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Analysis of the Relationship between Urban Characteristic Elements by
Type of City and GHG Emissions
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Abstract  This study classified cities across South Korea according to their urban characteristics, selecting
representative cities for respective types, and drawing a relationship among urban characteristic elements, carbon
emissions, and the energy consumption of cities. For the classification of cities, the elements of the urban
characteristics were examined through a review of the related literature. Factor analysis was then carried out to select
the variables from among these elements. The absolute coefficient value found in the analysis was set as a standard.
A classification of cities across the country was performed using these variables, and representative cities were chosen
for a comparison of the characteristics of each type. For an analysis of the relationships among the urban
characteristics according to the type of city, the greenhouse gases, and the energy consumption of cities, emissions
of greenhouse gases, electricity consumption, and oil consumption of the representative cities were compared and
analyzed by correlation analysis. The analysis results indicated that the cause of greenhouse gas emissions and
electricity consumption varies according to the elements of the characteristics of the representative cities, even when

they show similar emissions and consumption.

Keywords : Energy Consumption, GHG(Greenhouse Gas), Urban Characteristics, Factor analysis, Cluster analysis

1. M2 A= 2009 Akl F3]ef A ATk wE

< 2020 BAU(Business As Usual) thH] 30% 75 &

1.1 79 g & =5 FE THs L A5E 98 =8& 71t ARk &
=R FELEE SELF/EZAATAIYG Y] ATHIA (AR E 17CTAP-C133102-01)e] o3 = AFHTh

*Corresponding Author : Gunwon Lee(Hoseo Univ.)
Tel: +82-41-540-5785 email: gwlee@hoseo.edu

Received September 25, 2017 Revised November 2, 2017
Accepted November 3, 2017 Published November 30, 2017

62



o wy Ao oW w
gl ﬂom ﬁﬂ%nﬁ
= ! 7o T B " e
ik At § N B nEER
or T WEWMOJ ] ] £ £ S3 = o ﬂomﬂLMi
~ 5 B M ~ < < £ S% = il ww &KX
#l © TIZEC s e B N sz sa
L TEI . g 3 3B E - =T B 5
4 w 2ITEE | i 5 4 e
4z priEs = wm et e H w72
5 % EZELY g TRE z| (3] I3 T diwe
3 m = S I - = £ £ & 2 _§ gl XS g ur
ol B X mo - B = o s 3 o S = S [} EcE| 2 n.ru,AO,]
of ~o oE]JJ_.A_‘I w 7 © = T @ o o S mMm ® - OtﬂA
M 5 wox Aﬂ mw ﬂn z 7 = = - 2 o = & 52| ok P s w W
heeﬁ‘_ o - o o - = = bt M.G:'w DJ il
3 om FTxTg A EHNENENHENEHDNE N HE O e
L =~ mwHwEwR g 3 T K 5 g ALIELIELE IR gl &g
< W Mol L £ = 9 2 = = 2 2 5 288 | Ol L x M =
B LzesfsTE T B |5 2 (5] |2l (B] (] |F &2 ¢ W nhoT o
e 3T YE M gl |7 2 5| |2 : 2| (355| - = %%ﬂ%%
[ i) £ o z wBE | ~
¥ ZEwEioze = ] [2] [ I 1R o m_mwmmg
< <K 3 ~ I RO —— —— L Lt £ m J”ﬁﬂ;u
14 ZEHOJIN
R ®a® = . I
I = BIA oy N J— —
e ‘_M_w ML = = HmlL ,ﬂmﬂﬂ L 1M.o ‘zy_Alq nK ,Wn DAI_ m = Jowr oo o W T o
B e SEREE LEEIREOE pwTE mad ZTWTLANEE
Bhghowt Frowcz Y Z¥y DHEC TF BEgiTarr
o7 M = MR Wa 4 ) oR o° o T s R o = .1_70| M o wot 2l 1H A ﬂr = = o le Q m =m < W
) w w@ g K x° = o i NEoof Hr i) G I R - o= o 1H i JOw M
L o~ Q= ]yl o o= ﬂﬂ = o ﬂ.ﬁ X HT o .&.o N = =3 ;Iﬂ.«l Jﬂl OT o =o TI
S I SR Moo W gy W) N 0 2FEoallod ]
%zﬂo%egwuﬂuf magmm¢ﬂﬁﬁﬂﬂungwmﬁfﬁ W B o o ¥ G Mﬁﬁﬁwywﬁﬂ
AJr N I~ . el B A ol W ® T ! X s A E
E N FEEE N E A A TEgL, Th fEsTLLET
ﬁ%miMﬂ%%@%%ﬂﬁ%%%gﬁmﬁﬂw TEaP a P EREE
Voo oy R ™= N o XA " ol Q g W =
m%mmweﬁﬂo5ﬂ%dr.dr.%wmiaw%E#E%ﬂid.;wr_ﬂof_lqg% uowogur,uu_]_mﬁmW%%@@
= = = O.f ;OT Ot G = EE < T 5 N ﬁ.ﬁ ! n = HT OL — H«:l < = - Er! B xr -3 ﬁTl ~ ;Ir‘” paul
BT BT RS 55O E kel e L I ERLSwmom gy w
SRRy s Eﬂwu%ﬁgeiﬂ]ﬂg.ﬂﬁ o W A T -
mamawoutiafﬁma5ﬂﬁﬂﬂiﬂﬂﬂ%ﬂ%ﬁﬂ%o@mﬂ%mﬁvi R IR NI S W e
egmHT%wmmiﬁaﬂa@%ﬂﬁogﬂﬁ% ShR_®_ow I I A
mmql,@m%ﬂ,z:mﬂwmﬂ_%ﬂﬁwﬂw%a%ﬁﬂw_@lmM ol_ij,%glm,___mwmn%%%
2M%&%Ww%ﬂuﬂaﬂ“ﬁ%Ewﬁ@ﬂWMMimﬂmﬁ@%QL%Hﬁ mm;dumwlhﬂmmﬂﬂmrﬁﬁegﬁ
g2 TR e g N TR T ol Kg Mg = N B E T ooy MR TR
- T g = ) 2 S e - = 5 m T N J oo 2 _E<XE
_sxﬂqﬂua‘ﬂ% BWMEBOBMMVE%%mﬂﬂngi@ 2.thburm%mﬂef%¥5€
° o %o 5 — o — - - = o BT = % %
FRTes TRcT wE°ETITIET
~ T BTN

63

= EAZE dggkel w8 A9



Ae71Ee e =g A A8l AlE, 2017

gl

k]

o T OEMWE SR T WT T WG R o T T T
= o oo A- I W E o Ao g Cp TR om M T W ooy ok
< %0 Wy B WRE S Tq g B oAy T S8 oo EobM oo m T oo
M T} " T 3 woN SH % o E 9 o os Ao W
<l 3 o MoMe T & o B g o 7 o e S LT B

il < T X NdwmY¥ LR RLY cnEr TaIiBELd<z_ @
= _ oy - M S MG o E ~ L@ 8 1 W oo oo 8% G ARy
air = 0] T oo Wk o D T AR Tl s T G Moo m TR E R
o H = A= 22 A= R o ey ©OE NETTE Y ﬂuo#EJLoﬁa<ZgaLﬂuﬂWoﬂﬁoﬁeﬂ
5 i X mfﬁ%%aﬁmgﬁmoiﬂ Mg ﬂﬁWﬁE%w@f/l@%
N r = 7 - 7 = i ! — o Wy =
- = v ZTHUBTImZL@ o %%%ﬁ% %%ﬂﬂ@wa%%ﬁﬁ_z
. do —_ o — <X ™ T O _ AN < o o
= — p%arﬂ%@4gkimq%% B ox EET em liaiwg W
il oK M o— {FomyoEr oo W 2 ¥ ok W O = o o I m B ool - o X
T L - %X om i ° o o| Ho o B — B 60 oo e N ool B W TE 55 o)) A = m°

— o o0 = i HO N ~ oF = <0 & oo o B oar 0% R 9 N ™
o ol Eﬁoﬁ?nnimnowﬂlgﬂovﬂn 5o o W o = S 0 O R
o W mr¥maos_ <rgnxs &HAITEL Fhpggisg o srlq
o] o] .._.A Tl B D B o) — = o - o N T oo_]iﬂ& E) HAFIFE:.QW it
ot OF 0 X0 w0 o = — o X o B9 oW mE A oar B gt o & R % B N 2
b %_“____jﬁ?ﬁa,%@rmmﬂﬂﬂﬂﬂ@ uz%%%mt W T m N xTET N
O M . X ~ ,..,mm o m_ol H_AI = = Moy %o T 70 M-u _ZTM X0 T %0 ol = — ooA ) ;O B 1
o < § TRT-odCifszelio, HE¥ZgR Fek aol cwaz
= Eﬁdﬂoﬁnﬂllxutllo a] = ~ © N o2  — =
= < H o DX J|73J|m_.ﬂoﬁ oy ® g T N ]ﬂ7Lﬂr7&%
=~ : T oo s als! o N oo & - oy s X = 2 — s
H o ™ - - X 3o N o T Mo " — XN e P N BRI
e O S HE TR Yo T e ©Hgahw A SN omRe ®mE O
Ko @ T o &N B or oW N KRN "o o N B% oy H RS M H R of moon ml
ﬂﬂm%%%%%ﬁ%ﬁ%ﬂ wo%cﬂfgd. © o ol |o] |@® ﬂMmMmmE%ﬂa
TR QI @ 5o = wr : . < o) R
ma%n\u.?wﬂw%meﬂgﬂgﬁﬂﬁ Heﬂgiww sle ol T lele] [o] |54 Em_wmq%w%
1 — < =5 { ~
%W%ﬂoﬁhﬁﬁ%ﬂ%w Wow s W 2l o EN Mo F OB - o
kP BHP IRy T x K po o B o~ 1 & < TR R T
AP T R T T T B LA R o NE o 8 Hpe N E o
2o o oy o) T iy BN o T o £ 8 OT s o
ﬂﬁoaﬂg&a%%ﬂ%ﬂﬂﬂ% R I E K Al Y
B e PN S BT X aP  IL 2 T Ty T OB T
.ﬂﬁLzTOHTWO#EoBBﬂZo ﬁoﬁ,WEoﬁﬁ M@OOO @nw Eﬁc._ﬁ__lafﬂorﬂul”
oy e P @B g F Lo o 4O B o5 B R
%OL_#LMNH n_tn%wu\aﬂodrma mﬂﬂeﬂﬂu_ £le]e]ole olo z WWJEH‘_MH%
— o o B - ) ER) I
EX BT wE gae ® Se=ii % 2% ©F g E Moy
SH _maexeE Torw M ow N z = |=| |52 T~oop S o o eR
o B o Hogo o MRS ROE ﬂ,“ﬁ%mh% - S =12 |2 ﬂﬁﬁimm%mm%
E g e T EN Lk o ® D 2§ | |2lg 25255, ol o g el H
br ek = 2o "D R TR = N H Szl 2lal 1813 |2ISIEISE 48 2 o ooy :
sro 2R oasSnwn LAFY ., 3RS |FELEEE R mar LR LR
— ~ QY Q ~ Sl= .=

dRa s REFEg e LT o R e G EHEEEE B T e g
T8 B8 TR md —| 1312518 %|5(8| 5|2 3|z|F| 5 S 5 Hﬂﬂ%%ﬂ%
SEP Eean sl BT B ¥al o 5EssaeglzzzE | T AT REER
T Seawm Egmo T agre < Q| [Z2C52ECE2CRIkc s Few Pl ow
R T QR BT T N o T ook H1[MIZ1[0] b =] = =24 =] £ 2 T MN® A

64



A $9Y EASHas0l LAUTLA HEF

2t} A

B4 SHLATE SA1E BAE 7he] BHE RelFY]  maglo} F wslel BAE shiel #HOR Rol: 5
A3 THEA S JPsAet ol vehston spastelo] ol XA o= A
7 Agshs B AgEel Yol Zavt waskct
Table 2. City Trait Index et e EAE AT B, SEA Y AlEE
fiem Varance AE FHOE ARIREG dgaiglon, Boirst 5
Total population -
Density Aol B A5t mAIS RN o]z} 7] wi]
Number of households AR T G2 T3S 2P
Population |Economically active population 2= Hajo] wole o B © A = o}
Rate of elders ‘L] °© '\E—l’] UHE’. i 1_'r‘] ﬂ ] 1447H ]i =
Rate of daytime population 3to] QQIRXS AAIE AF} o @Y EAE A &
Pure rate of moving Z]E"SEEP —g_?lv“’j:/qgl 7\254/]‘ 107H’] 7—0];5 }Hv“’j—_ ] E%E]
Petroleum =
Electric power Fom A A 82.801%% 2327 “AE oz &
Energy |Electric powe'r (Industrial) }%‘% )é]/\ ﬂ% H’H q_ ‘IT’] 3k %ALO] E%E] giq_ _g_?_]l“i_—
Use of electric power ]
(Home, Public, Services) AL B =53 QA9 10719 A4S vlgow
e |02 e (on) ATH #HEAE Adetddeh #HEAE AFA 2
Local tax X(Hierarchical Clustering)¥ HIAZ4 &4
?,r;nglzl n:dependence rate (Nonhierarchical Clustering) &2 0] 71538, T+
ity budge
Total establishments H]'tn 7t 7]'7(]' = i]—O]—t— /\Hﬂoﬂ ‘E@lg} TE 752043}};1/}
Employment density O]q_ A X’“E B Oﬂ_—rp__ EHJ'J ‘l?_]_ O‘j?_ /\}_;‘ﬂ ] 3'144 =
Economy |Establishments (over 300 workers) B o
Financial and insurance business }‘]—‘é‘oﬂ THOHH Oﬂ:fL’] # x:qf ]}‘1 ]Tﬂ: L]"I—%gj Sl
Proportion of Ist industy T7F Il m g Abde ¢S Aelal o] elEt=
Proportion of 2nd industy _ " ~ s
Proportion of 3rd industy Q'?_];ﬁ?_] Ho]'tg?_] H] 7:]] 4 EL@ T':}'\%IQ] %L%‘O] T’:%ﬂq’
Commercial activeness index 1313 = ?i:rLoﬂ "1% } {oﬂ @‘T‘% 75]3 3]'%] %i
Area of administrative distirct A o Qo] 22 mal A a= -
Residential area / ratio Ao s O w2 5 A 23E o8ste] 24
Commercial area / ratio 3= AEd FREAS AASA T
Green area / ratio
o] ©O.0]15 1 == =
Industrial area / ratio = ?i:f’_oﬂ}ﬂ 1447H A T s T TE 7.35@ 0]’
Utban area 7 9 FHEA Ao w2 deeoade] s
Park area -
X = =2 =3zl =2
Natural type park area 2 th2 ] 3to] 471¢] Cased “=&3H3ATh Case ¥ o
Urban type park area A3l BX A3} Case 1904 gHEE A 7F WAIEHA|
Land Number of houses o)
} -7 Z]\:ﬂ/\—hﬂE‘:}o 2} = iR
use Rate of housing supply @i vy ¥ AdEo] 7P wrhal #dste] Case 19
Agricultural land 77H E‘@]_Q_E EL@ ‘/l:% 75*33}913}. 011\01—9] IH—%% Zé
Main arterial E]E}-U‘j O]‘EH ET’-SQ} 7EL‘—4'
Minor Arterial
Local distribution road
Minor road Table 3. Value of Factor Analysis
Rate of parking lots Model Abstract Factor | o = o Rotati
Total area / ratio of permission of residential buildings Loading umber of Factor Rotation
Total area / ratio of permission of commercial buildings 1st 81.382% 9
Total area / ratio of permission of industrial buildings 2nd 82.801% 23
Trans-  |Number of registered cars
portation | Number of registered public transportation
Table 4. Setting of Cluster Analysis
Fele 24 Fehe =231 99 vl @ Seiing
= < -y < Method of
o] AHaHs Wardiiol els) BA1E Axale. = ot o WARD Method
RS B w9 dezad Eg) AA) 44 & Method Measurement Equal Interval -
- - . Square Euclidian Distance
£ 27|15 3 ohde ARE vE R Case BE5 S Al

65



Ae71Ee e =g A A8l AlE, 2017

gl

k]

E o X% d o N ol m WK Toup oo B AR o e
ﬂo%?ﬁi%ﬂﬂwﬁ@.ﬂ&m Nﬁﬂuﬂmﬂmﬁwﬂﬁﬁ
= 0 T T e T I e = — Mo
T B SN O« i . Moo g X o
I ,m\-ﬂ/ B 2o ™ ,m\-ﬂ/ . - ez o B i NI I BT <
T M TP Ty N T T F Do w K B
ﬁ@ﬂ&%ﬂ7%%%&%% m:%ﬂ@@ﬁ@@.ﬂ%
o e H s ML TR oo T A m_w ~a AJ oy o7 3 o mTlﬁ
AK °F A. o I of — N & T y ~ o - =
R I T LW mmEe o T
© Mo ozn K o xR I T Sk S <) N
oE.m.hL CERCH ,m_.1r1Hlo€ ® F = XA
Pz dEr a2 w - K" TR om g Y
= T X N ey T 0 % oz
Tow - BXodn _di® wxPgpd L
ﬂﬂeswmﬁgiiﬂ#ﬂ o ﬂﬂgilﬂ.ii
R o i B R g gy 0 ooy 0B o THE T WY
A X9 T W o iy G| ey Hr <X H = N OF o XN m o o
RO W RN o D TR ol X o
oo T e o R T o T o L
< ,ﬁ\ﬂ/ui ox‘muﬂleg,l ﬁaegﬁqmaﬂ%llﬂkﬂiz%
= X Wﬂﬁﬂ}cl_io% _Jao]mMﬂui w B =
ol @ o oy o] M NE DN @ R oOF 3 o TH : N
of o =0 M - ) o i < g e 5%
rodEA el Y GEE el els
N I B SR T o NI
RO T oW R W o WA o, @ N o B RO o B
T M T W T RS % oo H "o N e %
o Po HH
2 5 B o
E G "
O To__za <
B~ |=| rE T B
: — |~ m w_ﬂlﬂ
< ! Gt
8 & &
1 F 3 e T B
z =% ElE ARBE o
- K 1 EIEE g W
5 ok o I R N T
rmw IAH w mm .mw, m [a) AT,_AT
rmmm974 ﬁ Pﬂl m MH, m.m B @ <
o| 2 7 W oo R EEBEEEE =
7] EJ-O > 2l ¢e Bl =|Z|EB]e|=|O 5
] I X0 28| |E|EE|5|8|E —
o nour S| 188,282 = 5|82 -2
- Nel ) 18| | <| 5|2 =8| &| 2 {F o
5 20w =| lzl5|8|. 55|52 6|2 K
2 ur @ 2 IR EEEEHEEEEE
= T w S| |25 E[S|o|5|E|=|0|< ~ ol
O S+ oor o ~ o
A Bl oz M | = o TR
WIEZ| =]« HT_O_‘;L ©olz - =
ol® oo.ﬂﬂwoﬂ_ﬂ ol &ll—|a|en|x|n|o|le]w|a|2 ,olgl
o o ol m T ol & o
© @ ©|O w
- | — M

Chungcheongbuk-do (Asan-si)

o] veht

E

=

9/]

ez}
=

Gyeonggi-do (Ansan-si)

]
Gyeonggi-do (Yongin-si)

Representative City
66

p
L

]_

5

oA 2HA]
Seoul
(Seongbuk-gu)
Gangwon-do
(Wonju-si)

Gyeonggi-do (Suwon-si)
Gyeonggi-do (Hwaseong-si)

Q1 ol ARAA, AEAl, BAIZE
A

Ll
Incheon
(yeonsu-gu)
Seoul
(Jongro-gu)
Gyeongsangbuk-do
(Sangju)
Gyeonggi-do
(Seongnam-si)
Gwangju
(Gwangsan-gu)
Jeollanam-do (Gwangyang-si)
Gyeongsangnam-do
(Changwon-si)

Ak

Cluster
6

Table 7. Representative City of each Cluster

JeRt. 414, Co2eqel

TolA 7HE =



-0.852
-0.845
0.461
1611
0.428
-3.260
ol A

o

-0.102 | 0.521
-0.855
0.227
-0.526
0.081
0.615
>~ =
T

4

9], Federation of Candian

-0.697
-1.368 | 2.634
-0.544
1.093
1.699
3.783
A==
o

@
-0.319
-0.480
-0.342
-0.796

N
-0.798 | 0.284

-0.329
-0.031

®
-0.389
-1.109
-0.888
-0.075
1.783

CEREN
sk

Variance

=)

(J

B
-0.157 | 0.837

-1.548 | 7.499

-1.087
-0.778

i<l

A

@
-0.836 | 0.813

-0.710 | 0.469
0.313

-0.684
3.080 | 0.622

0.197

-0.284 | 0.794

N
)

y

Q
-0.289
-0.21
-0.668 | 2.292

-0.285

A3t A7, Vg, FAARA, 4%

-0.300

A §9Y EAE

-0.302 | 0.226

-0.794
1.099
-0.681
1.252

2.792
0.193
-0.729

4.084
(DUrban residential activation, @Urban economy activation, lIndustry, @City integration, (HCommercial vitality, ®Urban stability, @

Housing oriented development, ®Manufacture, (©Commercial, (0Attractive Housing

-0.395 | 2.099

-0.188
-0.819

SECA

Representative City
T, 73715 BAAL QRAbA,

27 AR NEEAA

B

@ W (Daslow ek

}

b
pul

-
}o A

3

Table 8. Score of Variances of each Representative Cities
Gwangsan-gu, Hwaseong-si, Ansan-si, Asan-si

Gwangyang-si

Seongnam-si, Suwon-si, Yongin-si
Changwon-si

Yeonsu-gu, Seongbuk-gu
Sangju-si, Gangreung-si

Jongro-gu
A
o

—

R OIgEUITRFLMEELET s ET
P B g B X XE gy 5 BN
S R Ry S N S

W i CEa G B N
T fifERzRincRdEscgy
_ _1r_ o = 7 —
wﬂ dlﬁ%odh?%?%dﬁ%edﬂ%.Q_.L%Jmﬂo»
© LR YRR T b o
= %¥EM$ Eil%7noimci; L2
I NG A ol R LB A T O R
TR A T e TRy
i R N T I TR s
T T - I - R =
¢ Sgdazieciazeriisg
N A A R JP LR iﬂo%% Py T E

D o m P TR %L.ﬂ W oAr = AF &
;z#.eo.f AT;&EEOEOiﬂoﬁoﬁJWﬂMpWﬂrﬂée_’T%
Mﬂr.,uﬂﬂﬁrﬁ%%ﬂﬂ.%%&mmﬁﬂarﬂmﬁ
X oo TR X % e = . o (R SR =

N T ool 2 oo X0 . 0N M
No I = o N o TR gy o (- T A N
T F R E RE T 2T NT LB o
oo WA BN e g
T o WHETEBA T NPT hpx W
TREWE T MY H o T
zELLERLEa mrE

S el T W
I=3zndez2]  agy
Plm g st hy e
PR R Eow o s 7
T TR =% . om = @
v N i o
T frdzrigEr q4Ez
— < Mﬂ ZT_ o._H FL EL Wﬁ o ﬂo _|/ - 1._/|

oy = ~ — of ®m 2 ™ <My
T3 M RN -4 = oo ~ M
o Rl o B g ol ~ =
B o B ool s X oy 2 & P H
® ¥ EPLTXxnaA 4
o~ o omomy oW o B
z woE B E NV oo W 9L
10& uAlﬂ‘ﬁ &H X (- A ,q.of =) E_ﬁ of s
D Tg LRy < TR
7 TRE Y os o R H Mo
v I A e - <N
o W X Ty M
™ KW E o Hod TR 3

67



A48 B A AI8H ALLE, 2017

o> Mo
>
ofy
fu
-
feorle
%
ot
ofl
-
Sl
{0

14
=

o R L o )
FlO o>
2l
fiipd
o
z
o
fd
0,
rir
)

2,
=
l
fu
oox

2l

o

o,

b

>
o
X

[as)

N
=)
poy
o
201:'
1
i
o
ox
42 oo o3
4z
o Mo
fo,
2
i

o
)
I

i
Hi

® o
o
Lo

30,
3

T
o

o
o
(1
)
5
=
e
of
:‘_I‘
0%

o

=

Ho
o,
i
oX,

i
ox Mo
J

U g <
T Mo e

oﬁﬁO&i

%0,
o H oox MU %

R
o oo 2

o )
(o
4

PR
S rlo

)
i_/(
)
(o
it
I M
rlo

o
)
Rl

T o

o
fd
Y30 X2 mid
[\]
()
S
[o7e]
i
e
H1
1
>
o
)

Lo

o

o

i
k)
L 4
[as)
Sl etk 22l

¥2
o B
L 2

Gl

o >
o
30 oo
U
s
N
N
oo
ol
ol
W
[}

BN
o2
N

o,
ofo
ox i

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

Yeonsu Jongro
79U a0
[0 Residential

Sangju Seongnam Gwangsan Gwangyang Changwon
-si -si -gu i -si

=Sl
B Industrial B Commercial

Fig. 2. Emission of GHG
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Fig. 3. Emission of GHG per Population
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Fig. 4. Use of Petroleum
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Fig. 6. Use of Electricity
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Appendix. Result of Clustering
Cluster City Characteristics
Busan(Suyoung-gu, Yeonjae-gu, Dong-rae-gu, Nam-gu, Seo-gu, Geumjung-gu, Haeundae-gu, Buk-gu, Jin-gu,
Sasang-gu, Saha-gu, Youngdo-gu), Gangwon-do(Sokcho, Donghae), Gwangju(Dong-gu, Buk-gu, Seo-gu, Nam-gu), Administrative

Jeollanam-do(Mokpo), Seoul(Nowon-gu, Gangseo-gu, Seongbuk-gu, mapo-gu, Gwanak-gu, Gangbuk-gu, Dobong-gu,
Gangdong-gu, Jungnang-gu, Gwangjin-gu, Seodaemun-gu, Dongdaemun-gu, Yangcheon-gu, Dongjak-gu, Guro-gu,
Seongdong-gu, Geumcheon-gu, Songpa-gu, Yeongdeungpo-gu, Yongsan-gu), Incheon(Yeonsu-gu, Gyeyang-gu,
Jung-gu, Nam-gu, Dong-gu, Bupyeong-gu), Daegu(Suseong-gu, Dong-gu, Nam-gu, Seo-gu), Daejeon(Dong-gu,
Jung-gu, Daedeok-gu), Gyeonggi-do(Uijeongbu, Guri, Dongducheon), Ullsan(Jung-gu), Chungcheongnam-do(Gyeryong)

districts in
Metropolitan city
and Capital city

Large scale
Administrative
2 |Daegu(Jung-gu), Busan(Jung-gu, Dong-gu), Seoul(Jongro-gu, Gangnam-gu, Seocho-gu, Jung-gu) districts in
Metropolitan city
and Capital city
Gyeongsangbuk-do(Sangju, Andong, Gumcheon, Yeongju, Mungyeong, Yeongcheon), Jeollanam-do(Naju, e
. . Administrative

3 Suncheon), Gangwon-do(Gangneung, Wonju, Sancheok, Taebaek), Chungcheonnam-do(Gongju, Boryeong, Nonsan), districts in small
Jeju-do(Jeju), Gyeongsangnam-do(Sacheon, Tongyeong, Milyang), Gyeonggi-do(Pocheon), Jeollabuk-do(iksan, .
Jeongeub, Gimjae, Namwon), Chungcheongbuk-do(Chungju, Jaecheon) scale city

Administrative
4 |Gyeonggi-do(Suwon, Yongin, Seongnam, Goyang, Gwacheon), Jeollabuk-do(Jeonju), Chungcheongbuk-do(Cheongju)| districts in large
scale city
Gyeonggi-do(Gwangmyeong, Uiwang, Gunpo, Osan, Hanam, Hwaseong, Bucheon, Anyang, Siheung, Ansan,
Pyecontack, Gimpo, Paju, icheon, Gwangju, Anseong, Yangju, Namyangju), Chungcheonnam-do(Cheonan),

5 Daegu(Buk-gu, Dalseo-gu), Daejeon(Seo-gu, Yuseong-gu), Seoul(Eunpyeong-gu), Incheon(Namdong-gu, Seo-gu), Middle scale
Gyeongsangbuk-do(Gyeongsan, Gumi, Gyeongju), Jeollabuk-do(Gunsan), Chungcheonnam-do(Asan),| industrial districts
Gyeongsangnam-do(Geojae, Gimhae, Yangsan, Jinju), Ulsan(Dong-gu, Buk-gu), Busan(Gangseo-gu), Gwangju(Gwangsan-gu),
Gangwon-do(Chuncheon), Jeju(Seoguipo)

6  |Ulsan(Nam-gu), Jeollanam-do(Yeosu, Gwangyang), Chungcheonnam-do(Seosan), Gyeongsangbuk-do(Pohang) Industrial districts

. Gyeongsangnam-do

7  |Gyeongsangnam-do(Changwon-si)

(Changwon-si)
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