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ABSTRACT

The purpose of this study is to quantitatively analyze the effects of structural characteristics of single—tree
planting and clustered tree planting on summer air temperature based on observations in urban forests. Air
temperature and humidity were monitored during two observations from June to August 2025 at urban parks
located in Jung—gu and Dalseo—gu, Daegu, South Korea. A total of 21 observation points representing
single—tree planting and 7 points representing clustered planting were selected, and air temperature variations
were analyzed across daytime, nighttime, and early morning periods. For single—tree planting, key structural
attributes of individual trees, including canopy area, crown base height, and tree height, were examined. For
clustered planting, planting— and space-related structural variables, such as sky view factor (SVF), impervious
surface area, and crown base height, were analyzed. Correlation analysis and multiple regression analysis were
conducted to identify the dominant variables influencing air temperature under each planting type. The results
showed that both planting types exhibited the most pronounced cooling effects during the daytime. In
single—tree planting, canopy area and crown base height were the primary cooling-related variables (canopy area
and crown base, Acer: f = —0.585 to —0.197 and B = —0.461 to —0.231, Zelkova serrata: B = —1.199 to
-0.672 and £ = 0.038 to 0.342), whereas in clustered planting, air temperature was mainly influenced by sky
view factor(SVF: 8 = 0.485 to 0.863) and impervious surface area( = 0.204 to 0.556). This study provides
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insights into the thermal mitigation mechanisms of different planting configurations and offers foundational
evidence for establishing planting structure and spatial configuration strategies aimed at reducing summer air
temperature in urban forest planning,

Keywords: Thermal Environment, Urban Microclimate, Observation, Tree Canopy, SVF
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Alst 0.001 0.001 0.087 1.251
SHHA -0.027 0.002 -1.159 -12.096™
) 26.311 0.370 71.026
" 4_1 0.002 0.000 0.570 3.843*"* 0167
Al -0.001 0.000 -0.229 -2.324
SHHE -0.009 0.002 -0.664 -4,909™
(A=) 24.404 0.219 111.548
A 4;1 0.000 0.000 -0.112 —o.soz}w 0293
bl -0.002 0.000 -0.547 -5914
SRHY 0.003 0.001 0.306 2,407
(A=) 31.442 0.223 141.107
g ESni 0.004 0.000 0.611 15712 0489
bl 0.004 0.000 0.342 13.235™
HHA -0.031 0.001 -0.988 -27.881™
) 30.806 0.176 175.326
22 " S 0.001 0.000 0.199 3.726™ 036"
S8 MY Al 0.001 0.000 0.099 2.777"
SHHE -0.004 0.001 -0.246 -5.044™
(A=) 28.664 0.137 208.922
A 4;1 -0.001 0.000 -0.288 —5.452:** 0,054
Afgt 0.000 0.000 0.085 2410
SRHY 0.005 0.001 0.361 7.486™
Ca) 32.607 0.458 71.185
g ESni 0.004 0.001 0.730 7.666™ 0669
Alstn 0.003 0.001 0.335 5.292™
HHA -0.032 0.002 -1.199 -13.809™
&) 31.901 0.506 63.036
S 4_1 0.001 0.001 0.181 1.102 0017
Al 0.000 0.001 0.037 0.337
SHHE -0.003 0.003 -0.180 -1.202
(&) 29.441 0.248 118.777
A 4%1 -0.001 0.000 -0.436 -2.795" 114"
Alsta 0.000 0.000 0.022 0.215
SRHY 0.005 0.001 0.549 3.860™

"p (0,05, "p { 0.01, p { 0.001
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UM, ZEF, M, 2, U, ¢S

% 32 S40) Z12e] AA L v OlelickEnot Pe, 2022 Cai et al, 2025).

= 530 FEA0R A FR Uehd WAk SuwAoR, BE B4 Aol W AR slet
0] TS ekl 4 2 Gapete ot ol Aude] Hets 5] Hsbt siele) AEist 1Y
Fom GYs SRAS THH0R Adsp] fEoR SHPERE 5, 2017, ot Fut 4 1

§

b EA] 987 7ol S]] ofge ke ARETe] 2ol @RS (Wang and He, 2024), @54 4]
el Qlof o] We =o] 712 2 ans Sishhs A a4us AARIH

Fie T 2% BN W ARNY 7123 o] WAS Elon, s ol nE wase] fofRt g
e Tl ] AAAR] et el T SIS Hishs WaR sidfEr). ok At a3 A &
£ AHor dYoplErhs, HYEAR] EHe 4 Foloh ol mhE 4 £ 2108 AR Y
AR, i 2Jstare] Jag 4ol wet AdolshAl vebdt W AR A A, gEeutE A
W 71t go] FAE Ho| Ashr} Ee4E 7] 20| shkele Ado] SRl e Zjstast 7]
I go| WS Hglor] 12 AP7lel 1 gl s et Asht wRess 7leo] shdshe BEE B
Aot ols TEUHTE i eR et Astart Wil a0 W £3 E4& 7] wiEe] Alshart Wobd
785 3 sl 371 &flo] AAlEe] dol F2d 7hsdel AAY] thEe® siferkRahman et al, 2018).
LELTE] 739, 1ot ARl w2 4% 54 7 Akt Asdas 3 sk B3l Aawe] i
7k gl o] kgl Rt V1R Az Bt 3] iRl Qs sl miEos s

FTARS W EEF ARE B W AR 712 AR St W sEHAs gEshe 2] 7P 2k
o, Al ¢ #FE o] mE Aole 1= wart 9lrk

N

o
<ol B

<l
e

3.3 22 Aol 712 Mz &at

33.1 2 Aol 2B EA 9 F8F 201 B
24 Ao g 242 B Sl AR EY el 918 B Al 42 9 2 4 Tl 7
o WS B, 24 Ao EAL uiash] i, 7F S W oF Sm w9lo] 8L o 4B
=4 gl B0 T 9 Bae Aedon] 21 940 e mEeh] 98 ZAAdoRRE W 10m
B9l0] T7tRe eIt 2 A B Ade] AR T B B4 QuisRl] sl e AskaL,
2~

&S st 11 2, ) Jges FEHME o 5 540 FH 37 720 A= o
go] vluA wEslo] ofF AF Imom AASIH ATEe 29, 49 A, BIES 19, 3W, 69 A3, CL

o )
B o, T8 AHoE FEEI

IFE 71 Aolg AFS] flol ZAREAANOVAYE 2ARE 2, BE 85 AP]e] @ ARl = 23]
el e 712 Aot AR RoloH UetdH (14 faddd F= 11542, p <0.001; 14 594 F =

I
53314, p < 0.001; 2 GE@EHA F= 216152, p < 0.001; 28 ZFY F= 41222, p < 0.001). ¥ha it} 4
B ARIelAlE 712 Alol7t Hashe g AR HERAd ¥ F= 05%, p = 0552 14 Haesd A
B F= 1390, p= 0253 22k ZFU HF F=1.225, p = 0299004 gopdo] e itk
Scheffe AFFARS Bl 21 79E 72 BEE Hlugt Ant @ Aol BE 85 A7|9M BIE] 7]

6 = AN O8H EM HA
1= 2= 20 2z N E0AY | APt | #2 SV Sz | LA i ZJIZIHIE2 HY %54&? HA
A (cm) (cm) | (cm) (%) | A= (m’) ()
AdE — — 1.3 25 255.0 | 5825 | 56.2 438 0.7 | 231.2 203.2 111.0
4 OfFLIR, MR
1 TR, S7AILEE
BIE 3 a5, HELR 18.7 6.7 405.0 [1020.7| 26.2 73.8 1.8 | 288.6 263.6 50.5
6 ST, AFLE, AL
5 AEZHIH O OFHLER
cas 25.0 85 491.3 |1512.6| 31.9 68.2 1.5 | 309.6 314.2 0.0
7 HEEMIFOOf, AEZEZ |2
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AR B4 W2 712 A2 IiFLIE SA

=0

6177 43, €38, 478 25 710 s A90] LA B T B 31 14 Rk
A g ZAAA Hf 7]20] BIFoAE 29.97C, 31.47C, AdFolMe 31407, 32.90C= oF 1.43TC9] &
ol BYH 2% fEEAY 1

35.30C, ATBOIAE 3589C, 3641C2 ekt oF L11-115C9] Ho}g molol 24 o] w98 Aol
7} Zpsich oléfe Atk BIge] Aoz SVPL sk By B Aos), Akt 02 5
A ek 7221 438 P A 0] AT 9§ 3700 Q3K S0 Sk B AIRe SVE
7 en BEAEA Higo] Aoz A, v AR A S AER G Z20] Gl 2 AHgsuin
190 7122 29l 7oz Pk Wk A ARkels ks AR Al ¥ TS Al U,
oA ARIERel ATgo] B, CIE Hish AjE0R Re 7o Bglon, ot ATF0] & SVES 7
AL Wo] Hrh YBsH o|Rolz] hRoR ShHE chet o] RIS 23 2 B 7)e Aolt

gl 33—%1% ME RARE 7ol uEhdos, Bt 71ee] BIgeMe 3474C,
1
0] %

S ARl Hlsh 4] efgkom, G AlefAlE TAR frebdol SEEA] got T Aol me ded At
£ distete] shishrlolle AP itk

Foh, W ARl W2 SVESF W2 SRRy wals FHoR o 33 72 vl Al g 2
FEE oI, A AR olE w2 SVFO] mE AutEA HE 54o] 712 g4l Arides Fadt
L& she AC= vEpdtt o 4 AAlel e FeE Aol EHefEARe] el Al W AR e
7V FEeHAl Uehter, ofe]l w2t 74 Al e ael] Hit s W ARME FHoR £k A
o] Btgslct. ok 3 A AR Aufe HaAQl e wof 2ol shishe Zo] Adet Acs

14
T A B eet 71 7] A Ao BAspl] o W 2 A RS e o

E7. 22 A 05 SA0 2 ARKHE B2 712 ANOVA 24

= A B C F
S 31.40° 29.97° 30.64° 11.542™
{8 BAMY gt 25.33° 25.70° 25.58° 0.5%
S M= 2017 20.77° 20.90° 1.390
- o 32.90° 3147 32.36° 53314™
nkctl Bt 25.47° 25.74° 25.77 3.251"
A 18.28° 18.98° 19.15° 46.288™
S 35.89° 34.74° 34.83° 216.152™
S8 #Md gt 30.74° 30.88° 30.58° 8.947™
— ME 26.45° 26.86° 2673 20.232™
o e 36.41° 35.30° 35.44° 0.2
=l gt 30.94° 3113 30.84° 1.225
ME 2177 28.16° 28.04° 10.555™
a,b,c Scheffé’s post-hoc test
" 0.05, “"p { 0.001
B 8 T AR e 7H ARRA|
= EF] ALzt =1 e ACos | S5y
. (cm) =8 (cm) (om) S (%) LAz | =18 (m?) (m?)
EnESv ] 1

Alsta 0.850" 0.675 1
! 0.933" | 0616 | 0.731 1
SVF -0.401 | -0.736 | -0.279 | -0.499 1
Loz | 0401 0736 | 0279 | 0499 | -1.000" 1
LA 0256 | 0739 | 0.187 | 0402 | -0978"| 0.978" 1
=A[Z | 0841" | 0683 | 0661 | 0.885" | 0.091 | -0.091 | 0.030 1
AUCmlE | 0845 | 0413 | 0730 | 0734 | 0363 | -0.363 | -0.381 | 0.815 1
=542 -0845 | -0413 | -0730 | -0.734 | -0.363 | 0363 | 0.381 | -0.815" | -1.000" 1
"p (0.05 "p{0.01
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UM, ABF, HA|, £, UFH, Y|
A TF5ae A Sl ATEAS AASIIGE 8 B, B4 23, AL Aok, 430t B &
o) HEPE Hol 420 74 SR Ui Bhe BuEgon] S Wiy we, Bein
WA A2 B AT Uehioiod, o] 3 97 99t 1 o AS 1 ARdoR hE 4 ol
S4mA WA SRRY AR ARSI, SVES 4TEet 2] ATbAE el A 2719 7

28 o

I

=

o of

e ox

m
w24 mr o

. Pl S ARMqelA ko &2 drelo] ueht 3
54 Wavt 712 WES Adshe Fa AR SIS 9 HR). W ARM Slwge] duEe 14} &
AR 2.7%, 14 ZAY 804%, 22 FAEAY 50.1%, 27 ZHY 61.9%= Uergton, Wk A ARz
S ARl wls) el gashs e Bt 2% 22 F9L A ARMelde el 66.9%
2 Ueht 71eo] e 2 24 A SA0] W - A AR Zleell 9%e vl 4 Sles HAAR, o]
=fet dike 599 stee] duloA vehd S4elnR Il o siistlels @kAPt 2
2 A7l gl duEpl wA vehd S ARMHE FH0R w4 Ae] 71 At mxke EAstelen,
it A AREO] Faks g 20 Uehte HEAQl goR AR 02 sisioltt

it
=
1
>
N,
£
M
It
b
T
N
i
[
o
>

(I

B9 I A Edut 7129| SR

T iy B S.E. Beta(B) t R
(&) 30.733 0.375 81.904”
A5k -0.006 0.001 -0.389 -7.69"
el =] 0.000 0.000 0.085 0.095 0.227"
SVF 0.048 0.004 0.485 11.776"
SELTAHA 0.006 0.002 0.204 3.825"
(&) 24.234 0.443 54.754
- Al5ta 0.002 0.001 0.144 0.520
o 4; gt =] 0.000 0.000 0.069 1.209 0.019
SVF -0.002 0.005 -0.016 -0.342
SELTAHA 0.003 0.002 0.105 1.750
(&) 20.239 0.508 39.835
A5k 0.003 0.001 0.143 2.529°
M= ] 0.000 0.000 0.046 0.811 0.034"
SVF -0.007 0.006 -0.061 -1.137
SELTAHA -0.002 0.002 -0.060 -1.010
(&) 32.126 0.312 102.993"
A5k -0.007 0.001 -0.838 -10.898"
£ ] 0.001 0.000 0.401 5.210" 0.804"
SVF 0.047 0.003 0.863 13.785
SELTAHA 0.001 0.001 0.397 4914"
Cis) 24,665 0.3 64.175
i A5k 0.002 0.001 0.370 2,241
3_1;; gt =] 0.000 0.000 0.113 0.685 0.098"
SVF 0.003 0.004 0.089 0.661
EELTANY 0.002 0.002 0.186 1.074
Cis) 21.564 0.240 89.993
Al5ta 0.002 0.001 0.465 4.147"
M= ] 0.000 0.000 0.205 1.820 0.583"
SVF -0.002 0.003 -0.056 -0615
EELTAN -0.002 0.001 -0.236 -2.003"
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A EQ0f e 712 AE IAUS &Y

O AL
= =2itie B SE Beta () ¢ R
(&%) 34.86 0.170 204.992"
5k -0.002 0.000 -0.170 -4.183"
e ESn] -0.001 0.000 -0.254 -6.231" 0.501"
SVF 0.030 0.002 0.537 16.228"
EE4mAHA 0.009 0.001 0.509 11.899"
A% 28.325 0.202 140125
- 5k 0.004 0.000 0475 9.360"
E;j ut ESn] 0.000 0.000 0.117 2.290' 0.213"
SVF 0.003 0.002 0.051 1.222
EE4mAHA 0.010 0.001 0.648 12.078"
A% 24,839 0.188 132.110
5k 0.003 0.000 0.3% 7.561"
INE ESn] 0.000 0.000 0218 4,165 0.178"
SVF 0.003 0.002 0.069 1.631
SE4nAnA 0.004 0.001 0.293 5.345"
A% 35.62 0.365 97.481"
5k -0.002 0.001 -0.255 -2.376"
e ESn] -0.001 0.000 -0.253 -2.353" 0.619"
SVF 0.025 0.004 0.551 6.311"
SE4nAnA 0.008 0.002 0.556 4929
(&%) 28.047 0.508 55.246
- 5k 0.004 0.001 0.567 4,059"
ey ut ESn] 0.001 0.000 0.290 2.070° 0.352"
SVF -0.001 0.006 -0.018 -0.156
SE4nAnA 0.013 0.002 0.874 5.945"
(&%) 26,081 0.186 140.527
il 0.004 0.000 0.871 8.727"
INE ESn] 0.000 0.000 0.325 3.251" 0.669"
SVF 0.003 0.002 0.102 1.255
EEATAHA 0.005 0.001 0.616 5.866"

"0 (0,05, “p{ 0.01

AR EA A3l SVE, Aok, SR WAL iR B4 A7 BAHeR [olgt M
TEEQ 14 35 29 Aoy, aRAY B AR SVEZE 71 2 e Hoj(B = 0485, p <
0.001) SVE7} 2245 7]20] Agtul= AgS Bk Astie 713 52 BAE Ue Aslavt =25
71eo] A== gkl SRIEJT(S = -0.389, p < 0.001), EFLEA WAL 7123} ofo] TAE Holm(p
= 0204, p < 0.0D) AFEH EAo] & AR 71 ol FFE nx= AR Yelth QA W ARIHeA
£ olgst A3k] o ARlEglon Yo SVEY o] 7B} IA UeRdth Alotet BEESRA) WA
12 AU FUoH] O] BAE Hom, S HoR vt 723t o] AR [olokAl JEldth 24}
=5 Ao FARE ZIE B o), H4=0] GaF=e] o7t Uehdth 22} fERAY W ARk SVEE=
oJ#s] 7P 2GS HAoH(B = 0.537, p < 0.00D), BEEFEA W9l gake 12} B=o H|s| 2A 7}
oto] U 7] Aol g 18 A9 W ZRESIHTH s = 0.509, p € 0.001). Aokl 713t 5] BAE F
At p = -0.170, p < 0.01), 1= 12} B=a} 2] 29 BAE B 23 EEY W ARoAE &
At 7o) BlIElom, SVE(B = 0.551, p < 0.00D)<t E55m4 BA(B = 055, p < 0.00)] dako] 2
Al e, Aetls 714} 22 BAES fAI o=t il A AAAlelA W AR 712 Aol 9L
of A A FX(SVEe AEH € EAERSTY w4, 191 £ ol 31 FR(Fstanrr B es 7
49kS gmelt), Es] 7l20] Aoz WSk 1x} BEo| A= SVFY] dfo] Afd oz veht HhHH, 71.20]
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o 570] Avte ST 134 BEels ek A AR REel ol £28 W4t AgEelslo.
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| S91 14 B50) 9 Aol BA2 ol sl E25A 9Tk of Avidhe Aekst
wap wio] s Aol ol Uehton], wide] el et uiAoR 37 sloket ol 14 B
o] AR 7] 20] W 27l o}, v 5a S8 Qo] ok A4 e nlAA Fa)
w0 SER 23 el ik A Aol ol st W4t Srsigon, Besa cﬂa
Aok, 427} W02 §olspl E2EEE o 24 B30l AdoE 18 27l 4T, ¥ 52

42 to] oL A AR 2 A1) 4] 712 ] el et Ml Bk AL, 21}
D2 BT BAL W ARl 7K 2 GFEe B, ol v AR 7E B4 EHo] of
2ol Q2 EeluA 79 71eE §AISAL ASATI @ A bt 37 A8ap] vEes s, A
Aol 52 wAe) Qo] Astaact 2 Ueht AERe] @ WS olge] 3] 4% 727t Fag
e sl om ek
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I

3.3.2 73 Aol 712 Az &t It
T+ AE ddeR & 24 AnE Fehd, w3 AA
EEgt 712 Apolg Bylont, vt A Alttdellids 1 43 MM@BE H\%EP*E} 1
EjFEAL] ofet dRst ] BT A BH EAo] 7
T Al 7P Fagt Wia= SVFR, e 5 A719] W ARK 1 q 7123t OU e UrE}LHU% 7V
2 YFEE JER ol SVEZF WSS ] ofst Al bt stElel AmHoR {elEhe dulEApt
aEoR AE] tRog AHTEEE 5, 2017, Yao et al, 2025). E5524 HE EO} o A ollA
ot OJO WS HYlow, E3] 7|20 i‘”ﬂ 2t T 9 EAYeME giEe] S 12 A7k
31 o QAR Ueidth o EEFEA0| HEAS 5 2 AR & AEde=A 23] A
el o %‘i—&—% TVAIZ|0, S 2| mat o] dReke el thEeR SiHErkEEat BEE, 2014;
Kim et al,, 2018; @77} Hed, 2022). Aofe @ AlZttielA] =] 713t o] PAlE Ko, 53 ol
o] FRASE 7]20] ARl o] RIS of= %@ Aol 43 sie] B 27T 3] <% T+
27} 71 Bl Fa7t ARS e oufgitt 53] 14} TSl 24 PEO0= A5E otk - A At 7]
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A ARl AR e 0] gl AR Uiekten, D8 A1 2% Bl
SRuido] o] ATAOR Are AHS ek ol Jlge] e AAULE v 521 74 Au
9

4 =4 TPE I A7 ASEe ofnikie W ARl BRRd Hao] F2 g 9¥e Bl
H o Set e lﬁ‘ﬁoﬂﬁ FEHE Qo) okt 7Iee A B Al £ 85los A8t v, A
AR AER @ WE0] ol oelEal Astale] gdo] Arides AH 4 SR Fe| 57 &8
Yol T8 ALL sfe o= U ol W ARRtdels AlEHe] & WEel, A ARMelks a4 sk

e e v ww e AHE S B2 SVFE BT 4 P 48 A 729 9

TR
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0, By A 43, Aokn 282 B9 49 o B0 S} s Ao watr
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A 7P FEIg 712 At aTE Btk ol EigEAR] mhE RS Al T Aol a3 37t
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82 | g=z

oEg A A 71 A Bl NE 5] a3 0] gl TP A UEisth geguRet LE
LHT BoflA] _/,:ﬂcqxqg 2 ARHY 7129t SO A Holn 7P} S8t WeE Z8oislet(Xiao et al,
2024), o= B F=o| Argoks 150 WAo] 71 Aol SiA WAUZAS SnjohH, el ofgt HIFEA
2t ol whE 2 3H] G A il ofjt A= oAt 5, 2015 Wang and He, 2024). 2okl
O] FFE FFHR AolobA Uei, B Aelds 50 59 B4 A EA et 2ajkE AA
gt} &= ARE dPdeR g A ;"‘Oﬂlﬂi ZH iRt Zshart @ AR 71 Aol FEkE niRke
Blo15lgitt. Sharmin et al.(2023)2 9354 1059 £5of tigh ¥= A7}, LAV} =1, ¥ 32 7 450]
T I WA 7 9 AR 71 Al fEfdks AATelInE Feng et al.(2023) 47 4Fl diste] 72t
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PAE HQI Zlo] 43k ol F74e] A dnt ¥IE n7|e 2203 AAEo] shE 4 s AXfeh, & A
o FARE AkE Halch

A Al A 450] EARME 2 ARl 1t 27 } 71 @ol & 9F%E Ak 2 Al
A SVEE Be 35 A7l 7P & Fs Bylow, ok 24 Al BlEAR:S 2deke A A
T2t 71 AE Y3t 8 9R19e SJulsttiEke=t 5, 2017, Zheng et al, 2018). ESH BR4EAY WAL
E5] 12 A7]ollA] gFelo] IA Frtekd, 4 A9 713 A P e R ofet Aad d 54
ot oAl AAES HolErhRahman et al., 2018). Aokl w3 Aol AE datelA] 713} 59] PAE
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UM, ZEF, M, 2, U, ¢S

off 5 gl 33 72 50 71 Fel A om Ash] miEos shdt:.
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