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The Impact of Urban Characteristics on Carbon Emissions of Buildings in
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Abstract
The aim of the study is to analyze urban characteristics that affect carbon emissions of buildings. The analysis was
conducted at the level of 424 administrative districts in Seoul. The main variables used in the analysis were
energy consumption and carbon emissions of buildings published in the Seoul Metropolitan Government's energy
information platform 2021. It was found that carbon emissions per unit building were high in Jongno, Gangnam,
Guro, and Mok-dong. A regression analysis using the spatial lag model (SLM) identifies that the variables that
affect the carbon emissions of buildings were; commercial, educational, business and industrial facility variables
as built environment factor; number of residents; traffic volume, number of bus routes and number of subway
stations as transportation facilities factors; and environmental factors such as green area and river area.

Keywords: Urban Characteristics, Building Energy, Carbon Emission, Spatial Lag Model (SLM)
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Table 1. Variables Employed by Previous Studies

Variables a b ¢ d f g h i i k1 S’{::y
Gross Floor Area ® o 6 6 6 06 06 6 06 06 0 0o o
Building Use [ ] [ e 6 6 06 0 o o o
LUM(BUM) o o
Building Height o o O o 0 o
Age of Building o o e 6 6 06 0 o
Population e 06 o (] o 0 o (] [ ]
Personal Characteristics [ ) [ )
Household Characteristics @ ® ® @® ©® @ e 0 o
Official Land Prices o o e 6 06 0 o e o
Income () [ [ [
Trips ([} o 0 o [ ]
Road Area o O o O [ ]
Public Transit e 06 o o ©
Green Area o o e 6 6 6 06 06 0 O [
River Area o o e 6 6 6 06 0 O [
Temperature e 6 06 0 o [

a: Noh and Lee (2013), b: Noh (2014), c: Jung et al. (2015a), d: Cho and Sohn (2019), e: Oh (2020), f: Kim et al.
(2018), g: Kim and Yi (2019), h: Lee et al. (2019), i: Jo et al. (2022), j: Jo and Kim (2022), k: Kim et al. (2011), I: Jang

etal. (2012), m: Jung et al. (2015b), n: Go et al. (2023)
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Table 2. Definitions and Sources of Data Employed

Variables Definition (Unit) Source
Carbon Carbon emissions per unit area converted from  Seoul Energy
Dependent Emission of electricity and gas energy consumption for each Information
Buildings administrative district (tC0,/m?) Platform
Gross floor area of residential buildings (m?
Residential . . b § ()
/administrative district area (m®)
. Gross floor area of commercial buildings (m?)
Commercial . . N 2
/administrative district area(m®)
Private Open
- Gross floor area of educational buildings (m?) p
Educational .. ) L. 2 System of
/administrative district area (m?) i
Building Data
. gross floor area of office buildings (m?)
. Business . . - 2
Built /administrative district area (m?)
Environment ) Gross floor area of manufacturing buildings (m?)
Manufacturing . . - 2
/administrative district area (m®)
(P x1n(P))
BUM BUM= - —
In(n)
n=no. of building Uses, Pi=i use area / total area "
Hot place area (m?
Hot Place . p' . .( ) 2
/administrative district area (m®)
Livin Annual Living Population of an administrative
Population g district Open Data
Population .. . L 2
/administrative district area (person/m®) Platform of
Official Land Seoul
Price In (official land price of an administrative district)
Independent C ial
Variables Economies ommercia
. L. . - District
Income In (average income of an administrative district) )
Analysis of
Seoul
Open Data
. Estimated no. of trips per an administrative p
Trip . . Platform of
district(10k trips)
Seoul

Transportation ~ Road Area Road area (m?) /administrative district area (m?) View T 3.0

Facilities Bus Route Number of bus routes passing through
an administrative district (no.) Open Data
Number of sub Platform of
. umber of subways stations
Subway Station ) L ways st Seoul
in an administrative district (no.)
2
Green Area Green area (m°) Environmental
/administrative district area (m?) Geographic
. Watershed area (m?) Information
River Area . . - 2 Servi
/administrative district area (m?) ervice
. Highest Annual highest temperature
Environm-ent L . o
Temperature by an administrative district (°C)
Lowest Annual lowest temperature Open Portal of
Temperature by an administrative district (°C) Climate Data
Maximum
. Monthly maximum rainfall (mm
Rainfall y (mm)
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Table 3. Descriptive Statistics

Variables(unit) N Mean SD Min Max VIF
D‘g’r‘j;l&zt Carbon E'E‘t‘gg‘z"/‘;n‘;g Buildings 154 0059 0035 0002 0275 -
Residential (m?/m?) 424  0.76 130  0.00 2274 1.331
Commercial (m?/m?) 424 0.17 014 000 094 2706
_ Educational (m?/m?) 424  0.05 0.06 000 052 1.141
Envifg:rtnem Business (m?/m?) 424 011 023 000 234 4.806
Manufacturing (m?/m?) 424  0.13 028 000 234 3.871
BUM () 424 056 0.17 009 096 1852
= Hot Places (m?®/m?) 424 027 058 0.00 401 1.396
_§' Population  Living Population (person/m®) 424 204.93 9548 15.57 712.70 2.976
S In (Official Land Prices)(-) 424 15.02 027 1462 1575 2125
Y Economic

s In (Income)(-) 424 1521 046 1414 1693 2617
a? No. of Trips (10 k trips) 424  0.08 0.03 0.01 0.18 1.884
Sg ) Area of Roads (m?/m?) 424 3182 4181 054 31611 1.987
g Transportation Bus Routes (number) 424 7986 5159 1.00 374.00 1.699
Subway Stations (number) 424 0.95 1.17 0.00 7.00 1.481
Green Area (m®/m?%) 424 025 018 001 0.86 3.472
River (m?/m?) 424 013 036 000 249 1.790
Environment Highest Temperature (°C) 424 37.08 0.56 34.73 3853 2.126
Lowest Temperature (°C) 424 -1837 0.82 -22.76 -16.36 1.794
Maximum Rainfall (mm) 424 22121 1846 17331 271.23 1328

R, 173.31mm= WERLHA A2A] of| A & 387850l

I 550,000

1

"y
it s

&
T

Fig. 1. Carbon Emissions by Building Energies

& -18.37= & LB -] g
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Fig. 2. Carbon Emission Distribution by Buildings (Left) and Its LISA (Right)
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Table 4. LM Test Result by Carbon Emissions of

Buildings

Test Value

Moran’s I (Error) 2.122%*
LM (Lag) 5.1213**
Robust LM (Lag) 3.0204*

LM (Error) 2.1226

Robust LM (Error) 0.0217
Lagrange Multiplier (SARMA) 5.143**

*p<0.1, **p<0.05

4.2.2 71Z9| HAHIET0 CHSE HAQQl 24

A& BP9 ATV wAIE S
9ol 7R E 2P SR (SLM)
SERAE Y (SEM) 5 LM A5 53) Het Blg
3 R Y MEEA LM 248 AAJR 2, SLM
9] LM(Lagrange Multiplier)Z}¥} Robust LM Z}°]
B oJu]o] Uhehd uh, SEMS] LMGES: 2
0]5HA| =& 5]A] ghot 2F2] 0 2 SLMS 28519
A4S AASIAH. LM 78 9] Ak= Table 42
2k

OLS®}SLM 7+e] g 2 A3 5, SLMO| R*7}
0.734, AIC*= 683.84, SC= 763.89% = AHE
A5} OLSHT} SLMo] 43 0% ehgrh
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Table 5. Analysis of Urban Factors Affecting Buildings’ Carbon Emissions

Variables OLS SLM
Std. B B
Spatial Effects o (rho) - 0.121
Intercept 0.0210 -0.001 0.0370
Residential -0.0004 -0.010 -0.0003
Commercial 0.0592%** 0.204*** 0.0572%**
Educational 0.0623*** 0.114%*** 0.0588***
Built Environment Business 0.0273%** 0.172%** 0.0254***
Manufacturing 0.0423*** 0.327*** 0.04171%**
BUM -0.0094 -0.055 -0.0097
Hot Spot 0.0001 0.033 0.0001
Population Living Population 0.00071*** 0.215%*** 0.00071***
Economies Income -0.0024 0.002 -0.0023
Official Land Price -0.0031 -0.047 -0.0044
Road Area -0.0084 -0.011 -0.0088
Transportation No. of Trips 0.0029** 0.071** 0.0022**
Facilities No. of Bus Routes 0.0000* -0.065** 0.0000**
No. of Subway Stations 0.0019** 0.056* 0.0019*
Green Areas 0.0000* -0.156%** -0.000002%***
River Areas 0.0000** -0.092%** -0.000004***
Environment Highest Temperature 0.0015 0.003 0.0015
Lowest Temperature -0.0003 -0.023 -0.0005
Maximum Rainfall 0.0001* 0.043 0.0001
R? 0.728 0.734
AIC 686.90 683.84
SC 767.90 763.89
Log-Likelihood -323.45 -320.1
Breusch-Pagan 175.79*** -
Koenker-Bassett 26.79 -
Jarque-Bera 2626.01*** -

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

(Table 5). SLMZ 7|&0 2 A9, W%, &, 24,
AT, B, Aok Aol 571 foln)e o] 2
T2 vergon, WA % =Awa, s
oA FojulRt 28] BT e F 932
A|oiskant OLsef AR 237} w2 glck

il

)
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