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ABSTRACT

In response to rapid urban environmental changes, such as impacts due to climate change and an aging
society, the paradigm of healthy cities has been spreading globally. In this vein, many cities have emphasized
the integration of residential, commercial, and green spaces to create self-sufficient living areas based on the
concept of walkable environments. In spatial restructuring through urban renewal and regeneration projects,

the role of open spaces and green areas has been consistently emphasized to enhance residents” social capital.

To| =R YR(ISY YRS While numerous studies have explored the relationship between green spaces and individual health, there has
O] MHOR STl AIUS been limited attention to the structural relationship of how various types of urban green spaces influence
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health outcomes, particularly when mediated by individual social capital. This study addresses this gap by
conducting an empirical analysis using Structural Equation Modeling (SEM) based on an online survey of

1,000 residents in Seoul, South Korea. To account for multifaceted urban green environments, this study

1 A - A 720 DRl TEE employed traditional green space metrics, such as NDVI and park accessibility, alongside street greenery
I =02 sy w2o| measured using Seoul’s streetscape big data and a deep learning—based HRNetV2-W48 model. Our results

show that social capital plays a significant mediating role in the relationship between street greenery and
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individual physical and mental health. In particular, street greenery had positive indirect effects on both
physical and mental health through increased social capital. While street greenery had positive direct effects on
residents” physical health, the accessibility of life zone park had positive direct effects on mental health. This
study demonstrates that various urban green environments have heterogeneous impacts on health, suggesting
that different configurations of urban green spaces within neighborhoods can provide distinct health benefits.

Keywords: Street Greenery, Urban Green Space Quantification, Semantic Segmentation
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Table 1. Stratified sampling implementation criteria

Division | Total Age 19-29 Age 30-39 Age 40-49 Age 50-59 Age 60 and Above
Male | Female | Male | Female | Male | Female | Male | Female Male Female
Total  {1,000| 91 9% 89 0 90 2 89 2 122 149
Central 53 5 5 5 5 4 4 5 5 7 8
Southeast | 212 | 18 19 19 21 21 23 19 19 24 29
Northeast | 309 | 28 29 25 25 27 27 29 30 40 49
Southwest | 307 | 29 31 30 28 27 27 26 27 37 45
Northwest | 119 " 12 10 N " N 10 N 14 18

ZHo7 B 7ks 72| (walkable distance)2 7FHFElE= 800m HH (buffer)S H3) Aoz AAskd 75w
Az B4 B4

Zalo] TR £A) 7] B 29 7 ge FEalont
3.2 W4 443

£ 279 SRS 0 A0 B T R0 R sl Aes S 0 B
SEPO] AR A7) 27 Aol the ERoR “of$ Lk, LB olef, “HEoley, L Hole, o)

< Z¥ 9] 54 gAE A (leert scale) 2 A=Y A 7782 ARRIgefA Tijle] FHHoR Lyl AE
A5 H718R= PSS-10(Perceived Stress Scale)Z2 ZF 107]9] =22 54 27E Az H7IE QI o]% 10719
TS et § dget S ol I FHSKALE &, PSS-10 719te] HA 77} Bt w24E e

A AR 2EdA Ao} e Aow Al dbieR) A RS Y e dusi] YE,
X%, 35 ojA10] A Az ?-Ho} 28 33 o, ‘T84 e, “agcF, e age) 49
A Ana el wA 29 945 A A7 iR BAE o FA7 A AdResidental

Self-Selection: RS9)E] P&k Mefolr] ¢hom QlaktA 2o HWo] WS 4= ItHDeng and Zhao, 2022).
FAA AT AEe Qo] Zp4le] Hag et Ago] gio] 7 H A5 AEehs 212 omRitiHandy et
al., 2005). & Aol “HFET TARle] FAR] F tﬂoﬂﬁ WP Aol BYU e 2dow
=A% By P W2 zakslo] olalst 24 HE e Exﬂo}ﬁq. A5 - Qlsk] EomL Ay
AG, Gt THAS, AE o, AY o, HEEEe #’5}3}“‘0“1 2704 EXogE wol A o3 Hl
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Aopoict. Ao E8% BE W= Table 29F Ltk
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2 Q7 g 54 4 830 AR ) shante ek Slslel, £84 4 939
B ol B 9 ARHo] AAlZ AYshe 42 B4 B4 ES V12 SA8S A5dow
Tt b A8 AR SHA ATA 7 5 7 A 800m W U Ak a8 Bake 24
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= RS FESIG o ZQIE AW 7IEoR GSV wieefr) onAlE AsIgom, omlA] 52 20219
SEf A MeAle] 71= ofmAls o] ARFE HSIQl 20219 795 39 F Hize] 20181e] 295
of, A9l U IS FHsP] SHete] 20185194 olujAuke gt o] £ Eala o] Adtei
o2 A ool 9 Hagat o] AlRbd B, Wi, 1&ER 5O oml] 189824& st E3E He
Y 2] Tl A SHE AR 4 Y AE(128~29) 9 oA 6368E Adekirt. HFAes 2
A7 AR SHA 1,000%e] F A2 800m HH el 240,266%}4 GSV mfieefa} ofuj2E Zgsioirt.

GSV mhcett ofnjzje] 44 ofnjz] 7PdatE(edge)oli= dizo] TS| whigol, QIzke] AlokzHhuman field
of view}& 71Z0= 29 270°, Afgt 80°, Sit 70° S ke i 9 AASHIEKYin and Wang, 2016).
2 a7 2EHoR ofgA AAE GSV ikt ofnjAE 31” 2 7|kl omj2a E3 7[He Agoto]
712 SASS S0tk Held REe vte 3 30N =2 YRS Kol ADE2K HlolelIE sk 7]
ko] HRNetV2-Wi48 g g-85}9ich 2 A7 HRNetV2- \X/48 BEs FE A AAE ERE

Multidimensional Quantification of Urban Green

Urban Green Measurements

[ Vamo—
! }

Horizontal Green Vertical Green Distance to Horizontal Green

S\
Ay

Top—down

Top-down & I\,: p
% »,‘ U g - ’6’*
: ; ' ”'-il: - ko
NDVI:Normalized Difference Vegstation Index Street Greenery Distance to Park

Figure 2. Multidimensional quantification of green
source : USGS Landsat 8 satellite, Google Street View data © 2021 Google
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Table 2. Measurement of variables

Variable

Measurement

Source

Dependent variables

Physical health

1-5 Likert scale, 5=strongly healthy: Overall health conditions
Online Survey (2021)
Mental health Reverse coding by summing perceived stress scale (PSS-10)
Mediation variables
Social capital
Network 1 1-4 Likert scale: | know many of my neighbors
Network 2 1-4 Likert scale: My neighbors are friendly with each other
Trust

1-4 Likert scale: | trust my neighbors

Sense of community 1

1-4 Likert scale: | am proud to live in my neighborhood

Online Survey (2021)

Sense of community 2

1-4 Likert scale: | feel | belong to a community

Independent variables

Residential self-selection

Walking behavior

1-4 Likert scale, 4=strongly agree: Engage in utilitarian walking around residential
neighborhoods regardless of the walking environment

Online Survey (2021)

Gender

Socio-demographic Characteristics

1=male; O=female

Age

years

Monthly household income

1=under 100 million won-11=over 1,000 million won
Online Survey (2021)
Mearital status 1=married; 0=unmarried
Occupation 1=employed; 0=unemployment
Education 1-4 Likert scale, 4=master’s degree or higher
Health behavior
Sleep quality 1-5 Likert scale, 5=sleeping very well
Drink 1-5 Likert scale, 5=more than 4 times a week Online Survey (2021)
Smoke

1=yes; 0=no

Walkable Environments

Intersection density

Number of intersections / total street length in 0.8km buffer (km)

KT DB (2018)

Crosswalk density

Number of crosswalk / total street length in 0.8km buffer (km)

Data Seoul (2018)

In(bus stop density)

Number of bus stop / total street length in 0.8km buffer (km)

Subway station density

Number of subway station / total street length in 0.8km buffer (km)

KT DB (2018)

Land use mix

1 i pin(p;)
T =P T

(k: total number of land use type, p: percentage of each land use type i in the area)
Land use mix entropy index (0-1)

Data Seoul (2018)

Green Environments

In(Street Greenery)
NDVI

Average of (vegetation pixels / total pixels x 100) within a 0.8 km buffer

GSV (2018)

Average of [(Band5-Band4)/(Band5 + Band4)] in the 0.8km buffer

USGS (2021)

In(Distance to life zone park)

Shortest distance to nearest life zone park(m)

In(Distance to theme park)

Shortest distance to nearest theme park(m)

In(Distance to nature park)

Shortest distance to nearest nature park(m)

Public Data &
Data Seoul (2021)
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Processing of Images for Analysis

o 1351
t

Source : Google Street view data © 2021 Google

= GSV images were collected within an 800meter buffer of each survey respondent’s residence.
Excluded : Areas Without Excluded : Winter Images I 201
Physical Environment (Dec-Feb) el )
v
HRNetV2-W48 pre—trained on Cityscape ADE20K Dataset
o SIASHAAS AL
%ﬁ,t{“‘““L, Conr
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\Dovms:mple /*'
Upsample
Transition Exchange,
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= Semantic segmentation was performed using the HRNetV2-\W48 model based on deep learning.

v

Street Greenery Estimated for Semantic Segmentation Results

= Street Greenery = (Number of Vegetation Pixels / Total Number of Pixels ) x 100

Figure 3. Deep learning-based process for street greenery measurements
source : Google Street View data © 2021 Google; Kim et al., 2023b
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Table 3. Descriptive statistics of variables

Variable ‘ Mean Standard deviation Minimum Maximum Variance inflation factor
Dependent variables
Physical health 2.974 0.766 1 5 117
Mental health 29.923 5.051 12 46 1.42
Mediation variables
Social capital
Network 1 2.097 0.749 1 4 2.00
Network 2 2.203 0.781 1 4 214
Trust 2.407 0.760 1 4 1.96
Sense of community 1 2.515 0.767 1 4 1.96
Sense of community 2 2.501 0.768 1 4 2.21
Independent variables
Residential self-selection
Walking behavior 2.869 0.649 1 4 1.09
Socio-demographic Characteristics
Gender 0.481 0.499 0 1 1.20
Age 46.392 15.064 19 88 2.12
Monthly household income 5.340 2.490 1 M 1.27
Marital status 0.622 0.485 0 1 2.13
Occupation 0.920 0.271 0 1 1.09
Education 2.590 0.637 1 4 1.15
Health behavior
Sleep quality 2.985 1.006 1 5 1.20
Drink 2.276 1.281 1 5 1.18
Smoke 0.232 0422 0 1 1.23
Walkable Environments
Intersection density 6.189 3.159 0.122 15.247 1.97
Crosswalk density 10.674 4154 1.127 24117 1.20
In(bus stop density) -0.235 0.391 -1.462 0.958 1.21
Subway station density 0.117 0.094 0 0.655 1.27
Land use mix 0.744 0.102 0.209 0.979 1.19
Green Environments
In(Street greenery) 1.481 0.580 0.143 3.269 1.79
NDVI 0.079 0.020 0.016 0.159 2.63
In(Distance to life zone park) 5.222 0.687 1.036 7.085 1.02
In(Distance to theme park) 6.948 0.860 3.851 8718 1.06
In(Distance to nature park) 6.401 1.068 2.246 8.266 2.05

P50 233 Al 491 Hollactor loading)S ERISKITE 11 Zah wase-ES] 2335t Al 49l
Hafgo] B& 0.50 oVd(Hair et al., 2010)9] Fsl2ke 7k =efdd(convergent validity)S ShEe 202 1t
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Table 4. Results of CFA

Social Capital Estimate Standard Deviation P-Value R
Network 1 0.57 0.027 0.000 0.326
Network 2 0.595 0.025 0.000 0.354

Trust 0.732 0.017 0.000 0.536
Sense of community 1 0.804 0.016 0.000 0.647
Sense of community 2 0.927 0.014 0.000 0.859
Model fit indices
Number of Observations 1,000
RMSEA 0.040
CFl 1.0

TU 0.998

SRMR 0.004

Cronbach a 0.8403

Table 5. Model fit

Index Criteria Model 1 Model 2
RMSEA 0.023 0.021
< 0.08
SRMR 0.034 0.037
CH 0.994 0.994
> 0.90
TU 0.989 0.991

A¥ 7]291 RMSEA, SRMR 0.08 ©Jal, CFI, TLI 0.90 o2 S35k
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Table 6. Model 1 physical health indirect effect and direct effect

Direct effect Indirect effect Total effect
Social capital Physical health Physical health Physical health
Standard | 95% confidence | Standard | 95% confidence | Standard | 95% confidence | Standard | 95% confidence
coefficient interval coefficient interval coefficient interval coefficient interval

Gender 0.009 (-.061 - .074) 0.036 (-.029 - .110) 0.001 (-.012 - .015) 0.037 (-.028 - .114)

Age 0.109" (.024 - .202) -0.063 (=154 - .027) | 0.019" (.004 - .041) -0.045 (=137 - .043)

Monthly household income 0.097" (.024 - 174) 0.075#« (.008 - .146) 0.017% (.004 - .035) 0.092" (.021 - .164)
Marital status 0.078 (-.017 - .168) 0.037 (-.046 - .116) 0.013 (-.002 - .035) 0.050 (-.034 - .131)
Occupation 0.001 (-.065 - .071) 0.036 (-.040 - .107) 0.000 (-.012 - .014) 0.036 (-.042 - .110)
Education 0.002 (-.064 - .076) 0.057 (-.017 - .128) 0.000 (-.011 - .014) 0.058 (-.018 - .131)

Sleep quality 0.235™ (.165 - .300) 0.271™ (.204 - .350) 0.040™ (.020 - .064) 0.312™ (.247 - .383)

Drink -0.025 (-.092 - .045) -0.003 (-.064 - .060) -0.004 (-.017 - .008) -0.008 (-.069 - .056)

Smoke 0.037 (-.042 - .104) -0.043 (-.114 - .018) 0.006 (-.007 - .021) | -0.037 (-.105 - .026)

Walking behavior 0.125™ (.048 - .199) 0.015 (-.057 - .097) 0.022* (.007 - .039) 0.036 (-.037 - .116)
Intersection density -0.036 (-.144 - .054) 0.101x* (.010 - .183) -0.006 (-.022 - .009) | 0.095" (.000 - .176)
Crosswalk density 0.039 (-.041 - .114) -0.030 (-.098 - .052) 0.007 (-.007 - .022) -0.023 (-.096 - .061)
Bus stop density -0.035 (-.101 - .038) 0.018 (-.058 - .089) -0.006 (-.019 - .007) 0.012 (-.064 - .086)
Subway station density 0.040 (-.029 - .108) 0.003 (-.068 - .066) 0.007 (-.005 - .022) 0.010 (-.058 - .072)
Land use mix -0.022 (-.077 - .049) -0.028 (-.097 - .033) | -0.004 (-.016 - .009) -0.032 (-.099 - .029)
Street greenery 0.095" (.003 - .180) 0.075+ (-.007 - .170) 0.016* (.001 - .036) 0.0971x* (.014 - .186)
NDVI 0.029 (-.069 - .121) -0.061 (-.152 - .025) 0.005 (-.011 - .024) -0.056 (=151 - .032)

Distance to life zone park 0.023 (-.035 - .081) -0.027 (-.087 - .033) 0.004 (-.006 - .016) -0.023 (-.084 - .038)
Distance to theme park -0.031 (-.092 - .033) -0.044 (-112 -.017) | -0.005 (-.019 - .006) -0.050 (-.115 - .016)
Distance to nature park -0.021 (-.113 - .060) -0.028 (=110 - .057) | -0.004 (-.021 - .012) -0.031 (=120 - .053)

Social capital 0.172™ | (088 - .247)
(0.1, "p (005 "p {001
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Table 7. Model 2 mental health indirect effect and direct effect
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Direct effect Indirect effect Total effect
Sodial capital Mental health Mental health Mental health
Standard | 95% Confidence | Standard | 95% Confidence | Standard | 95% Confidence | Standard |95% Confidence
Coefficient Interval Coefficient Interval Coefficient Interval Coefficient Interval
Gender 0.007 (-.059 - .076) 0.045 (-.015 - .107) 0.001 (-.008 - .011) 0.046 (-.014 - .109)
Age 0.109* (.023 - .204) 0.145™ (.061 - .230) 0.014 (.003 - .032) 0.159™ | (073 - .248)
Monthly household income 0.099™ (.024 - 173) 0.083™ (.022 - .146) 0.013" (.004 - .028) 0.096™ | (035 - .157)
Marital status 0.076 (-.023 - .161) 0.038 (-.046 - .129) 0.010 (-.001 - .027) 0.048 [(-.033 -.0141)
Occupation 0.000 (-.066 - .065) 0.095™ (.031 - .160) 0.000 (-.010 - .009) 0.095 | (.030 - .159)
Education 0.001 (-.061 - .070) 0.010 (-.051 - .071) 0.000 (-.010 - .009) 0.010 (-.052 - .070)
Sleep quality 0.235™ (166 - .299) 0.204™ (.226 - .359) 0.031™ (.015 - .051) 0.325" | (261 - .389)
Drink -0.026 (-.095 - .040) 0.007 (-.051 - .066) -0.003 (-.015 - .005) 0.003 (-.056 - .063)
Smoke 0.036 (-.037 - .100) -0.034 (-.091 - .031) 0.005 (-.004 - .015) -0.029 (-.089 - .036)
Walking behavior 0.126™ | (044 - .198) 0.013 (=051 - .074) | 0.017# | (-.005 - .033) 0.030 | (-.035 -.092)
Intersection density -0.036 (-.114 - .053) 0.025 (-.052 - .102) | -0.005 (-.018 - .007) 0.021 (-.059 - .100)
Crosswalk density 0.037 (-.038 - .110) -0.058+ | (-.124 - .010) 0.005 (-.004 - .018) -0.053 (-.117 - .017)
Bus stop density -0.036 (-.104 - .032) 0.020 (-.041 - .081) | -0.005 (-.016 - .004) 0.015 (-.048 - .076)
Subway station density 0.040 (-.025 - .113) 0.000 (-.065 - .059) 0.005 (-.003 - .018) 0.005 (-.059 - .065)
Land use mix -0.021 (-.077 - .048) 0.021 (-.030 - .080) | -0.003 (-.012 - .006) 0.018 (-.033 - .078)
Street greenery 0.094" (.008 - .177) 0.000 (-.076 - .076) | 0.013+ (.001 - .029) 0.013 (-.063 - .088)
NDVI 0.030 (-.059 - .126) 0.036 (-.029 - .104) 0.004 (-.008 - .020) 0.040 (-.026 - .110)
Distance to life zone park 002 | (032 -.079) | -0081™ |(-136 - -028)| 0003 | (-.004 - .012) | -0.078" (;2353) )
Distance to theme park -0.032 (-.092 - .026) 0.020 (-.040 - .083) | -0.004 (-.015 - .003) 0.016 (-.043 - .077)
Distance to nature park -0.020 | (~100-.061) | -0.043 | (-116-.030) | -0.003 | (-.016-.009) | -0.046 | (-.118 -.028)
Social capital 0133 | (062 - .197)

"0 (0.1, "p( 0.05 “p (001
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