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ABSTRACT 
 
The relationship between urban and building factors 

and building energy use is important for low-carbon city 
development. However, previous empirical studies often 
encountered the nonlinearity and non-normality issues 
common in complex urban datasets. This study examines 
the nonlinear influence of urban and building factors on 
building energy use under complex distribution 
conditions using the quantile regression model. This 
study focuses on Seoul's residential building electricity 
use in August 2017 and compares the quantile regression 
model and the ordinary least squares (OLS) model. The 
quantile regression results are generally in line with OLS 
results. However, considering the energy use 
distributions, the quantile regression results show that 
nonlinear influences of the urban and building factors on 
building energy use are strong at the right tail of the 
energy use distribution. Specifically, the positive 
relationship between coverage ratio and building energy 
seems to change rapidly above quantile 80%. The 
influence of distance to water body on building energy is 
insignificant in 25% and 50% quantile models, but it turns 
to a significantly negative effect at quantile 75% and 
above. Unlike the OLS results, no significant difference 
between the older adults ratio is found in all quantile 
models. This study suggests that the quantile regression 
reveals the nonlinear relationship between urban and 
building factors and building energy use, providing more 
detailed evidence for policymaking. 
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1. INTRODUCTION 
Urbanization increases energy demand and 

generates more emissions. Worldwide, cities account for 
over 75% of all primary energy usage and over 80% of 
direct and indirect greenhouse gas emissions [1]. 

Energy used in cities can be categorized into 
buildings, traffic, and industrial energy. Building energy 
use has a large share in the total urban energy use, e.g., 
54% in South Korea [2]. To cope with buildings' 
increasing energy use, Seoul enacted the "Law of low-
carbon green growth [3]" and implemented policies such 
as "Standard of building energy-saving design [4]." Urban 
planning and design have been receiving more attention 
in such an effort. 

In urban planning and design, the relationship 
between urban and building factors and building energy 
use has been a rising topic for sustainable city 
development [5, 6, 7]. Empirical studies were conducted 
to reveal the relationship. Among those factors, urban 
and building density factors are increasingly examined 
[8, 9, 10], but there's still a debate on their influences 
[10]. Socio-economic factors such as income, population 
density, and education level were found to influence 
building energy in different ways [11, 12, 13]. Influences 
of environmental factors, such as green areas and water 
body, were also widely considered in the literature [14, 
15, 16]. Many previous empirical studies examined the 
influence of urban and building factors based on ordinary 
least squares (OLS). The OLS regression model is efficient 
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and relatively straightforward for explaining the 
relationships between dependent and independent 
variables [17]. This model estimates minimizes squared 
errors to find the best-fit line [18, 19]. However, the OLS 
model has its strong assumption upon the joint 
distribution, which may be way more complex in real-
world urban building energy data [20]. In practice, 
studies often used the transformation of variables to 
approximate the complex and nonlinear relationship, 
which is still far from enough in complex cases. 

To better identify such complex relationships, there 
were a few explorations using other statistical models to 
examine determinate factors of building energy in the 
field. One type of effective model of such is the quantile 
regression model. The quantile regression model 
examines a dependent variable with different quantile 
levels and draws inferences about the values that rank 
below or above the conditional median and quantiles 
[21]. The use of quantile regression allows for examining 
questions of problems associated with assuring a normal 
distribution or filtering of skewness points [20]. 
Therefore, the quantile regression model seems to 
provide a complete picture of which part of building 
energy use is more susceptible to which factors [17, 20]. 
Studies using quantile regression stressed the 
importance of nonlinearly distributed errors, robustness 
against outliers, and the ability to detect heterogeneity 
of building energy use [22, 23]. However, few studies 
applied the quantile regression model to building energy 
at the urban scale to understand the nonlinearity in the 
influence of urban and building factors together. 

This study aims to fill this gap by examining the 
influence of urban and building factors on residential 
building energy use in Seoul, South Korea, using the 
quantile regression model. The study estimated those 
influential factors' complex and varying influences 
considering different quantile levels. Unraveling such 
complexity and nonlinearity in the relationship between 
urban and building factors and building energy use can 
provide more detailed evidence for policy toward 
energy-efficient city development. 

2. METHODOLOGY 

2.1  Analysis scope and data collection 

The study area is Seoul Fig. 1, the capital city of South 
Korea. Seoul has better data availability than other cities. 
The study period is August, a typical summer month in 
Seoul, in 2017. The data used in this study include 
buildings' energy, urban form and building, socio-
economic, and temperature data. They were collected 

from the Ministry of Land, Infrastructure and Transport 
(MOLIT) [24], the Ministry of Interior and Safety (MOIS) 
[25], the city government website; and the United States 
Geological Survey (USGS) dataset [26]. 

2.2 Model specifications 

In this study, quantile regression model is used to 
figure out the relationships with distinguishing 25%, 50%, 
and 75% quantiles of energy use. The OLS regression 
model is compared with the quantile regression results. 
The analysis uses the “qreg” command in STATA 17. 

The dependent variable is defined as residential 
building energy use intensity (EUI) for electricity. To 
measure it, this study divided the electricity energy use 
by the total floor area at the parcel level. 

The independent variables include the floor area 
ratio (FAR), the coverage ratio (CR), surface volume ratio 
(SVR), and building age as urban form and building 
indicators. Economic factors, namely the land price, were 
included. Demography factors were population density  
and older adults ratio. The normalized difference 
vegetation index (NDVI), the smallest distance to green  
space, and the smallest distance to a body of water were 
also included as environmental factors. The details are 
shown in Table 1. 

3. RESULTS 
The results of the quantile regression and OLS model 

are presented in Table 2. In the result of the quantile 
regression models, the relationships between 
dependent and independent variables were similar to 
those in the OLS results. For factors regarding urban form 
and building, FAR has negative effect whereas CR and 
SVR have positively affected the building energy use 

 
Fig 1. Target area 
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throughout all quantile regression models. However, 
building age has an insignificant effect in quantile 25%, 
whereas 50% and 75% have significant positive effects. 
In the economic part, the land price has a positive effect, 
which is already identified in the previous studies. In the 
demography part, population density has a positive 
effect on 50% quantile and older adults ratio is 
insignificant at all levels of the model. In the 
environmental part, the distance to a body of water was 
not significant in quantile 25% whereas in quantiles 50% 
and 75%, the distance to a body of water is negatively 
significant. The distance to a green area was positively 
significant, and NDVI was negatively significant for all 
levels. Pseudo R² is 5.84%, 8.81%, and 12.84% in quantile 
25%, 50% and 75%, respectively. 

As a result of the OLS model, all factors are shown to 
be significant. The results are similar to quantile 
regression models except for CR, the older adults ratio 
and distance to a body of water. CR has negative effects 
in all quantile models, whereas CR has a positive effect in 
the OLS model. The distance to a body of water has a 
significant relationship only in quantile 75%, however, it 
was shown to be significant in OLS models. The older 
adults ratio has an insignificant relationship in all 
quantile models but it was negatively significant in OLS 
models. The R² of the OLS model is 14.98%. 

4. DISCUSSION 
The graph results show nonlinear relationships 

across all quantiles of the building energy use (Fig. 2). 
This indicates that it is necessary to analyze and consider 
the differential impact of each factor by quantiles for 
building energy reduction.  

In general, energy use and building density have a 
negative relationship. However, some studies argue that 
energy and urban form factors such as FAR and CR have 
positive relationships. The negative effect of an increase 
in the FAR on the building energy use is strong at the right 
tail of the energy use distribution. CR in the quantile  
regression models have positive effects, whereas CR in 
OLS have negative effects. Table 3 shows an additional  
result in the high quantiles. Fig. 2 and Table 3 show that 
CR has a negative effect on building energy use in both 
90% and 95% quantiles. In addition, the coefficient 
decreases rapidly from around quantile 80%. The 
absolute value of the coefficient at quantile 95% is 0.245, 
which is a large difference when compared to that at 
quantile 75% (6.021). This shows that the influences are 
nonlinear according to the quantile level of energy use. 
However, this study cannot find the significance between 
CR and energy use in quantile models. 

The older adults ratio shows a nonlinear relationships 
where the quantile 25% and 75% shows negative and the 
quantile 50%, 90% and 95% shows positive relationships. 

Table 1. Variables 

Division Variables Measurement Source 

Dependent variable EUI Ln(Electricity consumption / total floor area) (unit: kWh/m2) MOLIT 

Independent 
variables 

Urban form 
and Building 

FAR Total floor area / parcel area (unit: N/A) MOLIT 

CR Building footprint area / parcel area (unit: N/A) MOLIT 

SVR Surface Volume Ratio (unit: m-1) MOLIT 

Building age Average of building age within parcel (unit: Year) MOLIT 

Economic Land Price Land price / parcel area (unit: 100,000 KRW/m2) Seoul 

Demography 

Average 

occupant 

density  

Total population / total floor area (unit: person/m2) Seoul 

Older adults 

ratio 

Older adults population (over 65)/parcel area  

(unit: person/m2) 
Seoul 

Environment 

Dis Water body Distance to the nearest water body (unit: m) MOIS 

Dis Green area Distance to the nearest green area (unit: m) MOIS 

NDVI 

Normalized difference vegetation index: (Near infrared-

red)/(Near infrared+red) 

(unit: N/A) 

USGS 
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Table 2. Result of quantile regression model 

Variables 
Quantile 25% Quantile 50% Quantile 75% OLS 

Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. 

FAR -.638*** .074 -1.687*** .107 -3.643*** .300 -4.746*** .183 

CR 4.030*** .594 5.056*** .639 6.021*** .995 -4.119*** 1.177 

SVR 1.659*** .215 1.996*** .375 3.621*** .601 7.351*** .485 

Building age -.008 .005 .025*** .005 .085*** .014 .027** .011 

Land price .100*** .003 .166*** .004 .240*** .007 .209*** .005 

Population density 2.520 2.124 6.619* 3.883 47.294 33.217 11.793*** .920 

Older adults ratio -1.048 .938 .614 1.485 -.326 2.039 -5.510** 2.207 

Dis Water body .000 .000 -.000 .000 -.001** .000 -.001** .000 

Dis Green area .003*** .000 .005*** .001 .007*** .001 .007*** .001 

NDVI -10.480*** .811 -13.109*** 1.059 -17.917*** .995 -26.523*** 2.402 

cons 1.154** .401 1.891** .796 4.817** 1.607 11.448*** 1.106 

Pseudo R² 0.0584 0.0881 0.1284 R² 0.1498 

* p<0.1, **p<0.05, ***p<0.01 

 
Fig 2. Graph of quantile regression model 
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Thus, the difference of coefficient is not patterned for 
each quantile. In addition, the older adults ratio is 
insignificant in all quantile models, whereas it is 
negatively significant in the OLS model. These results can 
be explained by the idea that older adults practice more  
energy-efficient behavior than younger people and are 
more vulnerable to heat in general. Nevertheless, to 
understand and explain the difference between energy 
use distributions is challenging. In population density, 
the coefficient increases rapidly from quantile 75%. The 
value of the coefficient at quantile 95% is 250.434, about 
100 times larger than of quantile 25% (2.520).  
Distance to a body of water has an insignificant 
relationship with building energy use in 20% and 50% 
quantile models, whereas quantiles 75%, 90%, and 95% 
models and OLS results are negatively significant. 
According to the results shown in Fig. 2, the distance to 
a body of water has stronger negative effect as it drops 
rapidly at the right tail of the building energy use 
distribution. Table 2 and Table 3 show the significantly 
negative effect in quantile 75% that switched the result 
from insignificant to significant. Residents prefer to live 
in areas with accessible environmental facilities such as 
parks and waterfronts [27, 28], and Seoul residents 
prefer residential locations near the Han River [29]. 
Residential houses close to environmental facilities have 
higher housing prices and use more energy because of 
high income residents. 

5. CONCLUSION 
The relationships between urban and building 

factors and building energy use are complex and 
nonlinear. Previous empirical studies mostly used the 
OLS or similar regression models to understand this 
topic. Still, they often suffered from the strong 
assumptions upon the distribution of variables in those 
models that may not apply to the urban building energy 
data. This study aims to fill this research gap by adopting 
the quantile regression model to examine the nonlinear 
influence of urban and building factors on building 
energy use under complex distribution conditions. This 
study focuses on the residential building electricity use in 
Seoul in August 2017 and compares the quantile 
regression and OLS models. In general, the relationships 
found in the two models are generally in line with each 
other; however, considering the energy use 
distributions, the results show that nonlinear influences 
of the urban and building factors are strong at the right 
tail of the energy use distribution. 

Specifically, the positive relationship between 
coverage ratio and building energy seems to change 

rapidly above quantile 80%. The influence of distance to 
water body on building energy is insignificant in 25% and 
50% quantile models, but it turns to a significantly 
negative effect at quantile 75% and above. Unlike the 
OLS results, no significant difference between the older 
and young adults groups is found in all quantile models. 
In sum, the findings show the effects of factors on 
building energy use more comprehensively and with 
more detail. 

As Seoul plans to improve building energy efficiency 
to reach carbon-neutrality, this study can provide more 
detailed and helpful evidence for policymaking in urban 
development. The findings reveal the nonlinear 
relationships between urban and building factors and 
building energy use that depends on different quantile 
levels, which helps better understand those complex 
relationships and develop comprehensive urban energy 
policy. 

This study still has a few limitations, including the 
incomplete data coverage and the lack of considerations 
of some influential variables. These issues will be 
addressed in future studies. 
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