fm Check for updates

Journal of Climate Change Research 2024, Vol. 15, No. 5-1, pp. 609~618
DOI: https://doi.org/10.15531/KSCCR.2024.15.5.609

S IPIEES g8t HERE 247IA S 37 EXEH
oo 2ot gt F71 5AE SHeRE
o2t

Spatial distribution characteristics and changes of greenhouse gas emissions in the building
sector using spatial autocorrelation: Focusing on Seongnam City, Gyeonggi Province
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ABSTRACT

This study analyzes the changes in spatial patterns and spatial distribution characteristics of greenhouse gas emissions in
the building sector in 2013 and 2023 and suggests implications. The data for this study were constructed by attribute joining
individual public notice land prices and energy consumption data (electricity and gas) in the building sector with spatial
attribute data. In addition, greenhouse gas emissions by plot for 2013 and 2023 were calculated. The LISA analysis using
the local Moran index and hotspot analysis using Getis Ord's statistics were performed. Greenhouse gas emissions tended to
cluster around Bundang-gu, a new city, and the amount of greenhouse gas emissions increased sharply in the old downtown
area (Sangdaewon 1-dong, Sinchon-dong, and Bukjeong-dong) over the past 10 years. Hotspot analysis, similar to the LISA
analysis, identified the old downtown area (Sangdaewon 1-dong, Sinchon-dong, and Bukjeong-dong) as a hotspot with high
carbon emissions. Three hotspot areas (Yatap-dong, Sunae-dong, and Gumi-dong areas) were observed in 2013, while seven
hotspot areas were noted in 2023, with the addition of Sangdaewon 1-dong, Sampyeong-dong, Baekhyeon-dong, and
Jeongja-dong to the existing three.
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Table 1. Building energy data properties in Seongnam

city
. . Management
Data name | File format | Data time |Data source
agency
. .| Ministry of
. December | Digital twin
Spatial data . land
SHP file 2013 territory |,
(lot) infrastructure

and 2023 |(V-WORLD)
and transport

Total from .
. . Ministry of
Attribute January to |Private open land
an
data TXT file | December |building data|
. infrastructure
(building) 2013 system

and transport

and 2023

Source: Summarized by author with contents of building energy data

THA(TXT file format)o| A FEAl XSS 01 53
4 ARz Z-&Uti(Table 1).
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AU olyw RS2 F BA0] §-85tth(Yeo
and Yu, 2023). A7
()3} 2k,

n_n — n _ (1)
ZZ“UU Z(‘XZ, )2
where [ = global Moran’s I, N= the number of

observation, X;, X;= the variable values at ¢ and 7,

X= the mean of variables, w;;= weight matrix

between location i and j

w2k 335 WAL B
Mol 28 9 B4
Jo GEANA 9RE AT & A= Aol At
(Park et al., 2021). WehA A& 20| SHA A7
W A7 O ZA LISA £40] ditAog A A=
Qlth(Anselin, 1995). o714 LISA B2 X4 R X
FE ZE&Fo =z EFT AHY 4%l A A
Ae] AZB RN 153 Fo.T ek ()9 B7H
H Apygos R, W] Ay Ao HEET
A o] AREEAG Rol7t 2 Aol RO B
A71gEoE AAEY. #H-50] £4L2 fIsiA= I4]
Z 2ol BA-& 23St Anselin Local Moran’s 1 24 =
F3 A (inverse distance) FHO| 7|Het EEFHS9
X E A4trste] A YA A (threshold distance)E A
Asldt. ESE 7 2](distance)= 7]5}8H4 9l (euclidean 7|
PlE ROW Qg HET S HETt. ol B A%
PHS It EFSHrow standardization)Z FA3FO 2 A
24-5o| BARHo| /537 gheoltt. ol2fF FAH
WA 40 £ AALHALZ 29| Eq. (2)2F 2Tt Eq. (2)
oA S Eq. (3)9] Aoz A4tE Aol

Jl)l' Hm

T~ & —
I= 7 E ‘a)ij(zj*z) 2)
i J=LjAd
where = local Moran’s I, z,= the variable value

i
at i region, z= the mean of variables, w;;= the
spatial weight matrix between i and j
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SHH, LISA £4 %
29 471K 9802 FHEHTH(Choi et al., 2018). -2
FF 0.05 o)A ]%L 72 7= MAEY 24
L& HH(E:LS %iol T 22 goE EAd)et LR

%lo] FHo] ¥ fo g2 )T, 1 olfd Az

£ 542 7K 7HXﬂ 9] #4842 HL(&Z #o] FH
W2 #e = SR LH(R ghol 10 &2 g2
= SUA) 528 EEETh HLY LHe 9 A3

2 oj# 42l Sol(outliery WS Hol Aejolch. 1
21 AGA] AERE AVMA BEREXS AzZHFog
7 X 3Fet7] Y8l Getis Ord's G SAZS E83lo] A
% 242 ANt o714 ¢ BA] 00 F7eH
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U= AYE 9o|3H(Yu et al., 2019).
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where z;: the variable values at j, z: the mean of

the wvariables, w,:

;- spatial weight matrix between
location ¢ and j, S: standard deviation, n: the

number of observation
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oL 2 oL 2T 2

4.1. #E-50|(LISA) &4

o7|M= A AEFRE 2A47IA HiEHE S4C
2 201393} 20239 % 2AVIA HijE&o] F7HA A4
o BAS sttt A9d Hetx|g BAG £AZET,
A AEFE 2A7EA 8iE%Y] oy EX+= 2013
At 2023 25 AFEEE JAsH Ao &, T
(p-value) 0.01 =50 4] Moran’s 1 A 2013 0.14
o} 2023 0.100.2 77y o] 374 ExoieS g/gst
¥Oom, Z-Score < 20139¢ 11.607} 2023 8.68%A]
uf9- 733t S (clustered)d] FFdS e QUTH(Fig.
1 & Table 2).

7| M Al AERE 2A47A wiEdy 378
ol Bxujel BAS 93 2013} 202309 AEAl A

Spatial Autocorrelation Report

Moran's Index: 0.140895 Significance Level Critical Value

2-score: 11.609905 B (prvalue) {xscore)
001 mm <-258

p-value: 0.000000 005 [ -2.58--1.96
010 [ -1.96--1.65

-— I -1.65-1.65
010 3™ 1.65-1.96
0.05 @l 1.96 - 2.58
0.01 N >2.58
— | —
Significant Significant

4w et
s, & - {
Rl R |
Ao E_ \

Dispersed Random Clustered

Given the z-score of 11.6099053045, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.

Global Moran's I Summary

Moran's Index: 0.140895

OL-"1 =

— —

Table 2. Result of spatial autocorrelation analysis
(2013 and 2023)

Year Moran's 1 Z-Score P-Value
2013 0.14 11.60 0.00
2023 0.10 8.68 0.00

= 2AVE el e &3t shape Hlo[EE
3L T5-501(LISA) 248 AlFsIATh. A 24
7h2 wiE ] whE £-5Ol(LISA) 2423, 20133
202339 HH A|9o] mj-¢- vl=3t o= #4342 34
otH, B3O 1s, oF2E, A4S, olils, o2
5 s, FUlE, FH2E, AAE, dAE, AH2E,
TolE, FUE), SEFCEHELE) Lol 247
&l =2 3ol AL ATh(Fig. 2). 531, AA|
7Rl 2T, s, ollE, sUls, Ak,

Spatial Autocorrelation Report

Significance Level Critical Value
p-value) (z-score)

Moran's Index: 0.104215
z-score; 8.683489 N

0.01 <-2.58
p-value: 0.000000 0.05 ; -2.58 - -1.96
010 [ -1.96--1.65
— [ -1.65-1.65
010 3 1.65-1.96
005 @ 1.96-258
001 W >258
—A —_—

Significant Significant

Clustered

Given the z-score of 8.68348928374, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.

Global Moran's I Summary

Moran's Index: 0.104215

Expected Index: -0.004425 Expected Index: -0.004425
Variance: 0.000157 Variance: 0.000157
z-score: 11.609905 z-score: 8.683489
p-value: | 0.000000 p-value: 0.000000
(a) (b)
Source: Analyzed by author with provided by building energy data
Fig. 1. Result of spatial autocorrelation analysis; (a) 2013, (b) 2023
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Fig. 2. Result of LISA analysis in Seongnam city; (a) 2013, (b) 2023
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