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Cooling Energy Consumption in August by Year (2017~2021)
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[&# 2] 2|F dlo|&] M B=9| 7|28

(n_= 1949)
Variable Mean Std. Min Med Max
CE inaeased in HW (Dependent Variable) 68.85 22.76 16.12 64.28 149.72
(log scaled) 4.18 0.31 2.78 4.16 5.01
Canplex Density (Indkpencrt Vatiable) 2.37 0.59 0.71 2.32 5.55
Avergge Floor (Modketator ' Variable) 11.67 2.72 2.31 11.80 24.88
Covatiates Green Coverage Ratio 0.28 0.14 0.01 0.25 0.81
Altitude 36.29 28.23 2.03 27.35 182.21
Heating Type"
Individual Heating 0.46 0.50 0 0 1
Central Heating 0.03 0.18 0 0 1
Regional Heating 0.51 0.50 0 1 1
Construction Year
Before 1988 0.10 0.31 0 0 1
1989-2000 0.52 0.50 0 1 1
2001-2010 0.35 0.48 0 0 1
After 2011 0.02 0.14 0 0 1
Corridor Type
Stair Type 0.64 0.48 0 1 1
Corridor Type 0.12 0.32 0 0 1
Mixed Type 0.24 0.43 0 0 1
Avg Household Area (m') 82.78 22.81 31.98 81.49 187.72
Price Per Unit (10k¥/m’) 555.00 299.40 171.37 469.06  2469.54
(log scaled) 6.21 0.43 5.14 6.14 7.81
Elder Population Ratio 0.12 0.04 0.03 0.12 0.31
Youth Population Ratio 0.13 0.04 0.05 0.12 0.29
DAl Cooling Systems are individual Cooling
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Change of FAR by Construction Year
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Relation Between Cooling Energy Increasing and FAR
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(= 3]

CEsHEM 2t

Y : log(CE increasing in HW : %)

Linear Interaction with Quadratic Term
Floor Area Ratio
Linear Term 0.0751" 0.2137™ 0.2108™
(0.0136) (0.0420) (0.0703)
Quadratic Term 0.0011
(0.0211)
Average Floor 0.0322™ 0.0327"
(0.0076) (0.0129)
FAR x avg Floor -0.0125™" -0.0128"
________________________________________________________ 0.0031) . .€0.0053) ______
Green Coverage Ratio -0.1781" —0.1647" -0.1651*
(Range = 400m) (0.0608) (0.0606) (0.0610)
Altitude -0.0009™ —0.0008™ —0.0008™
(0.0003) (0.0003) (0.0003)
Heating Type"
Central Heating 0.0093 —0.0012 —0.0012
(1 = yes) (0.0394) (0.0393) (0.0393)
Regional Heating 0.0582" 0.0459™ 0.0459™
(1 = yes) (0.0161) (0.0164) (0.0164)
Construction Year?
Before 1988 —0.0054 0.0004 0.0003
(0.0285) (0.0285) (0.0285)
1989 - 2000 0.0653™" 0.0647™ 0.0647"
(0.0172) (0.0171) (0.0171)
After 2011 —0.2528" —0.2410™ -0.2411"
(0.0493) (0.0492) (0.0493)
Corridor Type”
Corridor Type —0.0697" —-0.0873" —0.0874"
(0.0265) (0.0270) (0.0271)
Mixed Type -0.0308" —0.0334" —0.0335"
(0.0184) (0.0183) (0.0184)
Avg Household Area 0.0020™" 0.0018™ 0.0018™
(0.0004) (0.0004) (0.0004)
Log Price per Unit 0.0130 0.0188 0.0188
(0.0176) (0.0176) (0.0176)
Population Age
Elder Population Ratio 0.9051" 0.8464™ 0.8460™"
(0.2226) (0.2221) (0.2223)
Youth Population Ratio 0.0878 0.0494 0.0502
(0.2732) (0.2755) (0.2760)
cons 3.6065™" 3.2784™ 3.2793™"
(0.1147) (0.1398) (0.1408)
N 1949 1949 1949
R? 0.1126 0.1210 0.1210
F-value 17.53 16.62 15.63
"p<0. p<0.05 “p<0.01 ~p<0.001

D . Reference group is individual heating
» . Reference group is constructed between 2001 and 2010
¥ . Reference group is stair type
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Comparison between High floor and Low floor complexes
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Abstract

Urban Densification Type Affects Cooling Energy

Vulnerability in Heatwaves:

An Empirical Study in Seoul Metropolitan Area

Junhyeck Choi
Seoul National University

Graduate School of Environmental Studies

Climate change increases extreme weather events and threatens the
stability of cities. Among them, heatwave causes heat stroke and can lead to
residents’ death. Cooling energy demand also dramatically increases.
Therefore improving the thermal environment during heatwaves is necessary
to decrease energy demand. It can maintain normal city functions during the
abnormal high-temperature situation.

In this study, I explored which urban form factor affects vulnerability in
heatwave periods, especially the density perspective. It has been discussed
that dense cities have economic feasibility and sustainability advantages.
Additional discussion on cooling energy is needed because dense cities
experience more substantial heat island effects, which increase cooling
energy consumption.

[ defined urban density in the literature review and identified the

- 57 -



relationship between building cooling energy. Then, cooling energy factors
are widely investigated, including the urban and surrounding environment.
These processes identified urban density as floor area ratio(FAR). It can be
decomposed into  vertical  density(average  floor) and  horizontal
density(building-to-coverage ratio, BCR). The relation between urban density
and cooling energy is determined by the interaction of several effects, such
as urban heat island effect, shading effect, and heat inflow according to the
surface-volume ratio. There is much evidence that the heat island effect
increases the cooling energy demand. Additional research about which
densification type: high-rise densification versus low-rise densification, can
mitigate urban heat has yet to be conducted.

[ tried to empirically confirm whether dense city areas have a higher
cooling increasing rate during heat waves. 1,949 apartment complexes in the
Seoul metropolitan area were selected. Based on collected data, cooling
energy increasing rate(during heatwave year compared to standard years),
FAR, and an average number of floors were calculated. Other control
variables were defined and quantitatively calculated based on the literature
review. The correlation between FAR and the cooing energy increasing rate
was verified through a multiple linear regression model. The difference
according to the average floors was verified with an interaction term. As a
result, positive correlations and interactions were confirmed. Low-rise
apartment complexes become more vulnerable when densified than high-rise
apartment complexes.

I compared changes in green space ratio, complex layout, and building gaps
according to densification. It identifies the cause of the high increase in

cooling energy in high-density apartment complexes. First, when complexes
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were densified, the green area ratio decreased. In high-density complexes,
the HW ratio was low, and many surrounded ‘O’ or ‘C’ shape layout
were observed. In the late 1990s, regulations about FAR and building gaps
was weak, and many plate-shaped apartments with surrounded layout were
built. This form is favorable for densification. In this layout, Sky-view Factor
is extremely low; therefore, heat-trapping and long-wave radiation
interference occur. Thus, high-density complexes are vulnerable during
heatwaves due to the stronger urban heat island effect occurring by
enclosed form and few green spaces.

A comparison between high-rise and low-rise complexes says that high-rise
complexes have more green space. BCR increases slowly in high-rise groups
by densification. During the heatwave, the rooftop surface is extremely hot,
which deteriorates the top-floor households’ cooling efficiency. In high-rise
complexes, fewer households are exposed to rooftop heat. High-rise
complexes have an advantage in ventilation due to wider building gaps and
cooler upper atmospheres.

[ proposed dense city policies to respond to heatwaves based on my
results. In the case of traditional row-rise courtyard districts, rooftop
greening, cool roofs, and resilience hubs can be considered. In high-rise
tower districts., they can be robust against the heat island effect. Since they
have little shade, it is appropriate to supplement this. Appropriate guidelines
such as wind tunnels and avoiding enclosed complex layouts can be proposed
in areas with frequent heatwaves. In public health, providing thermal
insulation for dense, low-rise, old houses is preferential. With these
implications, I intended to contribute to urban planning and public health.

In future studies, building orientation and diversity can be considered. Also,
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more verification through simulation is encouraged. This research is also
limited to hot-humid climates, so confirmation in other environments
(hot-arid) is promoted. Nonetheless, this study is meaningful because the
sustainability of urban densification is reconsidered in extremely hot weather.
Also, this research presents ways to mitigate vulnerability and enhance
resilience against heatwaves. Ultimately this research contributes to

responding to climate change in cities.
Keywords : Climate Change, Heatwave, Dense City, Urban Densification,

Cooling Energy, Urban Heat Island, Apartment Complex

Student Number . 2020-20778
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