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The Development of An Urban Park and Its Impact on The Energy

Consumption of Adjacent Households
: The Case of Busan Citizens Park”
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Abstract

This study aims to analyze the impacts of urban park development on the energy consumption of adjacent households.
We employ a difference-in-differences method to scrutinize these dynamics near the Busan Citizen Park that provides
a reliable setting for observing the effects before and after the establishment of the park, given its previous use as a
U.S. military site. The temporal scope of the study spans from 2011 to 2017, encompassing three years before and
after the park’s opening in 2014. With the chosen temporal and spatial settings, we construct monthly panel data on
electricity and gas energy consumption for residential complexes, along with relevant independent variables. To address
the heteroscedasticity and autocorrelation inherent in the panel data, we specifically utilize a Feasible Generalized Least
Squares approach in our difference-in-differences estimation. The empirical results revealed that the urban park led
to a reduction of 8.8% and 47% in electricity and gas energy consumption, respectively, in the neighboring residential
complexes within its sphere of influence. We postulate that this decrease in energy consumption can be attributed to the
ability of the park to lower ambient temperatures, increase humidity, and promote air circulation. These findings suggest
that urban parks can play a significant role in achieving carbon neutrality and promoting sustainable urban development.
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Table 1. Variables employed in the study

Variable Description Unit Source
Electricenergy =~ Household electrical ~ kWh ik

. ; MLIT
consumption energy consumption /month
Gas energy Household gas energy  kWh sk

: ; MLIT
consumption consumption /month
Park influence The sphere of MLIT #+*
area influence in the park Dummy Naver***
Park Before and after the
construction time of construction Dummy Naver***
year of the park
Uieik-are Exclusive private area e MLIT %+

1o apartments

Habitable room  The number of rooms Number Naver™**

The number of

Bathroom Number Naver=*

bathrooms
Estimates of the
Resident resident population by - KOS|IS*rrrk,
population unit area in the Naver****
complex

o Base year minus B
Building age construction year Year  Naver
Housing price A house sale price Mv:rlgﬁn MLIT ***
Entrance type 1* Entrance type Dummy  Naver***
Entrance R
type 2 Entrance type Dummy Naver

*1=Corridor type, 0=EV-hall share type

**1=Mixed type, 0=EV-hall share type

=k MLIT: Ministry of Land, Infrastructure, and Transport
ik Naver: Naver Portal DB

#wk KOSIS: Korean Statistical Information Service

A= FHY AABAE Eot B3] BEYE 4 ok Aol
it wetbA & AFo|A s olF RS AHste] KA UE
Yol 24Jo] of|qR] ARgo] njA= FEE ATHEon, AR
27} g ge|ng a3 fHEA S 243t o] TS &8
et
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2022; Wursten, 2018; #4 <], 2019; 479 ¥, 2015).
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< 58l ZF 71 5ol vigt 43S AAIEH AL, 84} o)A
9 A7|dEdeo) EAje] BRI, AA7NsT Uvkst 2|24
2% (Feasible Generalized Least Square Model)& 283}
Ak FGLSE B H-83 o] 5AHE 8- tha2 4] (2)9F 2t

K
Yy=a+ 5D+ B, T, + 3, D, T, + kE (‘5LX‘?M )+ € (2)
=1

e=%+o+tv (©)
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Table 2. Statistics for electrical energy variables
Parameter Unit Avg. Std. Max. Min.

Electricenergy  KWh .07 ¢ 1778 38 43760770 00384615
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Al EEZA = 1487270019 F3FA Cu|He] Hdtgt
2 0.172 A7) ] AujeF BAzLz o] u)s) 2] v]&o] of
4 A}, vhH AN Yo B2 0,498 24 Ao ¢
27} A9 2o}, FAMS AEHA HthE 75.221m*E Y
EfLt A7)0 A] AH|FF 20| TR HT thas SA] FAE
3L, OFHFE #5117} Ht 180.749F 22 AMEE| T viuf
712 B4to] 29 16005 E =& E R, A5 Fet 17
oo A 404, H4 0HCZ o]FolA] it} A2 My
A7)0 A] Axu)F ¥ 0] ¥i4=0} FUFE Cju|s== A

2. H710|Ax] 28 SR =4

A WA FHEYA = EAITYY 240] AR AR
F @) Fuidt B2 FEA1 o7& At (Table 4
€ A7oUR] vl oigh FAA T 249 98-S 24
g Ao},

A2 8 AR 399 I guld)et 2443
o W& AR v ()] AR d*e2] Argh -0.08822 +3
o] T*Hl”l %—l /40| oF 8.8%2] A71oA] A 4
o= EIRA ol 9 27%m? TR FARA] R
o] A=A 9 v|FFel E3H oltEHR|o] H]
3 Y EE oPEGA|Z}F FAMAREHe] 24 SA

Table 3. Statistics for gas energy variables
Parameter Unit Avg. Std. Max. Min.

Gasenergy KWh 067474 10756720 1636861 0.1362838

consumption /month consumption /month

Parkinfluence oy 0211 0408 1 0 Parkinfluence oo 0170 0375 ] 0

area (d) area (d)

Park Park

construction Dummy  0.463 0.498 1 0 construction Dummy  0.490 0.499 1 0

year (1) year (t)

Unit area m’ 68.557 31659 241.970 13.540 Unit area m* 75221 33459 241970 16,590

Habitable room  Number 2502 0.966 6 1 Habitable room Number 2.634 0.946 6 1

Bathroom Number  1.460 0.509 3 1 Bathroom Number  1.556 0.519 3 1

Heslgent Person 115361 255127 2022500  2.500 Bt Person 180749 340980 2022500 2,500

population population

Building age Year 14.031 13752 1 0 Building age Year  17.186 12.428 40 0

Housingprice ~ MMON 504577 89535 745 46 Housingprice  MMON o165 041 108755 750 49167
won won

Entrancetype1 Dummy  0.165 0.371 1 0 Entrancetype 1 Dummy 0.201 0.401 1 0

Entrancetype2 Dummy  0.155 0.362 1 0 Entrancetype 2 Dummy 0.268 0.443 1 0
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Table 4. An analysis of the impact of electric energy con-
sumption in Busan Citizens' Park

< 17587.26kWholtt, o] Bt Atht=2el 46402 U3
Al Z7]efu 2] Bt ARSTFE 382.33kWhE AHg T}, %17
oz AMSEF 382k Whe 271832 9F 65,7008 2.2 S35
£d),? ojujl Fo] 2A4Eo] A7]efui] *F%%‘i ok 8.8%2] I
A7) AREEES oF 348k Wh 7Hadic), 7h4dt M7)ou]
ApgaFo] didt A7 82 oF 58,5009 02 FAEo| TURA]
2o ok 7, 11099] A "o AFA el A3 4= Slct
£ A1E 59 2&% A7]1as Ay Helo] HAl A
o] A ge natd, FRIEY Fol, 23 2§45 X,
AR AET} 52 EFIsto] ALS] HuEAH O R o] 2 A3 g}
FEIZH AT R o2 s 5= ok

3. 7tA0fiX] AH[E SR EN

T A BARF oA EAEHY 240] ThAoHA] AR
F faol YU E5E FEA o958 AFHA. (Table 5

Table 5. An analysis of the impact of gas energy consump-
tion in Busan Citizens' Park

Parameter Coef. (S.E)

d 0.828(0.215)***
t -0.556(0.026)***
d*t -0.088(0.028)***
Unit area 0.014(0.000)***
Habitable room -0.389(0.016)***
Bathroom 0.550(0.017)**
Resident population 0.005(0.000)**
Building age 0.061(0.002)***
Building age® -0.002(0.000)***
Housing price 0.008(0.000)***
Entrance type 1 0.723(0.020)*+*
Entrance type 2 1.792(0.000)***
Constants 3.961(0.036)***
Time fixed effect (month) 0

Time fixed effect (year) 0
Complex fixed effect 0
Cardinal points (0]
Number of obs 25,142
Number of groups 533

Time periods 6

Wald chi?(29) 123808.76
Prob>chi® 0.000

Note: Standard errors in parentheses *=*p<0.01, *p<0.05, *p<0.1, d=Adja-
cent to Busan Citizens' Park, t=Busan Citizens' Park construction
time, d*t=In the case of houses adjacent to Busan Citizen Park after
the construction of Busan Citizen Park (2015-2017)

o] 2EAA W 378 59 3HH S A ol &
g FH oojzd A EE WAL, 3713A7E HES
e} H2}17]7]19] H7|ARERS FAaAA A7|ofuA] Aol &
ot A2t =EH A oE F4E 4 Qi

o]|2je] HEHHo|} AFRIFE, wfivf7}-E & &9 F7H 4
2} 1.4%, 0.5%, 0.8%2] AN 3718 FUshe 202 YEhd
o}, @ETE 549 A9 A4 T dib] BE4] FxoA oF
72.3%9) AMTF eSS AlA] 2 dib] 23404
°F 179.2%2] AMF A5& Fdsks A 02 EAEUE, o=
AT BEA 2 9 T3] 7241 ofutET} Ad4] o}
Eof Hlg] &7], & 59 50| Rol Yeird AE At
Wi 9o A 3 o] solde] wet A7 A ALgFel
55% Z4adhs A o2 BAESI

SHRJoR Ik Ao vR] AZHe] BHAA Adh= AT
A 71 a0 sHbsle] AmE 4= it

| & 501, 7128AFS 7152 E A7 A| 9 Hat LH[F

26 =EAE, MssH M4S (2023)

Parameter Coef. (S.E)

d 2.126(0.029)*+*
t 0.349(0.029)*
d*t -0.470(0.038)***
Area -0.006(0.000)***
Room 0.118(0.021)**
Bath 0.462(0.026)**
Resident population 0.004(0.000)***
Building age -0.026(0.003)***
Building age® -0.007(0.000)***
Housing price 0.012(0.000)***
Entrance type 1 1.279(0.038)**
Entrance type 2 0.921(0.028)**
Constants 5.860(0.048)*
Time fixed effect (month) 0

Time fixed effect (year) 0
Complex fixed effect 0
Cardinal points 0
Number of obs 12,536
Number of groups 261

Time periods 6

Wald chi?(29) 104950.55
Prob>chi? 0.000

Note: Standard errors in parentheses **p<0.01, *p<0.05, *p<0.1, d=Adja-
cent to Busan Citizens' Park, t=Busan Citizens' Park construction
time, d*t=In the case of houses adjacent to Busan Citizen Park after

the construction of Busan Citizen Park (2015-2017)



FH=X| Z40] 7H72] F7| H 7tA0lUX] AH|0f 0lx= BE

£ FARAEEe 240] QI ofES] ZhAouA] An|Eo

AXE FFE olRAEEF R 23 Afo|t, FYEH} =
8 AP A E 7Iees & ¥ Huld)eh 24418

w2 AZhE ) (0)9] AR} d* 2] Alghe —0.4702.2 e,
FAR Y] 2Ao] Fakdel 2gE olfES FhAouR|
AMEERE 47% FAAFTAL AT 4= Qlc), T 2L 2T
A7ay} ol9oe F7edA U g AsAl7lE 5t
EA8L 37) F H7t oA 2wzl digh uEAge W
opzict, o] WjEe] T2 o FHe = AYe HE7IE FAIsH
3k WA, AgHols g W78 FAAA LA &
BEE 7R ANSERS AN £ 9l ol Fa WY
NS BAZIAR Bgshe S olURARS: B4
£ 9u] gl Aon], HIEA Qor 24 9 7]g 7RA4]
07} £o0150] 0|23 At E2E AR AlmE)

7|e} We] FAXE A7 VA AMF 2] FATte}
ARG, AeHA, de, A0 A7l A|et ga] 7
2} g 9 FTRRIRE 7hNo U R] Anso] fadhs AoR A
sHe A3t yebgt), 53] A%93te] 4 23Ut edd
AEYTE 71800l AuxARgo] ik ZAos §A3 7
T 34 902019)2 W8-S Fd o), AdiA o FpAAgF
o] §& 7k ALEY 7tAoq A AMgoll= AEATEY T E
22150 o & JE n|A= Ao o]3fE 4= girt,

TURAFOR A7 7t2ofu R A7e] AR Ak FA] Al
Y 72 Q0 2 FRlste] AmE 4= 9lot

N2FAFE 71E28 7t2duA e HF LHFS
42874.74kWholtt, 015 7k~ Ralcheiol m3o 2 Shaksha
4063.96m*°] AREEITE Al B 2AHE ARSRES U
FH, A 7EAo U] Bt AR oF Sem’E =EE 4 9)
o}, o]& EHE, ¥ 7t2ouA] ALFHE AXMEY oF
51,118%0] 34 Ec}” o|u] EXAIE 285 FURYOR 7}
2o 2] AMgeFo] oF 47% FrAdHe A L2 7HEH, 7hAofy
A AMSFE Mo E FHHEY. ol 7fAaFos WS
AR 27,384 0] o] ul ¥ of 23,73499] 7kAR2F0]
Aol Zlo& AT £ 9o}, 7EAAEY] Fa oz
S0l ekl ASFHAZIA(ING)Z, 2A7EA viEe] 7438
3t YQlo = A= 9of 7k A AMgTEe] Zhat A3
AARL FEofAe] Hejut ohet F7pARI 71383 A w
a7} A Ao o &5k = gl),

4. 374 BN
2 d7oAE 3249 JFBS 0-0m7HIE A,

400-1,200mE | F2F o2 FHsle AAF=d], AdA 9
3 o/t wAisl=A] A E 7] $8] AR ZHAE St

Table 6. Robustness test of electric energy consumption

Coef (S.E)
Parameter
400m-600m 400m-800m 400m-1000m
d 0.261(0.025)"* 0.662(0.024)"* 0.7745(0.022)**
t -0.553(0.035)** -0.513(0.032)** -0.555(0.029)***
d¥t -0.175(0.030)*** -0.011(0.030)  -0.055(0.028)*

Note: Standard errors in parentheses **p<0.01, *p<0.05, *p<0.1, d=Adja-
cent to Busan Citizens' Park, t=Busan Citizens' Park construction
time, d*t=In the case of houses adjacent to Busan Citizen Park after
the construction of Busan Citizen Park (2015-2017)

Table 7. Robustness test of gas energy consumption

Coef(S.E)
Parameter
400m-600m 400m-800m  400m-1000m
d 2.224(0.047)y"* 2.316(0.039)* 2.197(0.030)***
t 1.939(0.044)y** 0.457(0.041)** 0.319(0.030)***
d*t -1.524(0.042)y** -0.457(0.044)** -0.470(0.038)***

Note: Standard errors in parentheses #*p<0.01, *p<0.05, *p<0.1, d=Adja-
cent to Busan Citizens' Park, t=Busan Citizens' Park construction
time, d*t=In the case of houses adjacent to Busan Citizen Park after
the construction of Busan Citizen Park (2015-2017)
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