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Abstract

Quantile Regression Approach to
Analyzing the Influence of Urban Form
and Regional Characteristics
on Per Capita Energy Consumption

Sumin Shin

Environmental Management

Department of Environmental "Planning

The Graduate School of Environmental Studies
Seoul National University

Cities with an area of 3% worldwide consume 67% of the world's energy. The urbanization
pace gradually accelerated, and at the end of 2019, for the first time ever, more than half of the
country’s total population lived in the metropolitan area in Korea. As the urban population
increases, negative environmental impacts such as soaring energy consumption, greenhouse gas
emissions, and air pollution affect cities. Therefore, the need for appropriate urban energy
demand management to maintain a sustainable city is gradually emerging.

Compact urban development is to concentrate social and economic activities in specific
areas such as the station area and the existing downtown for sustainable city and energy

utilization, and to develop complex and high-density residential, commercial, and business
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functions. These compact cities can function as mediator or moderator variables in mitigating
the negative impact on climate change by shortening vehicle miles traveled(VMT), and
reducing urban heat island effects.

Cities are spaces where the population lives, and have various regional characteristics such
as the number of household members, proportion of population age, and economic activities,
and have a unique urban form. This urban form is affected by temperature and is also a factor
influencing per capita energy consumption. In other words, in order to respond to the mid-to-
long-term goals of the Post Kyoto Protocol at the urban level, identifying urban form and
fundamentally rebuilding the city for establishing countermeasures on climate change is
necessary.

To understand the effect of factors influencing the urban energy consumption, exploration
of physical, demographic, sociological, economic, and temperature factors should be preceded.
In addition, analyzing the differences in urban form and characteristics is essential, since urban
development in the metropolitan area and other regions is different and the stages of
urbanization are progressing at different stages. The factors influencing energy consumption
analyzed by reflecting differences between cities can be suggested as policy countermeasures
for regional energy plans.

Per capita energy consumption was used as a dependent variable. To control the impact of
different industrial characteristics by city, energy in transport, household, commercial, and
public sectors except for the industrial sector were summed up and divided by the number of

registered resident population. In addition, this paper accepts urban form variables such as
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population density, mixed land use, housing supply type, public transportation/walk access to
educational facilities, job-housing balance and green area per capita to examine the effects on
per capita energy consumption. Regional characteristics of single-person households, aging
rates, per capita local tax payments, cooling and heating degree days were used as control
variables. Empirical analysis was conducted after classifying into national, metropolitan, and
other regional models using 2019 municipal data. Per capita energy consumption was
subdivided into 10, 30, 50, 70, and 90 quartiles to confirm the effect of each variable.

In the case of the national model, in most quantities, per capita energy consumption
decreases as the population density increases, and as the public transportationwalk access to
educational facilities increased. This means that the accumulated population density and the
establishment of high accessibility to local services will help reduce per capita energy
consumption. Unlike previous studies, the mixed land use has increased per capita energy
consumption. It can be seen as inefficient energy consumption has been incurred so far due to
indiscriminate mixed land use rather than rational convergence. In the case of regional
characteristics, in most quartiles, per capita energy consumption increases as the number of
heating degree days increase. In the future, improving energy efficiency of old buildings and
strengthening energy standards for new buildings are needed.

To compare the analysis results of the metropolitan area model and other regional models,
the metropolitan area’s per capita energy consumption and urban form factors related to compact
city were mainly significant. On the other hand, in other regions, urban form factors excluding

the population density did not show significant significance, and regional characteristic factors
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such as per capita local tax payment, cooling and heating degree days were significant. Through
these results, it reveal that the urban form factor differed in the effect of per capita energy
consumption according to the degree of urbanization, and the metropolitan area and other
regions derived the justification for different approach directions when establishing regional
energy plans. The metropolitan areas have already crossed the threshold of optimal population
density required to reduce per capita energy consumption, and the impact is minimal.
Inspections should be made to ensure that citizens have easy access to local services using public
transport facilities. In other regions, before establishing a regional energy plan to reduce energy
consumption due to the urban form, it is matter to reduce energy consumption by improving the
population density, prioritizing the formation of sufficient neighborhood living areas. Since it is
more affected by temperature factors among regional characteristics, heating energy can be
reduced by considering the introduction of district heating, which is currently mainly installed
in the Seoul metropolitan area. Providing incentives to high-energy efficiency home appliances
could be another policy.

Therefore, when establishing a regional energy plan as climate change countermeasures in
the future, to derive an appropriate regional energy plan suitable for each urban form by
considering the different factors is essential. This study will be able to contribute to the regional
energy plan to respond to climate change at the urban level by illuminating the urban form and

regional characteristics according to each quintile of per capita energy consumption.
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