55 45 %55 10 1) S & 7 i Vol.45,No.10
2025 4F 5 H ACTA ECOLOGICA SINICA May, 2025

DOI: 10.20103/j.stxb.202411262906

B  FLGAE, TR T 61 XU PR, B2 AR AE. AR N PR 45 Ky XT 7 LIPS R AR 2527417, 2025, 45(10) :4681-4696.
Huang H C, Kong F H, Yin H W, Lu J, Liu H Q, Yang S Q, Li Z Y.The effect of vegetation structures on soundscapes in a pocket park.Acta Ecologica
Sinica,2025,45(10) :4681-4696.

1 5% 2 Bl 48 3 45 A X 75 == W 1R 0 /O 22 i

FeAR LERDT  FEA E A M RR, My a  FRE!
1 MR E I S PR A4 e B At 210023
2 PR KA T LRI 24 e R 5T 210093

FEE : DIBAATR S5 X 7 S O P 5 i A R g PR B 9 2 [0 A S DA I Tl 7o e o f . SR, SR AL B 45 A o 2 WP B 35 1 32
NP SR N ) RGP SE . AR R AT HE T A8 A FE A ), )P R0t R 7 AR BN Tl DI AR A = 508 A8 AT = A 25 40 1R
T 5 3% 1A Tl PR B8 7 8 0005 S A A I P R s 3 B TR, 308 ok 22 e TR VA ) A s A 8 4505 7 T B 22 [ 1 32 5 0
KRBT, M BE LR AR W] RE TR 1 P AR X B B F SHAP ( SHapley Additive exPlanations ) 23 M8 5% 23 el Fi 45 k%t 2% WL 75
SRR RS ETAE BE AR S5 SR R L (1) IZ A RS 738 BESE R 0.45—6.80, 25 ) 57 T PR 4058 5 (2) FEARBE L5 4 75 Thg , i Tfl
FUSEC(LAT) FBHIEE (D, ) BBV, ) FNoeh 2 15 BE (H) X5 2 0075 PR 58RI 320075 67 18 B e 8 A IE MR (3) B E Y
Ak 485 ¥4 BB 105 30 3 11 55 2 S R 7R AN S A 1 SR 75 DORT IR 0 I 05, T B T R 6738 8, TF X ARG T D48 A gk
SEFT PR ISR S R R S R R 2 B 1T DA A O AR o 5 A A T B RS IR G (R R B S AT A B AR AT AR T R
1A% el PR A2 0 Jm B 4 R 2 Ak Al | [ B Ry i 3 2 el 7 500 S 4R TH A AR S 4R 1 1 38 S8

FEHEIE AN 75 5o AR 45 5 7 2 AL

The effect of vegetation structures on soundscapes in a pocket park

HUANG Hanchun', KONG Fanhua'" *, YIN Haiwei’, LU Jian', LIU Hongqing', YANG Shaoqi', LI Zhenya'
1 Department of Geography and Ocean Science, Nanjing University, Nanjing 210023, China

2 Department of Architecture and Urban Planning, Nanjing University, Nanjing 210093, China

Abstract: Understanding how different types of vegetation structures influence soundscapes is crucial for effectively
managing vegetation in urban environments, to enhance the overall quality of urban soundscapes. Despite this, relatively few
studies have explored the impact that structural characteristics of vegetation have on acoustic environments and how these
characteristics might influence sound perception. This study takes a pocket park located in Nanjing as a case study, using
handheld LiDAR technology to collect detailed point cloud data of the vegetation in the park. These data are analyzed to
calculate various three-dimensional vegetation structural parameters, which describe environmental parameters in the park.
Additionally, sound recorders were employed to record the sounds of the pocket park, and these sound data were further
processed to calculate key acoustic indices and to evaluate the acoustic comfort experienced by park visitors. A multiple
linear regression model was developed to explore the relationship between the measured acoustic indices and the subjective
evaluation of acoustic comfort. Furthermore, a random forest regression model was employed to investigate the influence of
different vegetation structures on both the objective acoustic indices and the subjective acoustic comfort. We used relative
importance analysis and SHAP ( SHapley Additive exPlanations) analysis to better understand the relationships between the

variables and their contributions to the overall soundscape quality. The findings from this study showed that: (1) the level
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of acoustic comfort in the park exhibited significant spatial variation, ranging from 0.45 to 6. 80, highlighting the
heterogeneity in the sound environment across different areas of the park; (2) key vegetation structural attributes, including
the leaf area index (LAI), canopy density (D,), trunk volume (V,), and canopy height (H), were found to have a
positive influence on both the objective acoustic environment and the subjective sense of acoustic comfort, as they
contributed to noise reduction and the enhancement of natural sounds; and (3) more diverse vegetation structures were
shown to improve the overall acoustic environment by reducing unwanted traffic noise and promoting the presence of natural
sounds, which further enhanced the subjective sense of acoustic comfort for park visitors. This study highlights the important
role that dominant vegetation structures play in determining the quality of the acoustic environment and, influencing
soundscape perception in urban green spaces. These findings provide valuable insights that can assist urban planners and
policymakers in making more informed decisions about how to design and manage park spaces strategically, ultimately
improving park soundscapes and enhancing the public’s experience of urban environments through better vegetation

management and planning.

Key Words: pocket park; soundscape; vegetation structure; acoustic index
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Fig.1 Overview of the study area and background sound pressure level in the park
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Table 1  Acoustic index and description
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Table 2 Environmental parameters and description
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Fig.2 Environmental parameter correlation heat map
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Table 3 Results of park environmental parameters

kgt

Summary statistics D./% d./m H/m 5 Fr% V,/m3 LAI FHD
Y Mean 66.20 24.92 8.65 6.86 94.27 1.24 5.60 1.55
FrifE2E Standard deviation 31.90 11.18 3.46 3.37 2.87 0.69 3.55 0.48
#iz/IMA Minimum 0.00 10.00 0.00 2.15 86.19 0.00 0.01 0.00
e KAE Maximum 100.00 40.00 17.59 16.01 100.00 4.59 17.07 2.49
S iEL Quantile 25% 42.50 10.00 6.56 4.30 92.26 0.72 3.04 1.36

50% 76.00 20.00 9.02 5.93 94.49 1.12 5.41 1.63

75% 94.74 30.00 10.92 8.63 96.29 1.63 7.60 1.88

TR PN S DX T R A 25 A 1) S S 0 el 7 BB R B I s s () S I (B 3) o AT Y
X3 NDSI 55 KAE K -0.23 , RIS FIRAR LA A oy 325, B RS20 bel 18 B8 3 ELRR B2 |-, SPL FifiE PR B 1Y
FERTVRL /)N « 7658 VT 3 % 1 W0 57 b 3 185 AT 35 61. 2dBA , 1M1 78 G 25 38 % 1 Wi 5 7 b R i 37.8dBA.,
ACI AEL NP 1 NDSI J0J 52 30 14 bifi 2 55 308 3 g 3 T imii 3 a4 0 i 30 38 B B ACT SRR AN | e /MA
S} 553,72, T 3% 55 38 B B ACT BEARIR A Fe B R 647.77 . AT FBEIE I 0] b, 7 248 hm . S 30 s AN 2 1)
A3 X5 PAT B T 1) A TR AR Y S A G

PR e W srgasa N TS E;ﬁzﬁﬁ
O N Ay o N
- TSR — , £ o B 647.77
A ke 5 1: 553.72
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|
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Fig.3 Spatial distribution of park acoustic index
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Fig.4 Results of relative importance analysis of acoustic indicators
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Fig.5 Results of SHAP analysis of acoustic indicators

2 M [ RY BEAS B AT M A el R P T3 B . T Ao A 2 T 75 4738 4 1) 22 Jn 2k [l A AR AR (85X 3,
R*>=0.621( Sig.<0.001) ,RSME=1.098) ;
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Table 4 Results of multiple linear regression model
b AL R R peifERR 2 FrifE 2 4L . J5 2B 5
Y . L . S
Unstandardized Standard Standard . Sig. Variance inflation
Model . .. t ratio
coefficients error coefficient factor
H f Constant -13.984 6.716 -2.082 0.038
75 4% Sound pressure level -0.160 0.021 -0.421 -7.711 0.000 3.210
%4 Number of Peaks -0.008 0.010 -0.034 -0.825 0.410 1.823
7 2E 5] BEFR N Acoustic evenness index 7.716 2.431 0.112 3.174 0.002 1.346
7R IR EEFR B Acoustic complexity index 0.033 0.011 0.197 3.076 0.002 4.440
I — Al 22 S P SR A
Normalized difference soundscape index 2918 0.427 0.269 6-839 0000 1.670
x5 KREWIE
Table 5 Residual verification
A 5 o {8 bR E 5% HEA G TE FZBrE 5%
Sample 1D Predicted value Actual value Residual Sample 1D Predicted value Actual value Residual
14 3.02 2.57 -0.45 104 4.92 5.39 0.47
20 5.36 5.87 0.51 192 6.05 6.13 0.08
27 4.72 4.04 -0.68 291 5.59 5.74 0.15
B ATE | =
FE A IE I = —13.984-0.160XSPL—0.008 X NP+7.716 X AEI+0.033X ACI+2.918 XNDSI (3)

i ek 2R, ACT AET A1 NDSI 22507051120 0.033 .7.716 .2.918 , 37 Jy TE %k, 2 W =3 X1 75 6738 BE A 1F 1)
oM, AR Tk — A

YERT ;T SPL 1 NP 19 25043 5128 -0.160 . —0.008 , % 75 £ 38 5 7 A= 17 1]
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Fig.6  Spatial distribution and results of influencing factors analysis of acoustic comfort
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