.73ea/cm®) > Residential Area

(600.76ea/cm’) > Green Area(589.73ea/cm’) 420 2 A

ol i ofol2 WA, A Fol Ay EI

Commercial Areaol|A] 714 =& AL Hrh o=

Commercial Arcacl| A tj7] % vl AT 2|9} A5kl o3

WA sk= AR o3 Ao & AbrE ¢Ithlin, 2005).
LX) BAO}4-43Y WHFIHO] ol WA A

2 915 LA E4H 4 (one way ANOVA)] AHFEA

<2 Z3 9-94== 0.059)|4 DMRT(Duncan Multiple Range

Test) S A AISFTHTable 4). Fol& AT F-olghE0]

0058t} 2 Aom EAEom(P<0.05), olo] Wil

k=8| 44 A3} Green Area, Residential Area®] H+-2
93t 2ol & Koz kATl Green Area, Residential
area?} Commercial Area®] 2 G235t x}o|& Hol &

2719 ko m FRE QI ARHA Ao whel FHA|

Exo] &3 Haghel oFol& WA Commercial

Area(700.7259) > Residential Area(600.7630) > Green

Area(589.7373) £o 2 HEAEQC

ZA) B0 §HEY WAL Solewt o] ex|4:e]
DS B 918 QA EAol§fa Lol

& At EYA EAOl§REE BPFLY g0l
HhAyERe oh2af e} 0] HAYSES Green AreafA] |
11 821.86ea/cm’, A 554.70ea/cm’, Hat 663.95¢a/cm’ =
ZA% Yt Commercial Area= 3L 623.97ca/cm’®, XA
466.52ea/c’, ot 527.48ea/em’ 2 =3 E It} Residential
Areat= 2|11 680.34ea/cm’, Z|#] 541.29ea/cm’, it 628.48
ca/em’® SAECE 7FY BgolL WA Green
Area(663.95ea/cm’) > Residential Area(628.48ea/cm’) >
Commercial Area(527.48ea/cn’) &0 8 BEA%|Q 1 X1 &
ol WM, 27| Fo| WA 3t Green AreadllA] 7F
=2 AFS Bk o= Green Area®] AYik=A]| 2| o] &
Frzien Aduee] Wi, =AE0] ot ol WA
of #A 4% Aoz FHE UK Yoon et al, 2012). EZ
AR Y S0l BhEFel 150~450ea/om’ Hibe W
HAgEFo] UehE AT, 17He] A7ks fAIsH] fls Bagh
F|4gko] gol & YRR T00ea/em’ o= & B A= Zo.
el thKang, 2003).

oA EX|o|§HFH BT Gol & WA HA
< 9J3) LA AR A one way ANOVA)Q] AR5
2 =3 §94F 0.059)4 DMRT(Duncan Multiple
Range Test)S AA|5FGITH(Table 4). 0] TAYFS 2
ghE0] 0.05H T} 22 o= FAE GO m(P<0.05), o]
A9 thER|wHA 23}, Green Area, Commercial Area,
Residential Area®] H4-2 $-0131 ZJo]S Ho] & 3719 At
o7 FRESIE AR Aol el LA BEXO1EHE
H HPFIEe] Fol WA Green Area(663.9577) >
Residential Area(527.4754) > Commercial Area(628.4883)
w8 BEAE g

3) o|2 X[+

24 Bl gEY waFLY oleAFE T}
7t} o] 2X|4= Green Areaol|A Z Il 1.44, A 0.90,
Bt 1.132 &A=t} Commercial Area= &1 0.97,
Z A 0.66, H+ 0.752 =A =)l Residential Area= %]
31120, 2# 0.83, B 1.042 =A=|c) §3H HHo]
L2X]4=& Green Area(1.13) > Residential Area(1.04) >
Commercial Area(0.75) <02 BAE Q1 i1 o] 2R,
A o] &A]4= T3t Green AreaollA] 7H w2 HFFS HY
t}. Commercial Area?} Residential Area= tf|7] = u]A|H
A&} ApAke] ofsf ol Aol o m(Ji, 2005),
o] 298] 54421 F714ste] ofsff ulj7|7k, 7] e dE=E ol
HL25le] u Z2AE o F AR EQTHOh, 2014).

ZHA BEXO] G HPFIHe] o] A WA &
Qs dHujA| FAREA] (one way ANOVA)Q] AR
Z3)] §94% 0.059]4 DMRT(Duncan Multiple

> 1x
o o
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Range Test)S AA|5}ICHTable 4). 0] &-A]4> Whgko. &
ojatgo] 0.05H Tt 2R A o0& EAE|9) 0 H(P<0.05), ©]
of dAe tfEu|nAdA Al Green Area, Commercial
Area, Residential Area®] B2 §-0|8k afo]& Ho] &
e Weko FREUC A AY Aol v} E
A BA o) 57 BT o] LA% HHTE Green
Area(663.9577) > Residential Area(527.4754) > Commercial
Area(628.4883) =02 EA

Ko
ch(Table 5). 419191 0] ol Walgke 713} 3io] Ak
A, AdisEet go ATEAI(Kim et al., 2017)7F LHe}
dtts A4 7E vlglo 2 Commercial Areas 71HS:
1, Residential AreaS 7FH4 2, Green AreaS 7FHS 32
AAsto] 71EAT 371012 AT A E4E A
AT,

EAo g7t o] ATAA Q] AL AHE(7387),

B0 ATACL AL 7] 2(-6537), wHAH-5TT7), F

o]l HHAIER-7427) o7 BAEQITh AYAR=2] R 9] H]
°! g ol WA, oA 4
A~

A, ool &

o] & BhyEFTke] o) ATTAY AL Exo] 47T
& 1279522 #4He
5O AHBAR R 7)(-506"), w4347,
oFo] & HPAYEK-7447) 2 EAEQITE o] AR
oA EF; ALY Augo] Wi, K2]80] &7 i
of Zol& wAEFo] A 24 H Aoz AE T Yoon
et al., 2012). T3t 7] 237} - 506(P<0.01) F-o] AFktkA)|
2 7120] HE&FE ol WA F2 Aog AEQ)
on, JGFEL= 546(P<0.01) Fo] A= s
7t #E4E 2ol HAFE W AoR wE ik
ol Zo|& ATk tigljA] 712 Fo] ARtHA, A
S Ao AtaAle ths Z3H(Yoon et al., 2012)9}
Uz|eh= FFSE B
oFol& ubAyEFulo] Ao ATEAQl AL 7126687,
SEARK-277)2 BAEglon, o] AmuAel AL
EX O] G (-.7427), AUISE(-752"7), AAFK-2777),
Zol& WAH-.744"), 0] 2X|5x(-906") .7 HA | glr).
oli= ofol2 WM 7| 20] Ao AltAlehs AT
(Kim et al., 2018)Q} UX|5}= Ao =2 eyttt

.

Table 4. Air Ion Characteristics of Pedestrian Space by Land Use Type in Urban Penetration Road Duncan Multiple

Range Test
Division Positive Air Ton Negative Air Ion Air Ton Index
Green Area 589.7373a 663.9577¢ 1.1370c
Commercial Area 700.7259b 527.4754a 71541a
Residential Area 600.7630a 628.4883b 1.0499b

9 : Means followed by different letters indicate significant differences using Dancan's multiple range test at 5% level.

Table 5. Correlation Analysis of Air lon and Weather Characteristics by Land Use Types in Urban Penetration Road

Correlation coefficient Land Use Temperature Rela'ti\'/e S(v)la.r I\.Iet' Pgsitive Negative
Type Humidity Radiation Radiation Air Ion Air Ion
Temperature -.653"
Relative Humidity 738" -.692"
Solar Radiation .100 -.048 295"
Net Radiation =577 464" =277 309
Positive Air Ton -742" 668" -752" =277 392"
Negative Air Ion 624" -.506"" 546" 118 434" -744"
Air Ton Index 7107 -.605" 660" 187" -465" 906" 952"

™ indicate significant at the 0.01 level



ZGA EA Ol

==

98 BRI oleA4 Bt 362

2) EXI0IZSEN 7INSATI 20I2 WA 7} CIESHEA
AT Bl $ol4o] AEE JHEAOR ool
Peate] QlubiAE sloksty] Slotel thEslH BAL
A 3HIER Table 6). oFol 23t AFgho] §ojulat Exjo]§
%712, AT A, Sages e 2
AN AT SEARE) A9 T BAA BAR B
e 150} AR §ojEHEe] 0.154(P-005) %
Helof folo] HEF Ao Seluolck wrebd 29 o
FeAmao] 7b A3stcka Bekw gk
EAGER YL /G Gole Y T 13a
3 H= szoa o} 7
e aaae oo

= 1=

> Uk

ﬂllO :lo it

= o
D:] Xl‘— EX]O] o'rl‘ o» XZL. 7] X3—f_>—_- /B]—q%'/_\‘
UAfFolet. o] wf Fol2 Aol gt A
& R 67.7%= A=k

Y= —30.903X, +18.427X,
—0.196.X, +484.481

(Formula 3. Positive Ion Regression Formula)

— 4.462.X,

3) EXI0ISREE 7IIEMT} S0I2 WAt 71 CISERIZA

AT BAA Fo4e] AFE /NEHOR Sl
] QA Tioks] Slstel BEEH HAL
AASFIEHTable 7). ol &2} Aol §2Jul3t EXjo] g

Table 6. Multiple Regression Analysis between Weather Characteristics and Positive Air Ion Characteristics by

Land Use Type

Unstandardized Coefficients

Collinearity Statistics

2y t Sig.
B Std. Error Toelerance VIF

1 (Constant) 523.388 189.299 2.766 .006
Land Use Type -26.635 5.753 -4.630 .000 299 3.339
Temperature 16.779 4.847 3.462 .001 435 2.300
Relative Humidity -4.847 1.133 -4.278 .000 .308 3.247
Solar Radiation -.227 .060 -3.801 .000 738 1.355
Net Radiation 0.93 .065 1.432 154 490 2.039

1 (Constant) 484.481 187.723 2.581 011
Land Use Type -30.903 4.932 -6.266 .000 409 2.442
Temperature 18.427 4.720 3.904 .000 461 2.170
Relative Humidity -4.462 1.103 -4.044 .000 .326 3.065
Solar Radiation -.196 .056 -3.513 .001 .853 1.173

Table 7. Multiple Regression Analysis between Weather Characteristics and Negative Air ion by Land Use Type

Unstandardized Coefficients

Collinearity Statistics

7y t Sig.
B Std. Error Toelerance VIF

1 (Constant) 716.547 312.160 2.295 .023
Land Use Type 34.600 9.464 3.656 .000 302 3.312
Temperature -7.931 7.982 -.994 322 438 2.286
Relative Humidity 3.972 1.813 2.191 .030 328 3.046
Net Radiation -211 .100 -2.100 .037 567 1.765

1 (Constant) 418.113 85.045 4916 .000
Land Use Type 35.437 9.426 3.759 .000 304 3.286
Relative Humidity 4.879 1.600 3.012 .003 422 2.372
Net Radiation -.239 .096 -2.490 014 .618 1.619
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T3, 718 AUSE, AR U5 &4 AA |1, X AEE X2 ARtk of uf ol Ay

o A, 728 A v 34 SARY sAEAES 12 2ol 3t ZAASE 04222 R*S 42.2%=E Ak

oF SA, frolghEo] 0.322(P>0.05)2 A4 5o {2

o] HEsl Aoz slolEolr). upeb 2¥ thEs] 7 n s Y= 35.437X, + 4.879.X, — 0.239.X, + 418.113

o] 7} Agsirial wetE ik (Formula 4. Negative Ion Regression Formula)
EXol&FFE 75T ol A% I v

A Adp o3t 22 S0l AT oSAle Atk B

0|9 oEH VAEAT} So|L ek 7} thEs| 7R 2 4) EX[0|2RAYE 7|45 Ha} 0|2 2t CIE3|IHEM

I}, Agsirtal Ao 2 2E Vel s o 22 EA A EAOA FoAol HTH TIFEELR oA

O[5 2ol LA o248 AgirHFormula 4). of
714 Y EX|ol 843 ol wasolu], X& EXo]

oFe} A S wh
%tHTable 8)(Fig 2). ©]- 22|42}

5] Sfstol B LS

Table 8. Multiple Regression Analysis between Weather Characteristics and Air ion Index by Land Use Type

w Ugi:?g:;:éf:d , Sig Collinearity Statistics
B Std. Error Toelerance VIF

1 (Constant) 1.295 705 1.837 .068
Land Use Type .086 .021 4.027 .000 299 3.339
Temperature -.037 .018 -2.031 .043 435 2.300
Relative Humidity .012 .004 2911 .004 308 3.247
Solar Radiation .001 .000 2.704 .007 738 1.355
Net Radiation -.001 .000 -3.058 .003 490 2.039

Air lon Index

Air lon Index

O A lan Indsx

eeeeeeeeeeeeeeeeeeeeeeeeeeeee

a. Dispersion diagram of Air Ion
Index by Land Use Type.

Airlon Index

Air [on Index

. Dispersion diagram of Air Ion
Index by Temperature.
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d. Dispersion diagram of Air Ion
Index by Solar Radiation.
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. Dispersion diagram of Air Ion
Index by Net Radiation.

C

Relative Humidity(26)

. Dispersion diagram of Air Ion
Index by Relative Humidity.

Figure 2. A Regression Analysis Graph between Weather Characteristics and Air ion Index by Land Use Type.
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78, 712, AdEE, YA, SBARFCRE o553 4
< AR 23l EXol8/7, 7|2, AUl YA 5
F LE s 344 SAEY SARE TS 1H o Wkl
frojgEo] 0.05H T 22 Aoz FAEo] {ojido] HE
Hoong, 1§ t53Arg o] Agtsirtal = Qo

Exo| &5 75T o] A1 Tt thslHEA] At
Th&at 22 o] 2A| d5AE AtkFormula 5). EXJo]-&-
FEH 71dEAT ol 7 thel e 2k A3tsict
o ek Bl 7R R ohgat 2 EXol SR ol
Ao A4l Aot o714 Y= EXJo] 8-/ o] 24|14
olH, X2 EX0| 878, X2 7], X2 AEE, Xy
UARE, X5 AR olt) o] ff o] 2x|4=of tigt A7 A
=l 0.582% R™S 58.2%= AwWE|¢irh

Y= 0.086X; — 0.037X, + 0.012.X,
+0.001.X, — 0.001.X; + 1.295

(Formula 5. Air Ion Index Regression Formula)
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