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Impacts of green space exposure and contact on residents’ mental health. a case
study of Tianjin
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Abstract: Green spaces are essential urban infrastructure and central venues for residents’ activities, exerting a substantial
impact on residents’ mental health. Current research predominantly assesses the impact of green spaces on residents’ mental
health from a static environmental standpoint,overlooking the behaviors and perceptions of individuals within these spaces.
Moreover,the relevant influencing factors are based on quantitative indexes to measure the availability of green space,
ignoring its quality differences. Using survey data from 712 questionnaires across 24 communities in Tianjin, this study
classifies greenspace exposure into categories of passing-through and staying-within, developing corresponding measurement
methods to accurately characterize the exposure. Furthermore,the study employs a multilevel linear regression model and
mediation analysis to investigate the effects of residents’ greenspace exposure on mental health, uncovering the roles of
residents’ social interactions and physical health as mediators. In particular, this study emphasizes the differences in results
from a dynamic individual-environment interaction perspective compared to a traditional static environmental perspective.
Additionally,landscape indicators assessing spatial quality are incorporated to establish a holistic system of influencing

factors. The final results indicate that: (1) Residents’ behavior in using green space is related to the supply of green space
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around the community. Residents’ green space activities are characterized by high frequency and brief stay time in
communities with abundant green space. (2) Compared with the environmental factors, such as greening rate and green
looking ratio, the individual-environment interaction factors,such as greenspace exposure ,have a more significant impact on
residents’ mental health and provide stronger explanatory power. This indicates that the health-promoting effects of the
environment depend on individuals” actual exposure behaviors. (3) The quality of green space landscapes will affect the
extent of residents’ participation in these areas and is significantly correlated with their mental health. (4) To a certain
extent, greenspace exposure and greenspace contact influence residents’ physical health and social interaction, which in turn
further affect their mental health. Specifically, residents’ physical health serves as a mediator in the relationship between
passing-through and staying-within greenspace exposure and mental health. Residents’ social interaction levels partially
mediate the relationship between staying-within greenspace exposure and the landscape fragmentation patterns. This research
provides an innovative quantitative method to measure individuals’ actual exposure levels to green spaces, advancing the
assessment of positive environmental exposure methods. Additionally ,the study clarifies the relationship between individuals
and environment, improves the “people-oriented” influencing factor system, and provides valuable insights for health-

oriented ecological environment improvements and sustainable urban planning.

Key Words: urban green space; mental health; individual-environment interaction; green space exposure; green

space contact
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Table 1 List of typical communities in Tianjin
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A EIH/ PR X
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Table 2 Variables for greenspace exposure
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Table 3 Descriptive statistics of resident characters

251 A b BiH] ¥ R
Type Variable Instructions Average value or ratio
MW 331 AEHE 18—30 % 21.18%
Personal family attributes 30—60 % 46.42%
60 % L) I 32.40%
PES B 50.78%
ECg i 49.22%
Bl AF A Moll. 63.86%
Tk 36.14%
ZHERE W R AR 25.23%
= 30.53%
K& AR KL 44.24%
FKEELGHY 0y 12.15%
REWA 27.41%
ZOzZE 35.20%
U2 R B 25.23%
FEEH WA INF 1Tt 20.56%
1 JIoi—2 JiJt 45.79%
2 o—5 ot 29.91%
5 1ol b 3.74%
#2583 Social interaction A X A FRIC B i WUE TR 1—5 , (E8 S e KV s 2.71(0.94)
B {5 Physical health N e By A B 550 BMI) 2.60(0.51)
1733 By 184.41(104.51)
D ER{EHE Mental health PR DR B R (SWEMWBS) 25.50(4.01)
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Table 4 Sample community surrounding environment profile

IR Lt zs ] b
X 25 XJ& Built environment Green space environment
Name District A%/ #5%H S K K S S 23 1) St 2l

(NMhm?)  E/% HE BRE O RHE O BERE Bl F/9 /%

A ZIH/ 57 £ 451X A Old/ historic neighborhood

A EEAES 341.64 2667 1.60 0.09 99.43 0.16 216.57 290.00 17.52 23.20
R EEAES 490.87  18.33 1.10 0.09 99.43 0.16 222.95 164.00 17.12 24.10
NN AL 55350 21.43 1.50 0.08 98.79 0.18 267.89 578.00 17.43 24.30
P AL FIPFIX 942.60  46.00 2.30 0.00 0.00 0.02 7.74 305.00 9.16 28.60
BER X 117245 2667 1.60 0.00 0.00 0.02 10.21 155.00 9.23 28.40
P4 L FFIX 1291.94  30.00 1.80 0.09 78.87 0.12 237.69 146.00 19.23 19.40
g TV X 53471 37.50 1.50 0.09 97.89 0.13 205.70 240.00 20.35 19.10
PN X 5029.61  40.00 1.70 0.09 97.58 0.07 53.59 203.00 9.32 20.10
TH(E Mean value 1294.66  26.57 1.64 0.07 71.50 0.11 53.59 260.13 14.92 23.40
(1447.84)  (0.11) (0.32) (0.04) (41.77)  (0.06) (152.79)  (132.73)  (0.05) (0.04)

B 4Bi 454 G4/ B 4 Neighborhood near city park

BN FIFIX 185.86  11.80 2.95 0.11 435.86 0.1 329.82 243.00 38.73 19.80
THE FFFIX 254.89  41.67 1.70 0.11 435.86 0.16 399.19 150.00 36.71 21.50
y A3 FIFIX 395.05  20.00 1.20 0.10 178.51 0.14 356.79 116.00 38.54 19.20
LA TG X 1234.40 2432 1.50 0.09 234.68 0.12 248.39 178.00 22.45 23.70
LYz WK 106421 17.14 3.00 0.09 224.58 0.11 282.46 118.00 22.58 23.80
KA KL X 471.82  19.44 2.00 0.10 162.34 0.10 337.29 128.00 26.93 22.10
FAEm FTFIX 819.46  33.33 2.00 0.10 163.76 0.10 346.89 150.00 26.41 21.90
ISR TARIX 840.08  20.00 1.20 0.07 0.00 0.08 226.75 152.00 26.54 19.30
T Mean value 658.22  23.46 1.94 0.10 229.45 0.12 315.95 154.38 29.86 21.41

(361.54)  (8.98) (0.66) (0.01) (136.62)  (0.02) (5459)  (38.65)  (6.52) (1.72)

C AR5 TRl 7008 Neighborhood near shopping center

Hittt AL FFX 439.30 19.51 2.00 0.07 0.00 0.06 11.06 213.00 11.16 14.30
LA X 940.08 11.53 371 0.07 0.00 0.06 26.75 215.00 11.16 14.40
TR MR 734.40 14.63 2.50 0.00 0.00 0.08 20.50 486.00 11.05 14.50
FréHE MFEX 4829.61 6.36 1.40 0.08 97.58 0.05 33.59 193.00 12.87 19.40
il X 152061 6.67 1.20 0.08 96.90 0.05 12.34 418.00 11.92 21.60
HR U FAEs AFIX 1097.02 12.65 2.80 0.09 102.54 0.09 208.24 353.00 21.84 14.80
SRR AR K 612.38 10.42 2.50 0.09 102.24 0.09 231.57 685.00 20.92 14.50
JI Ok SAE F MPEX 1098.02  12.53 2.10 0.10 92.54 0.09 212.24 303.00 23.72 15.30
A Mean value 1408.93  11.79 2.28 0.07 61.48 0.07 94.54 358.25 15.58 16.10

(1330.27)  (3.98) (0.75) (0.03) (47.71) (0.02) (95.57) (157.58)  (5.18) (2.62)
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Fig.3 Green looking rate and average duration/frequency of passage in each community
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Table 5 Multilevel linear regression results of mental health

BUAL 1( AR S AR IR R ) B 2( { AR AME SR AR )

Model 1 (independent variable: environment system ) Model 2 (independent variable ; individual-environment interaction system )

4] Type AR i ER 0 PR 251 Type A ER1 PR

SR LA iR -3.1726 7.8313 || GRibFREE R MR 024537 0.0807

Greenspace supply Lt -6.7994 6.6995 Greenspace exposure (FEVNERE  0.2390"" 0.0777

St i T DL IR ~11.4644 117179 || SRubdsfmiR IR -7.7979 7.9005

Greenspace quality IR e -0.0031 0.0030 Greenspace contact KIS R R -0.0061 *** 0.0015
i 29.9603 * 11.1626 S 30.8734 ** 8.4747
BRI EIEE 0.0115 0.0058 LRI 0.0088 ** 0.0027
23 I PoN i3 -0.0063 ***  0.0014 =3 IIPeN d3 -0.0055 *** 0.0012

DX R BE LA YNEL)is -0.0001 0.0001 FEIX R R BT (A INEL) s ~-0.0001 0.0001

Built environment BEAEE 0.3667 1.8516 Built environment EAEE 1.5387 1.9085
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Personal family attributes 5 0.3444 0.4165 Personal family attributes P 0.3933 0.3330
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Deviance 1678.5371 Deviance 1600.3760

X% A Community count 24 X% H Community count 24

FEACR Sample size 712 FEACR Sample size 712
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&7 Sobel WIGHER
Table 7 Sobel test result

5 K256 1 Sobel test 1 K5 2 Sobel test 2

Ttems ﬁf’q’ 3 7J<f:ﬁ %fﬂz zéliré @Eﬁ’ri Tk R
SiESia TR iz TR iz Wi 2 i Wi 2%

A 3.0429 -1.9800 2.6962 9.2773 8.4337 2.1453 -3.5343

FRifEi% Standard Error 0.0168 0.0009 0.0042 0.0148 0.0049 0.0004 0.0391

P 0.0023 0.0477 0.0070 0.0000 0.0000 0.0319 0.0004
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