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ABSTRACT

The human thermal environment in an apartment complex located in Seoul was quantitatively analyzed to devise methods
to modify human heat-related stresses in landscape and urban planning. Microclimatic data (air temperature, relative humidity,
wind speed, and short- and long-wave radiation) were collected at 6 locations [Apt-center, roof (cement), roof (grass),
ground, playground, and a tree-lined road] in the late spring and summer, and the data were used to estimate the human
thermal sensation, physiological equivalent temperature (PET) and universal thermal climate index (UTCI). As a result,
the playground location had the highest thermal environment, and the roof (grass) location had the lowest. The mean difference
between the two locations was 0.8-1.1C in air temperature, 1.8-4.0% in relative humidity, and 7.5-8.0C in mean radiant
temperature. In open space locations, the wind speed was 0.4-0.5 ms-1 higher than others. Also, a wind tunnel effect happened
at the Apt-center location during the afternoon. For the human thermal sensation, PET and UTCI, the mean differences
between the playground and roof (grass) locations were: 5.2°C (Max. 11.7°C) in late spring and 5.4C (Max. 18.1C) in
summer in PET; and 3.0C (Max. 6.1C) in late spring and 2.6 C (Max. 9.8°C) in summer in UTCIL. The mean differences
indicated a level change in PET and 1/2 level in UTCI, and the maximum differences showed greater changes, 2-3 levels
in PET, and 1-1.5 levels in UTCL Moreover, the roof (grass) location gave 4.6°C PET reduction and a 2.5°C UTCI reduction
in late spring, and a 4.4C PET reduction and a 2.0°C UTCI reduction in the summer when compared with the roof (cement)
location, which results in a 2/3 level change in PET and a 1/3 level in UTCL Green infrastructure locations [roof (grass),
ground, and a tree-lined road] were not statistically significant in the reduction of PET and UTCI in thermal environment
modifying effects. The implementation of green infrastructure, such as rooftop gardens, grass pavement, and street tree
planting, should be adopted in landscape planning and be employed for human thermal environment modification.
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Figure 1. A study site: 6 locations for microclimatic data measurement in the Magok. SVF means sky view factor and was calculated with

BMSky-view (Gal et af, 2007)
Source: Air photograph from https://map.naver.com
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Table 1. Instruments for micro-climatic data measurement
Instruments
Image Data Name Accuracy Resolution Manufacture
Radiation CNRA Net < 1% (-40-80C) 01 Wi | Kipp & Zonen
Radiometer Inc.
-
. ) - Air temp.: #03°C (-80-60°C) o
Al te“;f' a?idt felative HMPI55A - Relative humidity: 2% (0-90%) 881;
Ay 3% (90-100%) .
' . K , , Campbell
: - Wind speed: 0.1 ms” (< 101 ms™) B
Wind speed and direction | ‘;Ze dOB?B L £1.1% (> 101 ms?) 0001 me? | Scientific Inc
Hase - Wind direction: +4°
Data storage (Datalogger) CR1000 +0,06% (0-40C)
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Table 2. The levels of physiological equivalent temperature (PET) and universal thermal climate index (UTCI)
Thermal perception PET () UTCI (C) Grade of physiological stress
> =40 Extreme cold stress
Very cold 4y
-40 ~ -27 Very strong cold stress
Cold 4 ~8 =27 ~ -13 Strong cold stress
Cool 8§ ~ 13 -13~0 Moderate heat stress
Slightly cool 13 ~ 18 0~9 Slight cold stress
Neutral 18 ~ 23 9~ 2 No thermal stress
Slightly warm 23 ~ 29 Slight heat stress
Warm 29 ~3H 26 ~ 32 Moderate heat stress
Hot 35 ~ 41 32~ 3B Strong heat stress
38 ~ 46 Very strong heat stress
Very hot > 41
) 46 Extreme heat stress
30 70
2 S
g8 3 N % :; —
¢ ;; 7 —  ——Roof(cement) 2o —— Roof(cement)
2 £
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Figure 2. Microclimatic factors and human thermal sensation results in spring
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Table 3. Mean and standard deviation of microclimatic factors and human thermal sensation results at the 6 locations in spring and

summer
Spring (May 26) Summer (July 18)
A A
Roof | Roof | Growmd | @ |treelined| “°0 | Roof | Roof | Ground | | treeclined | ‘Lo
(cement) | (grass) | (grass) ground road center (cement) | (grass) | (grass) ground road center
&1 & (urethane) . (brick) & & (urethane) . (brick)
(brick) (brick)

Air temperature

0) 26813 | 263+1.3" | 26.9+14% | 274£14* | 26941.3" | 26.7+1.3" | 31.3£08" | 31.3t1.7 | 31.0£09" | 31.8+1.1% | 3L.1£1.0° | 31.2¢1.1°

Relative humidity
(%)

Wind speed (ms™) | 1.3+05" | 14+06° | 15:05" | 13+04° | 09+04° | 14+06° | 1.3#05* | 1706 | 1505 | 1105 | L1#04* | 1.2+05°

386247 | 41347 | 304245 | 37.8+4.6" | 402447 | 30.1+4.6" | 54.8+41% | 55.7+4.2" | 56.3+4.6" | 546449 | 56444.6° | 55.1+4.9"

Mean radiant

o 59.3+4.4° | 51+34% [552+4.3%| 59.747.9° | 4791 | 56.8+84° | 64545 | 57.1+38* |59.9+4.2° | 646462 |582+79° | 63.1+49°
temperature (C)

PET () 300433 | 344427 | 364225 | 39.6+4.0° | 34.2442% | 374450 | 45542.6% | 41.142.6° | 426427 | 465+38° | 42.624.1° | 44,8435

UTCI (C) 344+1.7% | 3194147 |333+15™ | 34924 | 31.6£24% | 335428 | 402413 | 382419° |388+1.3"| 408+1.9" | 38742.3" | 39.941.7™

“a, b, cand d mean One-way ANOVA Duncan test results (p=0.05, 7=16 in spring and #=19 in summer)

& H# 09 ms'E B 7RSS ™S AYE o2 A™E One-way ANOVASH Duncan #4] A3 7|23 Ad&E=
2 13~15 ms'2 U}, 712526 AAE FEe) FEAR © = o531 BE ARdA Fo4do] gl AoE Yk
gadol e AL BT Tk o} BEFARA| o] L5 AIZH THTable 3 #%). %é‘—oﬂ = SR 724 AT gE
O 45 FEo] 347] BoAE AL ofFE A& o5 A-T} Fodo] om, dFdde T WA U of"d
A EE WY gafol e AR HAlth ojFolHAA - 7t AR - SAAME)AA - ojIEF

o EAREAME S(F3h A -0l 7P W 34 51T AH Zhol frelAde] fle ACE Jeihth AL

Al
£ Uehglon), ojeolsoleAds SHAME)AH] /b ME 2 19z AP SR(HAR - H2FD A
3 ° A LEAAET ol ARER TREAT,

ol A 137C =7 vebdth 25848 ] g 2. 2zt Fatgx|s
E W 562TE Bolon, oEFUAMLS de oot
E 7} o 7179 oJsko 7 walet 2 9%)9] oJFoE 3 S, 7 S8R9 PETAME ti-29] AREo] 'H
# 568TE BYth 9%0] 7 Wil UL 724y Ahe wlhot) DAY AeAFE HEplom, ofHlolsolEA]
AL 2o o] wAE Sxlo] 9)x]3 Aot A, SEARE)AA, oEFHAHE 12:00~15:00 ARole]

A2HI T 7|20 BH3 o] oldo|solEAPo] 74 He(very hot)” BAIE E3tH(Figure 2 %), HdH L
=A(FF 318°C) Uehton, e AFSS H7 31.0~31. EE SA(EsHAHAAN 7P F e UATE e, &
3CE 207} 05~08TE e}, R2HT= ge o)z v FARME) A vsiME B 46T A 235 BioH,
Atk(Figure 3, Table 3 2%). AUFEE A%o] Q= Al A 7HE 374 Hehd ojdelzelBx el uisiH= Hat 52C A
ASA T2 S vl Ao 18%°) vujs goj2 B A EIE BAH A oETARHS 47 3
Atk FEE OFT A4S JAHOH, 53] QEAvolagl IS GFOE WA 64T, JTATE Hepdn, ofdelz
SHEDARCIE 17 ms) T 5N A(HT 15 me?) Ol S A Auf AelE HaAnAEect 5
A 7P 2 HzE B 5 gtk o A¥sL i d5pA 12:368 1L.7C AelE BT

= B

At} FFEAL L A= UTCIelX= PET®] 23} Akl tii-22] AdEol
60). o (A7 64 733t GAEH X (strong heat stress)’ BAIE HAT SA4F=3)
) OME AAR (1t 631C)0] e Al ARERY F o AR adt= Ha 25T Ao® yegton, 7H =%
F 60~75C 7 tehsdth 5el, S(EshARe S4(n 1 ol-elEelEAHe] MsiME 30T A% a3 Bt 74
dE) Ao vlg] 74C Y& AZEHE Hol QT ok F AR A Apols HEEAREES} PETA A3 2}
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Figure 3. Microclimatic factors and human thermal sensation results in summer
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