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Abstract: Global warming becomes a serious issue that poses subsidiary issues like a sea level rise

or a capricious climate over the world. Because of severe heat-wave of the summer in Korea in 2016,
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abig attention has been focused on urban heat island since then. Not just about heat-wave itself, many

researches have been concentrated on how to adapt in this trendy warming climate and weather in a

small scope. A big part of existing studies is mitigating “Urban Heat Island effect” and that is because

of huge impervious surface in urban area where highly populated areas do diverse activities. It is a

serious problem that this thermal context has a high possibility causing mortality by heat vulnerability.

However, there have been many articles of a green infrastructures’ cooling impact in summer. This

research pays attention to measure cooling effect of a street planting considering urban canyon and

type of green infrastructures in neighborhood scale. This quantitative approach was proceeded by

ENVI-met simulation with a spatial scope of a commercial block in Seoul, Korea. We found the dense

double-row planting is more sensitive to change in temperature than that of the single-row. Among

the double-row planting scenarios, shrubs which have narrow space between the plant and the land

surface were found to store heat inside during the daytime and prevent emitting heat so as to have

ahigher temperature at night. The quantifying an amount of vegetated spaces’ cooling effect research

is expected to contribute to a study of the cost and benefit for the planting scenarios’ assessment in

the future.

Keywords : Urban canyon, Heat balance, ENVI-met, Heat wave, Cooling impact
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Figure 1. Study area street views (a, b, ¢) & Key map plan
(d) (photos : Naver.com map street view)
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Figure 2. (a) Seasonal mean temperature, (b) location of
CBD in Seoul (Seo 2014; Seoul Institute 2016)
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Table 1. Input parameters for a scenarios’ at ENVI-met

simulation
File Parameter Value / Type
Running start time August. 4th. 23:00
Total running time 24 hours
Configuration | Wind speed/ direction |  1m/s/ Southeast
(A) Air temperature 32°C/fixed
Relative humidity (2m 75%
from the ground level) ’
Building wall surface Concrete
Asphalt (Road),
Loam (Soil),
Land cover Bright-colored
paving (Pedestrian
path)
Area Asphalt (%) 40
(G.L.1.5m) Concrete (%) 10
®) Building height (m) 63
Road width (m) 42
Pedestrian path width 1015
(m)
Tree height (m) 10
Shrub height (m) 1

Sources: (A) Korea Meteorological Administration, (B) Ministry
of Environment, SGIS 2015 and https://opengov.seoul.

go.kr/
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Figure 3. A:a domain of 3D view and B: a schematic plan
for ENVI-met simulation
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(Sung & Min 2003)E Ha13t %8 FA402 B
85 2tk skelch, ENVI-meto] WA 54
(Manual) B =2 Alberos 53] Z2130]4 2]
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of street planting and management 2015).
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Figure 4. Seven scenarios
a. VS (Single-row tree), b. VM (Straight single-row shrub), c. TT (Twisted double-row tree), d. SDT (Straight double-
row tree), e. TM (Twisted double-row tree and shrub), f. TS (Twisted double-row shrub), g. VSD (Straight double-
row shrub), profiles and sections of AA'~GG’
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5. ENVI-met 75
ENVI-met 23 9] L&A 27}4] A7
(Configuration File, Area Input File)7} € Q35}c}
(Figure 5). Configuration Fileo]= #]<, A7, &
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Input DATA | :

Configuration File(.cf/.sim) ENVI-met Model

« Time and Date : 05.08.2016 —I /

+ Meteorology : relative humid 75%
wind direction -south east

+ Model timing :24h —

« Soil and Plants : prototype settings DATABASE

OUTPUT DATA
Area Input File(.IN/.IN3)
+ Buildings : concrete 63m

Plant database
Soils database : .
« Vegetation : shrub(1m), tree(10m) Materials Ma'",i"mfs”‘.f: £ fles
+ Soils (pavement): asphalt, loam, ) database q,mp.fmr,)

bright paving \ Surface & Fluxes
Soil

4
Figure 5. ENVI-met Simulation flow chart for seven scenarios

(a process from input data using DATABASE to
output data)
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AlEdold e EeAtas TS ol AP E 2=,
&5, %38, ¥4 PET (Physiological Equivalent
Temperature; G324 %) 3: Honjo 2009)5-2] A X
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Figure 6. Hourly temperature shift of 7 scenarios presenting
a different gap between day and night

b. Temperature At 2300

[ I | l n 1

Figure 7. Temperature shift in 6 scenarios (VM, VSD, SDT,
TS, TM, TT), a. Temperature shift in day time
(15h), b. Temperature shift in night time (23h)

Hl2he] 523} &Y (sensible heat; AFEo] 7)==
d: Grimmond 1999)2] tHE W= A3H 2 o]
7] y&o]th(Murakami & Hoyano 2008), ¥
wA% ot WA E o) Sl S
£ wjZo]th(Rahman et al. 2017).
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2 A A= A5 %ﬂr 9] v R| o} 7] o+
A4 I 29 9IS W (Hong & Lin 2015)

& HojEth =A| aﬁLiOﬂ Ae Frofgtol whet vl
2ol 5= ogke o] W=t} (Nakamura & Oke
1988).

tf719] o] whE F7HOp. cit.)oll TS ALt
Q= o] 359 ﬂ%oH Foll¢l asit AR of
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Table 2. Temperature shift & standard deviation on each
scenario at day & night (unit: °C)

max. | Stad
-min. | Dev.

15 | 325325325 325|323 (324325019 | 0.09
23 2642592590259 258|257 (258 0.17 | 0.07

Time| VS | VM |VSD|SDT | TS | TM | TT
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TS day TS night
' an : " o
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Figure 8. Heat flux diagram of TS & TT : At night TS and
TT indicate that the storage heat is released
from the surface of the earth and there is a
difference in the numerical value of the emission
heat under shrubs and trees.

5O TT7F 2% A £=7t o & AiH(Table 2,
Figure 7)& Yehdich,
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= U] 9.0 % 2po]7h ofE LA EA A
© 2 B Pearson A4 (ES HA)S AAIgH 23t
F94d0] 0.00 &= TSe} TTZHY| &%= Afo]= {2
3t Ao 2 UegtH(Table 3).

Table 3. TT & TS significance test

Correlations TS TT
Pearson Correlation 1 997**
TS Sig. (2-tailed) 0.000
N 1289 1289
Pearson Correlation 997** 1
TT Sig. (2-tailed) 0.000
N 1289 1289
V.2 E
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