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Study on the impact of perceived biodiversity on urban park visitors’ emotional

states in Shanghai. The mediating effect of restorative benefits
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Abstract: Preserving urban biodiversity is widely recognized as a vital nature-based solution that not only enhances
ecological integrity but also promotes social welfare. However, the specific mechanisms through which urban biodiversity
impacts public mental health remain underexplored. Particularly in densely populated metropolitan areas, urban parks not
only serve as essential recreational spaces for residents but also play an irreplaceable role in maintaining biodiversity,
mitigating environmental stress, and enhancing human well-being. This study focused on five typical green spaces within

four urban parks in Shanghai, examining visitors’ perceptions of biodiversity ( plants and birds) within these diverse
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environments. Structural Equation Modeling (SEM) was employed to analyze the dynamic relationships and potential causal
pathways among perceived biodiversity, perceived naturalness, restorative benefits, and emotional states ( positive and
negative ) . The findings revealed several key insights; 1) Open green spaces with water hodies (OGW ) exhibited the best
performance in terms of perceived bird diversity, positive emotions, and restorative benefits. In contrast, enclosed green
spaces (EGS) and semi-open green spaces ( SOGS) showed advantages in perceived plant diversity. 2) SEM analysis
indicated that while perceived biodiversity did not significantly influence perceived naturalness ( P>0.05), both perceived
biodiversity and naturalness significantly fostered restorative benefits, improved positive emotions, and reduced negative
emotions (P<0.05). 3) Mediation tests demonstrated that restorative benefits played a crucial mediating role between
perceived biodiversity and emotional states. Notably, perceived bird diversity ( P<0.001) exerted more significant direct
and indirect impact on emotional states compared to perceived plant diversity ( P<0.01). Based on these results, several
measures were proposed to enhance visitors’ restorative benefits and emotional well-being. For instance, urban park designs
should prioritize the incorporation of native flora and adaptive plant species to attract diverse bird populations. Creating
varied microhabitats can promote natural biodiversity growth while fostering a rich soundscape, which in turn enhances
visitors’ positive emotions and restorative experiences. Additionally, incorporating water features, such as small lakes,
fountains, or ponds, not only provides crucial resources for wildlife but also enhances the aesthetic and tranquility of the
landscape. Finally, ensuring the safety and accessibility of different green spaces through well-designed paths and
recreational facilities can increase their attractiveness and encourage frequent use by diverse visitor groups. The study
underscores the importance of integrating biodiversity into urban planning and park management practices, advocating for a
holistic approach to advance urban environmental and public health strategies. By optimizing green space design,
particularly in high-density urban areas, cities can simultaneously improve residents’ mental well-being and promote the
synergistic development of urban ecological and social benefits. These findings provide a theoretical foundation for the

planning and design of restorative urban green spaces aimed at maximizing biodiversity and human well-being.

Key Words: urban green spaces; landscape perception; biodiversity conservation; health benefits; restorative

environments
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Fig.1 Location map of the selected four urban parks
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Fig.2 Locations of study sample site
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Table 1 Specific items of each measurement scale

e i WA W Hh
Measurement category Measurement indicator Measurement category Measurement indicator
JEHIRE ) 22 R e 1314 3¢] TR S PR Ak a5 1) F A B
Perceived plant diversity THY Sk 2 ke Restorative benefits He PR
TP S HEHE PNIE 3}
JEHI 92 o R 131436 52 YA 2 R RV 3
Perceived bird diversity B2 5 2 REM: THEEIRE [40] R 25
B R 2 Emotional state T 2
SB[ SR LTS
Perceived naturalness

FIEGIHHE R RN (K 2) 78 4 DI AR T 5 24k (025 (A 2R B b R O A RUR) 5 5O Y, etk
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BT, BEZUTE S R 58.71% , Lotk 5 H 41.29% ; AR IR 254 1, LA 18—30 % 1 H AR AN 60 %7 LA &4
NAE, ZHAT AR 71.62% ; UK L ASBE LA 22T 5 70.33% , 52 5 8 ARSI KB 5 B
7T, TC T AR /BAR B B ERHA , (51 38.06% , T M FAT L3 (31.29% ) A4z (30.65% ) PiS T
FETREUAR (7 HOAR 4 5 6 S DT )% 16, B0 (31.94% ) R JET B0 (23.87% ) (932 Vi # A FOB g 2
B0 B BUR A I3 T, 1—3h 115 15 58.71% , /0 F 1h 1930 (18.39%) .

*2 BEHBSHIHER(N=310)
Table 2 Survey statistical information (N=310)

- ‘ i —— ‘ )
giﬁ?i—lfi:tical F) #ZE it fliljli?:ifi:lical F) ) it itk
nformation Category Count Percentage nformation Category Count Percentage
el 5 182 58.71 Bl MEIT# 97 31.29
Gender ° 128 41.29 Occupation T TAEE/BIRAR 118 38.06
i) LAY 92 29.68 2 95 30.65
Educational level AR E 200 64.52 LIl iR JIRZETS 55 17.74
WgEA: R L 18 5.81 Frequency of green TR 74 23.87
AR 18—25 % 66 21.29 space visits A K 99 31.94
Age 26—30 % 80 25.81 THAERR 44 14.19
31—40 % 27 8.71 JLTA 38 12.26
41—50 % 29 9.35 L QU3 TRS <lh 57 18.39
51—60 % 32 10.32 Duration of single 1—2h 99 31.94
60 % L) L 76 24.52 visit 2—3h 83 26.77
St 73 [ A i A 75 [H] 61 19.68 LR KL 71 22.90
Type of green space % ] HI&k {23 A 61 19.68 N L A 76 24.52
TFHi g 675 [B] 63 20.32 Utban park IR /N 79 25.48
?fﬁf‘;g;'ﬂ 64 20.65 PP YN 76 24.52
T R A 75 1] 61 19.68 RN 79 25.48

232 EREBERL A

T, T IR 6 A ROEHE X i R AT AR RO R 5, 45 R R i R BARZEE Cronbach’s o {24 0.702
(>0.700) , #4ESE Cronbach’s o {HAE 0.764—0.830 X[, F W5 R HAT RAFAY A AT S0, I0Ah, Sk KMO
{E 4 0.831(> 0.700) , Bartlett's BRIEZAG 46 1) i 25 MK F-341<0.001 , & ] i 3R 4% 08 A8 i W5 U 30 (K 3) L3
RS A Oy BRI — 25 (o AR AR AU SR o A B R () L5 B, T 7 S F8 bR ( XP/DF  NFI, RFT IFI
TLI,CFI . RMSEA) I G EHFES i, BRI ol 4252 (% 4), HOR, @k s W& 07 2 00
(ANOVA) F LSD 5 K50 , DAk ARl 4 o 43 [a] Hrs a1 AR ) 2RV R PERGEE A 4IRS 24 5%, e, 38
1T AMOS 26.0 FRAXIRIF G AR AR R R4 745 4 4 B e e PEVEA

®3 EEERNERE

Table 3 Questionnaire reliability and validity testing

) Bartlett's BRIEAG 56
A% KMO N Cronbach’s a
Dimensions RS df P o
Approximate Chi-Square

TR Y ZAEVE Perceived plant diversity 0.694 335.869 3.000 <0.001 0.817
TR 2 ZAEME Perceived bird diversity 0.706 361.499 3.000 <0.001 0.830
THHL 1 28 Positive emotion 0.817 485.982 10.000 <0.001 0.803
TG 4% Negative emotion 0.814 337.052 10.000 <0.001 0.764
WRIZ PERLEE Restorative benefits 0.686 815.012 28.000 <0.001 0.787
% BARYERE Overall dimensions of the scale 0.831 2991.289 300.000 <0.001 0.702

KMO : Pl 8 /R -1 IR - B R 4 AR IE B i Kaiser-Meyer-Olkin measure of sampling adequacy ;df: F FHE Degrees of freedom

http ; //www.ecologica.cn



18 4] TR A5 LT 2 B U5 B ORI AR ) AR X LS 4IRS R R A 5T 7

x4 HEHFTERRBMEELER

Table 4 Results of structural equation modeling fit indices

LA F845 Fit Indices X2/DF NFI RFI IFT TLI CFI RMSEA
A1 Fit value 1.451 0.939 0.912 0.980 0.971 0.980 0.038
S Yl [l Reference range <5.00 >0.900 >0.900 >0.900 >0.900 >0.900 <0.800

X2/DF; K {H5 B HJE L Chi-Square/Degrees of freedom ratio; NFI: F#EFL A6 %L Normed fit index ; RFI: HIXF 1 & F5 4L Relative fit index; IFI .
WA RS Incremental fit index;TLI:i’%ﬁ-iU%%ﬁ*gﬁ Tucker-Lewis index; CFI; HL UG 84X Comparative fit index; RMSEA ; IE 1 ¥ 7 AR 12 25

Root mean square error of approximation

3 ARER

3.1 ARG as [ R AE ) e R R B 4IRS 25

PRI S 2 REE I = AN P, OCW /R i ¥, o B 287 3 Z 484 3.58+0.13 (mean=SE, LA
TR SRYF Ry 3.80£0.11, B EIA LM 3.63£0.13, EGS IR Z, 1l CGS HEIAL (K 4)
LSD 540t s , 7 52575 5 2R | EGS 5 OGS . CGS 1775 & % 5 (P<0.05) ; 76 S 28 Fh ZHE1E |,
0GS 5 EGS .CGS 1 %25 , IF H SOGS 1 EGS .CGS Z [alth A3 W 25 5, e Y) Z R = A e
H1,0GS ,CGS BIMERAR, ARG 28 (BRI R 2 b & AR B i — 20 B Bl AN [R) 4 £ 2 [B) S AU 1)
AP R Z AR DL 25 22 5 (P>0.05) | T HIAE ) SO AR B0 (5 2 VAP AE 3 25 5% (P<0.05)
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JEAN A=) A6 Perceived biodiversity

4 BERAESNMARGETERMEVSHEES
Fig.4 One-Way ANOVA of differences in perceived biodiversity in various green spaces

OGS ; JT i (23 8] ; SOGS : 2 T ML 4% (4,55 6] ; CGS B Fa 4 (4 23 [A] s EGS : B A 4R (U 25 [H] ; OGW + A5 7K AR A T ¢ (25 ]

T AR 4% 25 S %F F v, OGW S4ME #5785 (19.25+0.38) ,SOGS(16.48+0.47) Fl EGS(17.33+0.41) Y2 HI4ME
BONAEIT T OGS MEHK (15.4020.49) (1K 5) . LSD /G432 00, OGW 5 Hifth I 24 45 €61, 2 [a] 76 FHA
T 457 AT AE 35 25 57 (P<0.05) . FETHMAE L 71, CGS HA T {H (12.280.31) , 5 HoAth PU K £ (6 %5 ]
AR E 2R (P<0.05) , Hk & 0GS(11.30+0.40) .SOGS(10.23+0.35) Al OGW (9.78+0.34) . 7EIKEZ M52
J71H,OGW (25.88+0.51) Fll EGS (25.10+0.37) H A & m ¥ME, HK A CGS(22.70+£0.26) Fl SOGS (24.48 +
0.37) ,/H OGW .EGS & OGS ,SOGS WXt [a] 4 & B i & £ 5% (P>0.05) ,

3.2 5B R

ZER 7 R A BR AR AT A SRR W (IR 6) |, 78 LR J7 T, JE RN AR ) 22 1 M R RN 5 208 22 B M e S
H AR BE R ™= B (P>0.05) o SRR 2 FEPE XK B 2L 25 (estimate = 0.239, P<0.01) K i1 44
(estimate =—0.159,P<0.01) fA7E 55200, JERAN 2 ZAEPE XTI S MEAK 45 (estimate =0.312,P<0.01) | R
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Fig.5 One-Way ANOVA of differences in emotional states and restorative benefits across different types of green spaces

2 (estimate =0.219, P<0.001 ) FIE M AE 2 (estimate =—0.211,P<0.001 ) SI7E7E S 5200, e Ak BT E 9K BE %)
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0.05) ¥f & HERE W,
3.3 RN

FEF bootstrap 5 HZ AL 2000 K, HE1T 95% EAF XA B A 254307, K6 50 BN A= 1) 2 i 4 R A i v
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LR BT S 28 S R A e 1 5 P AR PR S T T X AR, T AR 4 A R B A e e (R 5)

x5 HAME
Table 5 Mediating effect

221 TE 19 95% BA5 X i)

i AR fliHE PifEie Bias-corrected 95% CI
Mediating pathway Estimate SE

TBR Lower _EBR Upper P
R P P B S 2
o %ﬂ#ﬁ%%ﬁ VI’MH V)‘(E PR f Hetirs - . 0.122 0.041 0.052 0.217 <0.01
Perceived plant diversity — Restorative benefits — Positive emotion
A S M S A
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