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|. Introduction

Outdoor human thermal sensation and comfort are important
considerations in urban and landscape planning and design.
Neutral temperature (NT) range is a range of equivalent air
temperature that would produce the same neutral (comfortable)
human thermal sensation and physiological response as does the
composite climate, Thermal sensation votes (TSVs) measure
human response.

This study investigated Koreans’ NT ranges in urban and
beach areas.

Il. Materials and Methods

Microclimatic data measurements and 9-point human thermal
sensation surveys from ISO 10551 were conducted together
(Table 1 and Figure 1). Surveys occurred in two different
years at each area and included a total of 2,172 subjects at

Table 1. Instruments for microclimatic data measurements

Instruments
Data Name Accuracy Manufacture
Radiation | v Net < 1% (—40~80C) Kipp &
Radiometer Zonen Inc
- Air temp.: #0.3T
Air temp. (—80~60C)
and relative | HMP155A - Relative humidity:
humidity 2% (0~90%)
3% (90~100%) Campbel
- Wi : ientific 1
Wind Met one W}nd speed 3 Scientific Inc
d and OB 0.1 ms (< 101ms ™)
sﬁctf; Wit +1.1% (> 101ms™)
- Wind direction: +4°
Datalogger CR1000 +0.06% (0~40C)

the beach (spring and summer: 869 persons in 2015, 938 in 2016
and 365 in 2017) and 1,982 in the city (all seasons: 876 persons
in 2012~2013, 768 in 2016 and 338 in 2017). NT range (—05
< TSV < 05) was taken as physiological equivalent tem-
perature (PET) and universal thermal climate index (UTCI)
values for neutral TSV responses. Four different methods were
used to find NT ranges: comparison between (1) TSV and
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Figure 1. Survey form
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mean PET/UTCI (mean), (2) TSV and PET/UTCI (PET and
UTCI), (3) aggregated (weighted) TSV and PET/UTCI (aPET
and aUTCI) and (4) mean TSV and PET/UTCI (mPET and
mUTCI). One-way ANOVA of SPSS 20 was used to find mean
results, and linear regression analysis of Microsoft office excel
2016 were used to find the other NT ranges for comparison.

lll. Results and Discussions

Neutral TSV responses were compared with 2 measures of
human thermal sensation, PET and UTCI (Table 2).

The neutral temperature (NT) for TSV =0 in beach areas
had higher results when mean PET and UTCI of the years
were higher. The correlations between mean PET and UTCI
of the years and NTs of PET and UTCI of the years in beach
areas were very high: #=09823 and 09982, respectively. In
urban areas, the NT for TSV =0 also increased as mean PET
and UTCI of the years increased. However, the correlations
between them were not high: #=06258 in PET and 0.5093
in UTCL

NT ranges were also higher results when mean PET and
UTCI of the years increased. The NT ranges were around
5~8C PET and 3~5C UTCI in beach and urban areas. The
NT ranges for planning and design were 19~29C PET and

Table 2. Koreans™ neutral temperature ranges of thermal sensation
vote (TSV) in urban and beach areas as physiological
equivalent temperature (PET) and universal thermal climate
index (UTCI)

Urban area

Mean | PET | aPET | mPET | Mean | UTCI | aUTCI |mUTCI

2012~13|21~25| 16~24 | 16~24 | 17~24 | 22~24 | 19~24 | 19~24 | 18~23

7 0.4414 | 0.6364 | 0.7424 04534 | 0672 | 0.7515

2016 [19~23| 17~22 | 17~22 | 17~22 | 22~24 | 19~23 | 19~23 | 18~23

7 0.6909 | 09354 | 0.902 0.6863 | 0.9098 | 0.8004

2017 |26~28| 19~24 | 19~24 | 17~23 | 27~28 | 21~25 | 21~25 | 21~25

7 0.3757 | 0.7919 | 0.6753 0.3956 | 0.7268 | 0.6541
Beach area

Mean | PET | aPET | mPET | Mean | UTCI | aUTCI |mUTCI

2015 |25~27| 24~29 | 24~29 | 23~28 | 27~28 | 27~30 | 27~30 | 26~29

7 0.6493 | 09552 | 0.9283 0.6627 | 0956 | 0.9583

2016 |22~27| 20~25 | 19~24 | 20~25 | 25~28 | 23~27 | 22~26 | 23~27

7 0.6186 | 0.9415 | 0.9267 0.6187 | 0.948 | 0.9309

2017 |24~26| 21~27 | 21~27 | 20~26 | 25~27 | 23~27 | 23~27 | 22~26

e 0.5573 | 0965 | 0.854 0.5564 | 0.9547 | 0.8587
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22~30C UTCI in beach areas: and 16~24C PET and
19~25C UTCI in urban areas,

The beach visitors/tourists seem to have a higher acclimatiza-
tion, which may be from the psychological effects of looking
for and expecting a warm environment, than the more consistent
urban population.

IV. Conclusion

Koreans” neutral temperature ranges for creating thermally
comfortable environments can be applied 16~24C PET or
19~25"C UTCI in urban areas for urban and landscape planning
and 19~29C PET or 22~30C UTCI in beach areas for tourism
planning. The Koreans' NT ranges are similar with one of
western/middle Europe for urban areas and broader than Tel
Aviv and Nigeria (Table 3). The aggregated (weighted) mean
method (aPET and aUTCI in this study) looks an appropriate
way to find neutral temperature ranges of each region or
country.

Table 3. Comparison of neutral temperature PET ranges between
previous studies and Koreans

PET ()
Western/ . . Korea | Korea
Midle | &, | Tt | Neew | Huin | (beach
1| Aviv wan ria gary
Europe’ areas) | areas)

Neutral
temp, | 18~23 | 19~26 | 26~30 | 23~27 | 14~22 | 16~24 | 19~29

range

! Matzarakis and Mayer(1996): ® Cohen ef /(2013): * Lin and Matzarakis
(2008): * Omonijo and Matzarakis(2011): ° Kantor et a/(2016)
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