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ABSTRACT

This study aimed to estimate and evaluate the thermal mitigation of the urban tree canopy on the summer outdoor

environment by quantitative use of mean radiant temperature. This study applied the SOLWEIG model based 7}, comparison
method by using both (1) urban tree canopy presence examples and (2) urban tree canopy absence examples as constructed
from airborne LiDAR system based three-dimensional point cloud data. As a result, it was found that an urban tree canopy
can provide a decrease in the entire domain averaged daily mean 77, about 5°C and that the difference can increase
up to 33°C depending both on sun position and site conditions. These results will enhance urban microclimate studies
such as indices (e.g., wind speed, humidity, air temperature) and biometeorology (e.g., perceived temperature) and will

be used to support forest based public green policy development.

Key Words: Urban Tiee Canopy, Thermal Comfort, Sky View Factor, Three-dimensional Point Cloud, Fish-eye
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Figure 1. Indoor and outdoor 77
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DBM & Vegetation
(ASCII Raster)

Image Processing
(Black & White)
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With Tree Case With/Without
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Comparisons and Discussions

1
1
i
Tree Case (SVF) :
1
1
1

Figure 2. Study work flow

Table 1. Description of the used dataset

Used data Used attributes Data source
Airborne LIDAR Three dimensional coordinates(x, v, z) Ministry of Government A%;i;l stration and Home Affairs,
Fisheye photograph Sky area and non-sky area -
Digital building model Ground and building elevation(Raster, ASCII) Airborne LiDAR
Vegetation(tree) model Tree height, trunk height(Raster, ASCII) Airborne LiDAR
Meteorological data Air temperature, relative humidity, global solar radiation Korea Meteorological Administration
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a: Daily variation of air temperature, relative humidity, and global solar b: Typical daily relation between air temperature and relative humidity
radiation of Seoul in August 5, 2012

Figure 3. Meteorological data
Source: FAO corporate document repository

Table 2. Selected input parameters for SOLWEIG simulations

Category Used input during simulations

Geographic location
Longitude / Latitude / Altitude(above see level)

Urban parameters
Albedo / Emissivity(walls) / Emissivity (ground)

Personal data(PET)
Height / Weight / Sex / Age / Activity / Clothing

Personal data( 7;,,)
Absorption(shortwave) / Absorption(longwave) / Posture

Meteorological data( Z;.)
Air temp, RH, Global soar radiation / Wind speed

* Applied meteorological data (Figure 3a) in SOLWEIG

127.0 degree / 375 degree / 10m

0157090 7 09

180em / 75 kg / male /35 yr /80 W /09 clo

0.70 / 0.90 / Standing

Use data file (ASCII table)”

98 sr=xzsks|X| M| 43 15(20164 2%)
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BE Ao AF t)7]/714 BEge] FGHIL = Ao Table 3. Study area surface geometry statistics
THAn ef al. 2014: Woo et al, 2011). 29 A&& $ato] A Min | Max | Mean 1St dov.
23 Im a4 9] DEM(digital elevation model), 2% (buiding fopul raster type m | @ | m | m
height), %7 (canopy hight) #NAEH AEZHE 2HFH= Digital elevation model(Bare earth) | 792 | 3396 | 1989 | 516
o) U AZ WAL 56154mA(AH WA 2%), AL HA Building height 1387 | 8407 | 3766 | 1205
2 914750m’. SN WAL 8740mA(AA] WAL 35%). & Digital building model 792 | 8407 | 2371 | 1045
}\]% i-]] ;ﬁ' % 738,875m3°]ﬂr. 1= /\]‘—a 94 Z_”x__]] % X]ﬁ oﬂ }\1 1= /\]%] Tree canopy height(Over 2m) 2.00 28.98 8.45 422
Trunk height 060 | 869 | 254 | 127

G 3= 0| (canopy height) 712] 8] A2 0.2 HE] A H|| A Z7]

High : 33.96 High : 84,07

Low : 7.92 Low @ 7.92

a: Digital ortho photo b: Digital elevation model
B
& - ¥
T
'
= . )
- _‘
Sl
. ? % e
a 3 Y / ol - LT High: 2698
. L P “ , ; 1 low:2
. Pro & W Figh 2296 || =] T lHiqhiS"—-D-’
e . Low @ Low: 2 Low : 7.92
d: Building height e: Tree canopy height f: Building and tree canopy height overlay

Figure 4. Study site(500mx500m) and developed input surface geometry raster(1m resolution) dataset derived from the airborne LiDAR
classifications(digital elevation model, digital building model, building height, tree canopy height)
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a: Daytime mean 7., without tree case

bt Daytime mean 7 ., with tree case
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ct Daytime mean 7' . difference

Figure 5. Difference of daytime mean 7
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Table 4. Study area daytime mean 7, .. between without tree
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case (a) and with tree case (b)

Daytime mean 7+ Type Min. Max. Mean | Std dev.
(2012.08.05. Standing) () () () ()
T, without Tree 33.53 5143 4571 415
Dot With__Tree 33.44 5143 4045 .60
Dot difference -0.35 1731 5.26 5.17

100 si3x2eiE| Al 42 150164 22)

between without tree case (a) and with tree case (b)

N\

mrt Ql
2ATH Lindberg and Grimmond, 2011).

A AAe] sk AZHE 7 e AEelA R ZAIHO
sl 459 EA-C] e A9 Zolrt FEiskAl Yekstt
(Figure 6 3x). BlEAL gl o] A5 24l €Jgt 7]
EEAGIEAD Adte] Gy 713 FEFOR A
TA-Fe] 9E A AT T, Ho] EAI"E] gle A
o] A7 7, HFET 3~4T =4 Yehth 4% o %
Az Aol gt AN TIE AL Ade] EHY 7)2hs
FEFOE QA ZAI-HC] e A AIZRE T, ol
TAI"o] gle A9 A 7, HEETE FAAp ol A
Hd & 10T AL7A] ARG = Qg A7 a3/ ks
o Ao A WAe 53 IR E <ld) 24 A9 HUl 2ol &
E = 3tk

A 20T o] At 7, Aol7t Bl #
[o]

o

ot rir

—e— Timevs Trt without Lrban tree canopy(A)
©-- Timevs Tt with urban tree canopy(B)
—x— Timevs Diference(4-8)

6650 1331 UNg
9E:6T 183 UNg

Mean Radiant Temperature

Figure 6. Daily variation of 7, . (without tree canopy case, and
with three canopy case) and estimated 77, , decrease

mrt
due to the urban tree canopy
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Figure 8. Daily variation of 77, , of four selected points(S1, S2, S3, S4) and their estimated 7;,, decrease due to the urban tree canopy
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o
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SLAH A% 7, A% Ea} FEeAA dehgont
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Az B3 AR FAHOE YolAE AFE
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EAY s WE EE FFEE e ARy 22

S Bl FEAR] |
7k EAR A7l Gk mxITh
- Z9el HAsE 8910 % An
AR A AT Uk e 3558 AWS +
= et 339 AFARE o83} S

sl ALE 30 F 7|8 vk gl Figure 9+ 3DPC
SVF calculator 258 2F&5= SVF9} SOLWEIG Rd=z%
Bl AF=H SVF vl Adfo|t}, 215 2 TAIY 7wy JRE
A g2 7R e 33 H+(3DPC) A= (DBM(a)
) Az JEE 73 e SOLWEIG A2HDBM (a)
SIE B oY AR Apo|7t Akl WX Apel7t FX 8}
54t} o714 3DPC SVF calculators 32k - AFeqoll A
SVF AR wlx 2 o8 AAsHFigure 9 bottom #3) 3171
uj &0l AAE AAFsl= SOLWEIG Rd 2t EEth An ef al,
2014). SOLWEIG RE2%E A&H SVF¢ 3DPC SVF
calculator ZHE A% SVFE w13k 23} Figure 9914 X2

T A" Ay i 8 FFE7F S AadA =AE A

o o o

2
k1
>
oY
o

N

Table 5. Daily variation of 7;,,, of four selected points and estimated 7;,,, decrease
! SL T S2 Tt S3 Do S4 Tt
Time

B TC Diff. B TC Diff, B TC Diff. B TC Diff,
2012-08-05-00 234 262 -28 229 310 -82 22 254 -32 2338 274 -36
2012-08-05-01 230 2.8 -28 224 305 -81 218 249 -31 233 269 -36
2012-08-05-02 224 252 -28 219 299 -80 213 243 -30 228 263 -36
2012-08-05-03 2.1 249 -28 216 296 -80 209 240 =31 25 26.0 -36
2012-08-05-04 202 242 -40 208 291 -83 202 233 -32 217 254 -37
2012-08-05-05 212 4.3 -31 210 291 -82 204 235 -31 218 255 -37
2012-08-05-06 214 4.1 -27 209 287 =77 205 232 -2.3 216 252 -36
2012-08-05-07 263 212 -04 271 292 -22 217 265 11 29 270 -11
2012-08-05-08 384 4.7 3.6 39.3 315 78 416 35.0 6.6 364 338 2.6
2012-08-05-09 497 381 115 50.6 329 177 53.0 384 146 476 438 38
2012-08-05-10 578 402 176 584 34.1 243 60.2 401 202 55.8 403 156
2012-08-05-11 62.2 406 216 62.6 356 270 634 402 232 60.9 401 208
2012-08-05-12 61.6 406 209 62.0 360 260 62.4 403 2.1 609 405 204
2012-08-05-13 534 4538 75 546 359 187 577 467 109 509 399 110
2012-08-05-14 484 432 52 59.8 36.8 230 61.6 434 182 572 402 169
2012-08-05-15 408 39.7 11 64.7 379 268 64.6 385 26.0 42.8 388 4.0
2012-08-05-16 483 42.0 6.3 708 378 33.0 2.7 433 294 65.4 413 241
2012-08-05-17 437 38.6 5.1 49.0 36.7 124 654 39.7 258 60.7 38.2 22.5
2012-08-05-18 374 347 2.7 410 357 53 59.1 352 239 39.0 348 42
2012-08-05-19 297 306 -09 309 344 -35 316 30.1 15 305 314 -10
2012-08-05-20 245 217 =31 239 330 =90 232 267 -35 25.0 29.0 -4.0
2012-08-05-21 238 270 =32 232 323 -91 224 26.0 -36 242 282 -40
2012-08-05-22 235 26.7 =31 229 32.0 =90 222 2.7 -36 24.0 280 -40
2012-08-05-23 229 259 =30 22.3 312 -89 216 250 -34 233 212 -39
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Figure 9. Sky view factor difference between with tree calculation and without tree calculation. Top shows SVFs from SOLWEIG(Lindberg et
&/, 2008) and bottom shows SVFs from 3DPC SVF calculator(An et &/, 2014).

ol s F7HA o2 WAsk= SVE HxK(difference) 7F 7
ZHAA Yestt

Table 69141 E50] SOLWEIG Zdlo]A AAte A& 9
3l EAs= SVF(0.82) 7t 3DPC SVF calculatorel ©J3f A4k

¥ SVF(0.61) ¢l Blal <F 1.38) =4 YebAv SOLWEIG &
do A A8 TAY e oa) AAkE SVF A7 HiF
(0.36)2 3DPC SVF calculatorell &J3l AlAFE SVF A7 Het
(017)Br} 26 o) =A vehtal Sioh

Table 6. Statistics of sky view factor calculation

Min, | Max. | Mean [Std dev.
(m) | (m) | (m) | (m)

DBM(a) 0.00 1.00 0.82 0.18
SOLWEIG | DBM with tree canopy(b) | 0.01 1.00 0.67 0.35
Difference((a) = (b)) 000 | 099 | 036 | 032

DBM(a’) 0.00 100 | 061 0.19
3DPC  |DBM with tree canopy(b’)| 0.00 1.00 0.45 0.22
Difference((a’) - (b)) 000 | 068 | 017 0.14
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w3 AE7E 98 Zlolr}, TAIY e 288 24 2o 1 A HP%%: WA WE FE FH AE
THE Aoz Austy S f8) AME TR o] olefxof & Zloltt. §H, AFE Ve T FHAM &
AE 2 FASAFE AAA (20083 33 A AFRE o) & u} SOLWEIG 29& %ﬂ &+ GUI(graphic user interface) £
g F7hE FESAL 20129 #5437 AE) AV SOLWEIG 733 tEo] SE ANk FE 2 & (multi-thread) A9
B 7, , e SuFY] 9N 52 & A7 < Bl QAR dEF Aol Vgt AA o R T
ZA F3 fAe] "Qsitt Ea 4] 304 B uie} o] %) AEe] FAL FANEME AL B FEA § HS A9
EE A e B8 E29 Y¥=(Albedo) & A& Tog = 9lo} BT A =249 AlE HE&H F A

Y= GaEA A W)PJ -*r%“ﬂ HE[ 4 02 Jgs m AT =itk 2015t 7HAE A93] <A £A171%-843] (International
E 1A & Conference on Urban Climate, ICUC) 9ll4] Lindberg= SOLWEIG

= 01538k glof Bas ZAIE g3 GIS E9Fo] QGISH 532 & Al g % e

AL A sl= 20lo] FHal 9k Aolgt Fxsle] &F SOLWEIG Ld9 582 g gl

ZE, E 2 Aolgty dAdE

AEF} A5 AL o] 23140 AR ALE(Setdld ef al, 2013: Vos ef al, 2013: McPherson

98 GAEE 54 2

2 THsE BARY sjge] sgsjolel & Aotk An ef  ef al 1994)S EAYY EHES FAHOR BHE AIE 9

Al(014)0] AT WU 349 HZAZE BTG @A) Ouf Akbari(2002) 5 BE ATAES] w2 B £ X
A AR A AY Se) 8 SaEe Bels el BB A BeAH nud T4 1S5S BEH0R 1Y 94
AR BeH AL welo] w4+ Q= /e AgaT 9T Utk £ TAH /5SS AP 9] 99
Aol tHFigure 7 #%). A2 8487 o 349 AREe) 3 AATFRAN FFRS 02717 44715 7] Ragol
2 oln|R & B} AAE A2 A ARE wdsty o] % T3] RS 3L A3 (Bruce and Fleer, 1998: Robitu ef al, 2006:
=3 22 ks A% wdd] 449 & 9 Aol Lindberg and Grimmond, 2011) FUlel 5 187 Ak

Aolr 248 7 S 3 SOLWEIG 29 7, vlw  #ad &9 o 94 7155 A ZSHNIFoS, 2010)7+
5 A2 Lindberg ef al(2008) 5 o A7EeIq w59l THL Aok Aad 94 D92 o1 ol AT 9
O M) S8 AEOR B ATOIAE o 85 Rafo] B AR BALWEF Ao I3 Y BT WS, o2 A%
A7e) BAT Er 9B TP 5O olfad pe  FAZE BE dstehe A2H] Jol(Yi ef al, 2016) FF
DN AT (and surface) 309) Aol 2 WASE 17, Aol &S AR WAF 24 A% Al 24 AuE Aol

So xga Agelt 1 A 2 Ao wASHe) vek Zysile] 2 elAw
DAz fEs Qo] 38 FoelN A A (i) EEe] mAE o
ol 2 el 1FRA EAE W] A% PUSe Ade] 27HA

(Figure 5, 6 &%) S AAs= A+
NAIG(SVF) GA] 2 3ellA K= njol 7ro
=93

Kol HEA R geks viAle T2 <
A v
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