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Analysis of Soundscape Characteristics of Urban Park Using Acoustic Indices
- A Case Study of Namsan Urban Natural Park, Seoul -
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ABSTRACT

The bioacoustics generated in urban parks contribute to the overall sound diversity of a city, creating a

harmonious acoustic environment and maintaining the balance of the soundscape. However, due to the rapid

urbanization process, the acoustic environment in urban parks is continuously deteriorating due to increased

noise. In this study, we present an approach to monitoring the acoustic environment of urban parks by analyzing

the soundscape of Namsan Urban Natural Park in Seoul. Acoustic data were collected continuously for one

month from August 2021 in four facility districts of the study site using autonomous recording units, and a total

of 2,784 hours of sound material were obtained. We also compared soundscape characteristics over time in each

district using acoustic indices (ACI, ADI, BI, NDSI) representing soundscape complexity, acoustic diversity,

degree of bioacoustics, and anthropogenic disturbance. The results showed that acoustic indices related to

bioacoustics varied between districts, but most indices showed similar variation patterns due to the influence

of anthropogenic sounds. In particular, regional differences closed during periods of high bird activity but not

during periods of high human activity. We suggest that considering both acoustic characteristics and multiple

acoustic indices is necessary for managing the soundscape of urban parks. The results of this study are expected

to provide essential data for assessing the health of urban ecosystems based on soundscapes and to be used for

monitoring the acoustic environment of urban parks.

KEY WORDS: SOUNDSCAPE ECOLOGY, ACOUSTIC MONITORING, ACOUSTIC ENVIRONMENT
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AR e A o] &3FFA(acoustic environment)S FFH 9
g U e AR Aejeh Yae] U gt 2
AT-Eeetd] @4o = iE WARh 2xel® S ElthMarler
and Slabberkoorn, 2004; Barber et al., 2010). ©]<} thx% o
2 AR QRS ofs) wayet 713 A5, vl
7) del 1A AES 5 A91HQl 20| FF ol et
(Raimbault and Dubois, 2005; Botteldooren et al., 2006).
LAY gyl QHRTE ofye} EAES AR °FY
7;3:E _’_1 h;]. i=5=4 _U_E/\Og 1;0 /\,:q 7]‘E§ ogH
HETO] oAES wetsto] Al o], WA g5, 24
A Aol B3t RS west=d FofE doxltt
(Slabbekoorn and Peet, 2003; Parris and Schneider, 2009;
Hoskin and Goosem, 2010).

AREEAA o] Z(soundscape)i= UZF 7R E= o] QI
Ash= 191A S, el “}EOM g, 1At A4
Aol A ARt 2E|E EZetshe S onlshH, ot
7F 54 S2E0lA oy a7t A= le1 FATA
3ltH(Krause, 1987; Schafer, 1993; Pijanowski ef al., 2011a).
ALARYE A o] AREEAA 0| L= AEF Alolo] B AEF

3 817 7 e aige] Ane F4E0] Yol B
HAUZS olafsl=t] %83 Q4o|CHFarina, 2014). &
3l, SPEEEOA el ST, A4, WA B, T80
wolo] srrom AgEo] A FaT ofErg i}
(Bradbury and Vehrencamp, 1998). Z|Z Ayefjs} Holol A=
4e)9] 3RS ANslel Bake AHT WS 32
o] 7usto] shABkIA} Sh ARSE Aol Alefato]
NEA F= 9 tHSueur and Farina, 2015).
ARS-E2A|0] 9] S-9](sound source)S A A A A
2], AEsH &, AEdshd ade YEatEal o
Z¥Z} anthrophony, biophony, geophony® T 3l1l lch
(Krause, 2008; Krause, 2016). A-EA7]|o]3 AJE]S}o]| A]
L AeEAAo|TE FAat 20 28 7 AT}
AT et Ao &34 W3S g gtH(Pijanowski et
al, 2011a; 2011b). o= oJ5) o] zjelo] SBAL E Ao
B2 4 ol SoF BUE o] AHGTR Qlov], SaF 14
Hi} AAAI5}] AFQLEAA 0| EAS BAFT QJu}l. e
ATEL ofefa ARLEAA Ol SHE ARt HE
=7 Weh g, Azte] gt JF 5 A A Fztol it
FAYE Algshe ARE F53kL 9 th(Sanchez-Giraldo
et al., 2021; Schoeman et al., 2022). Krause (1987)= AR&E
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20| 7t ABEANA ol 7Hsd SF A9)acoustic

niche)E A Za}7] 2o A73 HHAL5:E Ag] Ay

A7) Zwks d o] ZHEA 9k Aolek ek
ESE Pijanowski ef al. (2011b)& AFEEAA 0] A&
$o) 2jst AEsl 2els gesiold ABCope) sl
& SAa 5 ok Assiack

EASEE A=A HolAd o A g A4
A 7%= Alsto] ookt Aol *“ﬂo} U FKto]
oh AL G190l 48o] AuHol ATt £ AT
ST AESFE A Aue] S P ZAsT
£33 2g 8 Thao] ARREAA 0|2 #E [-AI5)

ZthBenocci et al., 2021). 213 =A7| e} Q227
2 oI5 Q17te] o] HIHG A HA] EA|FYPC R W
A20] N&AX o7 991l 9JtiVan Renterghem ef al.,
2020; Uebel ef al.,, 2022). o] 20| W21} ATHE A=
&% 250 WS oplete] A AT AAS 2
Adot= g acloz 283 4~ QltiBenocci et al.,
2021). weba] A7 =ABEAE 2451 A=
ZAF oA 5 HUE G S sl 24 WgkE 9
o et otk

o|2|3k FoAel FEsto] 2T FeollM= =AY A
£ W EA3ele] 2o B70) ARt ped Aes
/\74101401] 03 PR Ak E/\]’%‘FHZHPJ e

FE AR Atso] o4 o] FoFthHao et al., 2021;
Zhao et al., 2022; Latifi et al., 2023). == t}ofst x|
ol AR BUE PR, ol WIS Q1914 Ei
747 Q13 ApAe] Bl AL FAoE A7EY
t}. Ki and Sung (2014)& T&E2 Q-] o} 2e1 7] ]
o) ARAleh= BN (Rana dybowskii) o] 24| 7t
Selulgh Ajols BAIs}ol Q191 Ago] BT WA
o] g v £ &S Flskth Ki and Cho
Q014 9ga) 9 #1291} 2HA(Parus major))
A g A 7 GRS RSk, AelRle]
s WAool U £7] Al RS SHelslo
QA9 Relo] Z5olA DAL Fake Ausiac). olef
o] oA a5t wE A7 F7sHEA A

SE2Fo| AEjst Hofo] Tjgk Tlo] obxm Qlet.
ShAT EAAEA 25 oA 6‘E°ﬂ we g
AEES BE3te] BATAY AFLEAT )L G B4

g ATE 27] SRl AAolck

ARQEAA o) BHE BA| Al 2L T
SHe 2910 SRt Aubd WAl wlofsla, B 3
L At 4= 9l 83F Balo] & Q35lt(Villanueva-Rivera

*’ﬁ

et al., 2011). ZAEZ 0] &F BEAHO HEI} = 28k
g 29 HHs0] SUS HRAL A4 Szl U]

=5 2Rlste] st WAle s A5t Bertin-Mahieux
et al., 2011). Z12u} o|27k AW 24 7He] oA
zpo], A A4 HEo® Qg @i F 5 oy EANE
AT} AREEAA 0] Folo] HAAEE ol &
AEE A, A=) BAE wk AuHold
A ABEOR BAs| 98 SRS Aste] A
Q(Wilford et al, 2021). SER|2 EA S BpA| A HHAY
g 225 s e, & oy o—i THEsto] AREE
iﬂlolig St AM-El= A Ao th(Sueur
et al., 2014; Towsey et al., 2014). A=A 0|32 AJef st
Bolol i oz $3A42 B9 tae] STARERY
298 BEHOR BRI, ALEAAE BHE B2
sto] o] 7|Hto e AETSA 54, st BUE Y
5 ol 2l 28012 900

2 AT e SHFATE F9l
EfRSL, AR Aol

& AXFA Sk ol 94
—4 47 AR HFFA T B E l:rL, AT,
o4 S RUERS AxsRon, e &
7}2] 28F2]4ACL, ADI, BI, NDSI)—% Aaslor}. o]
G HAOAE AR 9 A0SR A E
Fapeh AZE #sto] whE AVEA|FE e A4Sk, A
207 W 94 22 wAT BT A0S A,
B3 7} A AAE BlaLsto] EAFHolA] BESF
Qs 4] wiste] WgAo] BE SUHNSE EEet
SO S EUE ol ARt Ale Aekekd
ol EAIBU SES BT 4 o AR
e E)o] Ao R H3 = TA A=A 0]T 24
2 Heo 718 Aow 7|E.
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1. E7iax|

2 AFoAE T TARSA] FE QhoflA Ao $174%h
AT AREESA 0| B4 ApolE RA87] Sl A=Al
A EARIAE U] 47 Ao 2 BUEE HHlE A
A5} ehFigure 1). @4t EAIAFAS-AQ270m)> HA| H
Zo] oF 290 hao|il o] F AFX|7} 84%9] 7HY =2 H|&R
38kl Qlow, 1 o) =X|rf 2 7|ek Aldo] U] vl
= AXstaL Qlok JA EARAFHE A, FEA]
T PRI, YAl SEAFR FHEEE A Yo] FH9
AEA AASFeR E28taL Stk o]5 AFe= A
A, AEA Y, AR, 52 i ZE EXolg 77 1t

E
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Figure 1. Map showing the study area and sampling sites: (A) is Yejang District, (B) is Jangchung District,
(C) is Hoehyeon District, and (D) is Hannam District.

Hle 9 @] FJol7} olrk EF WA EARATUL A&
A WRTee] A A5t TUwEO] A x| o]
BT QYOA FAlo] =R Zo A A 713
7} o grolek weha Al EAR AR YL Thel 37
QoA 7t AE e AFLEAA 0|z Exo] Lehd
2 9lo} A5 wlas} AT Errow wekE

(mono) A d o] MEY Fak4= 24,000 Hz, Zd o] =S(gain)
18 dBZ2 AA3s}a 16 bite] wav Al o2 A5 o,
200 A7 A0 AAste] 1417 THele] SRR
7F SRS Al AR B4 15 0’ F
Azt AJ7bol| WHEsto] viE 2|9} w27t EE WISkt
o|& Qlaff ZF A|Fufr; AR Fo] WAAE EUA] 0 T
A ggF atol7p WAEtg o B A-toll A= Z2 ATt
Al g ] B whgsto] AR Bl wstarat
Sholet. wheba] m3Al7ke] AX[SHA] Qb= AbRe A|9] st
T 2,784A710] SFARE IS5

N
olo
ook
I
I

LIE™ A

o] 7 A7 S BT 20214 89 192
89 319744 vk Rtk QAT B0 ARE U
517] 9Ish wE Aol AT omni-directional) Tl 3 oapx|a s
A7} A= A% (autonomous) 5-27H|(Song Meter
Mini; Wildlife Acoustics, Inc., Maynard, MA)E %-l3}7 = S
o] &3t w23t = AR YA SR g5 = ZEHIL Q= SFATE o]&sto] FAal BAIRA S
= 9l of Ikm 7HA o= Z53F AgE FaL vix|si3l e A0 7} A5 ARRELA o] EAS R4S S
o, AW RHE zo] Lsmof| LASIYTE w558 hes fm TR ARREAA O] AtollA] 1 FAof whet gt

M I:Ilo

Of

317 AarE] 3L QT Wilford ef al., 2021). A=A 2]l
biophony & £H T e SRASE BT o
WALS et & glo] AlETieby BAER TEHT
Qlth(Pijanowski et al., 2011b; Rajan et al., 2019). E3,



409 Ao .

fd
O

i
ot

=3 A el eks] A] 38(4) 2024

TAgH 2 AY fE AqtolA=
anthrophony & 4 02 3t SYA|FE Foll EA1 AR
ExAolzo| n|2]= YA wghE EAskaL Ylck(Joo et
al., 2011). 2 dA7Lof| 4= biophony2} anthrophony 2] E4]
2 BolFE SRS Adeka, 49 B4 AELEIY)
Q] Kaleidoscope Pro (Wildlife Acoustics, Inc., Maynard,
NAYE Z83tel 2 2|49 ghe ArEsheck

AREEAA 0= B4 AlTte] whet MY sjE o] Aol &
Bl weba] ekl wjnls 9 Z50) S weiE A7)
FEslo] 2YNSE HBcha vwslg. ZFE S
4 7] 2S(circadian rhythm)o] w2} A1} &
AZbol| go] F7ksk= A= defA lth(Hutchinson,
2002; Berg et al., 2006; Dalziell and Cockburn, 2008).
HEA) ZRAAIAE T4 EE Tefstel 279 A5
o] T AF ARE ZAE AR AL A oIt
(Lee et al.,, 2010). 3}, 2 AF7|7E vlju|Fo) =5 ¥4
AR A7)0l B2 &34 o] HRIET} ol A3 A
ZFoll FFe & 5 Sk 53], BAA A minlFe dE
25498 ARt} Ao FEFH AOE LelA Yot
(Kim and Ki, 2018). webs] U&=} A& 250 ghaff HAgst
aelg wAjstel juR gaelst tha Augel F7t
AT AlQlste] minF E54do] FEFE 29 o US
Role. Uolrh 222) A 9 BE AAHE YA
o Zofl ARHAQl AE5ake S0 WS = s
At oo & dAtoA= QIXF ! BETES ke
24X1710:00-23:50) 7 A2 S THAT B A 3
ZFA17H05:00-08:00), && 32 7H17:00-20:00) 0. 2 EX4
AR T
1) SSETE X

SFEZE 243 (Acoustic Complexity Index; ACID+= 4
2] A71E ol&sto] AE ]9} QA el 22 A
Apol& Qlef Uehhs AREEAA o)L MEAS sl
= L3Fx|4o|th(Pieretti ef al., 2011). ACI+= 2] (1)1} 2]
@9 ARTHOR

(D dk:|]}e_]k+l|

ACL Aol A WA SFARE AN Fab &
(frequency bin)of| w2} &% A8 E 2 Tl (spectrogram)

o= Wt} agf A|7] FROR o]FolRl YE L2 E W=
o} 3 T Fukae JEER Y Y QIS AA &
A7 GH(Ls Iy 1) ZFole] AHZNd, )& e o71A [+
QA AZro A AR REgE DAAZE 74 F EHA
Ao A ARt ] A|719] & ofu|gith npxafo =
AA| =5 AtellA AR s A A7) gE Zpole] duigh
TAE 2 Al719 TR Lro] 4RSSt ACIE 4
O] A= ¥ I Qlo] R0 4] EHE 2= S
o] wo] A= =2 1o 1 oIt Bradfer-Lawrence
et al, 2019). ACI Akks 918 ARERE A Tt tfo &2
0 HzE¥ Zo 11,000 HzoH, 4 A AEA7FS 5282
dgstich

23F}FA A4 (Acoustic Diversity Index; ADD+= A2

=
ExAo|ZE A=+ S AYst 5% 7Y

Rivera et al., 2011). ADI+= AHEZ o7 M3y 23
ARE T JEOoR Wl YAl ool & A7t
Ve Fakd diele] 29 42 ol A4 Fukg ool
M= ] =8 4= BleS AEsto] g s Akt
o g AETIAY SAHoNA HHEAOoR ARREH=
Shannon-Weaver *|4(Shannon and Weaver, 1949)¢] 7|9t
ek 2 (3)= Sl A

(3)  ADI=) pnp,

i=1

A71A s= AA| Tk Y 5, pe WA Tk o
o o= thn] WA Tt tf o] S 4 HleS UERd:
ADI= 342 0] A Fub oo AA 429 A7)
2327} 45845 =2 HS 2X=tl(Bradfer-Lawrence et
al., 2019). ADI AAks flsf Fubap tfo &2 0 Hz R
24| 11,000 Hz7bA] AML319ITh Eot Zubaag]elL 1,000
Hz 9l Baeha, 27 A7) AAGEE AEE0) $84
2% oz B ABATE Fisto] -50 dBRE A
A3t thMachado et al., 2017).

3)

AE-LS-3F%|4>(Bioacoustic Index; BI)= AEQ] A7}
P Qs Faie thelS Tejelol AEGT] FHES
e Boelman et al., 2007). Bl ZA| a3t g oo
A Hz zeIRT 2 e 2 gele] AuEg 34
olef W7 gto gz AAStHBoelman et al., 2007). Bl &

0=

=3 X+

- g
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2P A717F Z ]l Fubas ) 24 ok oo 2 A
0|7} 242 L=tl(Bradfer-Lawrence ef al., 2019). BI A At
o AgE i ool e alubxel AR 2ele] Fu
oz 4zl 2,000 Hzol Al 5E 11,000 Hz7kA] 9] Zh-e
ALE-31 tH(Devos, 2016; Brownlie et al., 2020).

4) st AR2EAFA O X[

A3} AFEEAFA o] X]4(Normalized Difference
Soundscape Index; NDSI)L 235140 A st AE2F
of that A4 axel9 Hl&E wofste] o5 S 7t o+
o epfe X]ﬁO]EHKasten et al., 2012). NDSI:= A
AHEZ WX (power spectral density) ZE87; A& =3
Tk tf o] 4 o|yA] e ot B S2EE
Aot B aPef A a2l BiE Akl o] A
= A DE ARESE] AL

B —a

@) NDSI= o

A7 aft B= 27t 21914 4222 anthrophony<} A=
] 2221l biophonye]] sfgsh= o]0} gH4te]ct. NDSI=
15E 1470] ghe] WelE A, 1o] ZpkesE 219l
42 Wgol A & ou|gith. NDSI Aktel] ARg3t
anthrophony 3} O] &Z2 1,000 4 2,000 Hz9] 72

0]-83}1 2.1, biophony FI<== 2,0000)|4] 11,000 Hz7}4]

o] HQ| 7k AFR5FItHGage et al., 2001; Kasten et al.,
2012).

1. 24Nt S

oto| Sax|4 WS Zit

AP ZARA Y] B
24A17F HE J]]lﬂ—% =3} tH(Figure 2). ACIL, ADI, 12
T NDSI Zhe mE 2|74 AHAEE A ©(0:00~12:00)7}
A A& 0w *‘7}0}0113} 53], mjn]F 9 2Fel ol
=eadE Y AEFY Eeo] 7 2ddt 4= E'Eﬂoﬂ
WS &g S7F8ITE o]F NDSI= thA] fil4e= 3
adhe fele H3ou ACI9F ADI= YA 2 B0 ]
UATH7F 18A1 0| st AoFS HAlH 53], ADI=
AT AZE Bgo] wE o] Marh fAfskglon, o
Aol 8| A 7+ 2po| & Ao ® 7 A}l ol
biophony ©] @aFEE ofuje} Q50| F7FstHA Ald
ATt QR BAGlo] FARY] AREA QL S7F thef/dol 57t
H Ante e ACKE AH AL ADIQF FARRE 73
o2 Holtr} SA] o] %R E 2| 7k Zpol7t HAF AR
T AIE oA 9] Anthrophony= Ao =8 7t

Z5A HASHAIE e F Lo WA ES 7HR|AL

Aol dish 2t S@dAE

ACI I |
2500 1 AN
2.0
2000 1 18
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Figure 2. Comparison of diel patterns (24 hours) in mean acoustic indices for each site. The shaded zones, T1 and
T2, represent biological chorus at dawn (05:00-08:00) and dusk (17:00-20:00), respectively.
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%471 wjiZell biophony+= A o= 7HAAQl EAS H
Wo| Ho]FEtKWiley and Richards, 1978; Blake and
Cross, 2015). o]t 29 EA4Z 1afstd EXo]§ 4
Exjn)s oot 2o F7A aQlo] o5} A\ Tatck A|u)A
o8 st aP|o FR7F 9k ACL Zpo|& vhaold A
© =2 Holth NDSIE ADI, ACI2} 27 ael& SA151% 0
U AR vk E ARE Ho| 7P gol TR S4o]
A& 5S YEt Bl & SRl vls A+
k7P 2 Zolg Hlth ditks A tolA 0572 AR
Aastglout A E = Aolstaitt. £3], 4.2(12:00)
o= A= ) 124%714] HAPE e A5 2F A
=3 WA Zol7t S-S el

S AE TR 1HPS o, FAF =AM
TUL WEZ Ao Fagt Frto s ddEc) Ak

= Aol Al ACT gho] &4 vehd Al BE9 &5
o] gt Y = & Axtell &3hth of2gt AIZHA
9 ¥l Bradfer-Lawrence et al. (2019)9] d=Lof| A val
2 ACI glo] ABE 710] A Sk S viRint
= A& s, dat ZARRA S Ho] B Ao A
AES AAle Zast 28 =X9& HojErh A47|3t
&<k BI 2t AfE A|ztfo] =7 Uebytt). Latifi er al.
(2023)0]] WEH ZAIFUA =2 Bl 2 B89 o
4 E FRE ST AL A9l olegt ks &
o, FAF EAIRATY Ao Yehd et eSS
G5 date] ookt AEo] AAlstar QS Telsal
Utk E3h F7AZEe] BE AE7F 02k & NDSI glo|
ZH AE FolAE 1T 4= SIStk o= FAk EAR

o] biophony A Hlgo] =& ARREAA 0] 54
ZEa ok AL Ynlst, BEo] EAoA oplEE
AAAR 758kl Qg Kot Leu BAE =
Y=g 7HAAL Qlo] Fopgh B QItekEo] mif-
25}7] wjZoll anthrophony7} FTth 2] = gho] Ay gtct
(Sueur et al., 2014). o|2]gt AT= =2 A7|9 s
ZHA|AL Q7] wiZel TAls-ell AEH o r f-dEThH A
EZoA oF93RS £ 4~ tkSlabbekoorn and Peet, 2003;
Parris and Schneider, 2009). w2bx] 7] 23174 2y
Hgs Sl BAlSHol nlX]= 9F |9 ik melst
i, o] A 9 A 4= Q= A E AR TR
ok WA F a7t ik

A S]olA Y] A Ak dat EAIRFAE o] §
O] A&H =4 FYoE S5l A= o e S8
ZHA AL Qlth= A& Bl o] dal AR E-Y
ZF AR W] EAA, 4] 5 EAJol8 53 Zpolo
O3t o= wetHEh EXolg {3 AN Ak,
OREE AAA], QIS Fol WREC] Qo] AR tE

b

re M
of

rO
-

e o 1o o

=de A (Kang, 2006). dAF AR S A9 ZF
AR 554019 2o A4 A=J(HH 1km) ol A
AREEAA 0| Aol Pk = EXOE 139 WA}
Hl&o] 274 o A3 2RI 4= QSithTable 1). 53],
LAl wet F7tske g A4S anthrophony & o]
YA A A ARREAA O] Ao =E felo] H 4=
ITHDe Coensel et al., 2005). FEA| 7= FAF AR F
Ak A7} A o] ot AAR Ee9] T} 23y
m, 3 QFOR tiFuE LR} 7FREA|=2 0 ek 3|dA|
ol 3 WHE ddte dsus =29 471 9lon,
e 20} 3 E4AB T EHE Y Y27t A5k Sl
AT e gTt AWkl diRSEE 9 35 EE)
A wazzE A YRt ARFEdEe] 2 A1
of &3teh mpAUre® oA HAH T EE Y] ZY=7t
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Table 1. The area and percentage of land-use type at each
site identified in the national digital topographic
map and Seoul biotope map.

Site Land-use type  Area (ha) Ratio (%)
Traffic facility 57.83 18.4
Residential 25.36 8.1
Jangchung ;
Commercial 12.51 4.0
Green space 191.85 61.1
Traffic facility 78.83 25.1
Residential 31.70 10.1
Hoehyeon -
Commercial 30.10 9.6
Green space 139.87 44.5
Traffic facility 81.20 25.8
Residential 55.31 17.6
Hannam -
Commercial 22.92 7.3
Green space 131.75 42.0
Traffic facility 81.58 26.0
. Residential 14.19 4.5
Yejang -
Commercial 77.86 24.8
Green space 120.98 38.5
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Figure 3. Box plots of the mean value for acoustic indices in each site. (A) is result of biological chorus at dawn,

and (B) is result of chorus at dusk.
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