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ABSTRACT

As urban heat islands and extreme heat events intensify due to climate change, reducing heat stress in cities has become
a critical issue. This study aims to quantitatively compare the thermal mitigation effects of an artificial shade structure and
a single tree in pedestrian environments. Wet-bulb globe temperature (WBGT) and air temperature were measured under direct
sunlight, a fixed shade structure, and a Zelkova serrata tree on the Seoul National University campus. Results showed that
both shading strategies significantly lowered WBGT and air temperature compared to direct sunlight. The tree provided greater
cooling, lowering WBGT by 0.6°C and air temperature by 1.0°C more than the structure. This difference was attributed to
the tree’s evapotranspiration and multi-layered foliage, which blocks solar radiation. In contrast, the effectiveness of the shade
structure, which lacks evaporative cooling, was limited by longwave radiation emitted from its heated surface. While artificial
shading was effective and space-efficient, its thermal performance was approximately 88% (WBGT) and 84% (air temperature)
of the tree’s result. Additionally, the tree offered broader environmental value, improving air quality, supporting biodiversity,
and enhancing climate resilience. These findings highlight that trees play a dual role in both heat mitigation and long-term
climate adaptation. Given the functional differences, selection or combination of different strategies should take into
consideration site-specific constraints and planning goals. A hybrid approach that balances short-term measures and long-term

ecological benefits is essential for future urban climate strategies.
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Fig. 2. Field measurement sites
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Table 1. Criteria of WBGT (Wet-Bulb Globe
Temperature) for the prevention of heat
illness in daily life (Japanese Society of
Biometeorology, 2022)

Reference range Intensity of daily

by WBGT activities to be monitored
Danger Exercise should be suspended in
WBGT = 31T principle

Severe warning

. . Intense exercise should be avoided
31C > WBGT = 28C

Warning Frequent rest is strongly
28C > WBGT = 25T recommended

Caution Hydration is strongly
WBGT < 25T recommended

Wet-Bulb Globe Temperature (WBGT)
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Fig. 4. Korea Meteorological Administration (KMA) based Air temperature (TA)
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Table 2. Hourly mean weather conditions (KMA)

Weather variable Mean value

Air temperature (T) 30.4
Wind speed (m/s) 1.9
Wind direction South-West
Relative humidity (%) 48
Sunshine duration (hr) 0.975
Solar radiation (MJ/m?) 2.74
Cloud cover (tenths) 1

ofgfjoll A W 33.5C, 5 ofjoAE 32.5CE YER,
T A BE ZARGA Hlg) d AEHAS} 7|28 F
Shot= ZA o= UEETH(Fig. 5, Fig. 6).
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Fig. 6. Air temperature (TA) under sunlight, shade structure and tree

Table 3. Results of one-way ANOVA

Variable Source Df Sum Sq Mean Sq F value Pr (>F)
Group 2 77,160 38,580 68,846 < 0.001
WBGT
Residuals 16,200 9,078 1
Group 2 128,720 64,360 52,476 < 0.001
TA
Residuals 16,200 19,869 1

Wet-Bulb Globe Temperature (WBGT), air temperature (TA)

Journal of Climate Change Research 2025, Vol. 16, No. 4
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Comparison Mean difference 95% Cl p-value Interpretation
(Lower-Upper)

Sunlight-Shade 4.3°C [4.22, 4.29] < 0.001 Sunlight > Shade

WBGT Tree-Shade -0.6°C [-0.71, -0.64] < 0.001 Tree < Shade
Tree-Sunlight -4.9°C [-4.96, -4.89] < 0.001 Tree < Sunlight
Sunlight-Shade 5.4°C [5.36, 5.46] < 0.001 Sunlight > Shade

TA Tree-Shade -1.0°C [-1.06, -0.96] < 0.001 Tree < Shade
Tree-Sunlight -6.4°C [-6.47, -6.37] < 0.001 Tree < Sunlight

Wet-Bulb Globe Temperature (WBGT), air temperature (TA)
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Fig. 7. Distribution of Wet-Bulb Globe Temperature (WBGT) and air temperature (TA) in sunlight, shade

structure and tree (violin plot analysis)
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Table 5. Mean and standard deviation of WBGT and TA

J59 $20] ofH Uelz I AEAAS

Location WBGT Mean (°C) WBGT SD TA Mean (°C) TA SD

Sunlight 30.4 1.01 389 1.48
Shade 26.1 0.46 335 0.83
Tree 25.5 0.67 325 0.90

Wet-Bulb Globe Temperature (WBGT), air temperature (TA)

| m01xTA m0.2xTG ®m0.7xWB

AWBGT(°C)
w

6 L

Shade
Fig. 8. The difference in Wet-Bulb Globe Temperature (WBGT) under direct sunlight and the other two
locations
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