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® MADBRE: FETRZER (James et al., 2016; Takano, 2002; Donovan et al., 2013; Mitchell et al., 2015), X2 ZJILAILZDEE (Alcock et al., 2014;
Wendelboe-Nelson et al., 2019; Lee et al., 2023; Klompmaker et al., 2019), HERADRWVEE (Hystad et al., 2014), COVID-19 OTEEFFLE (Spotswood
et al., 2021)
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SERET - T—2 T L —LDEH
N = 46,785, SB5FBRT—2X 74.1%, *hHT—2H' 25.9%

Variable Unit Mean Std. Dev. (Q1,Q3)
Environmental exposure

NDVI (mobility - &) - 9.96 x 1072 5.74 x 1072 (5.81 x 1072,1.28 x 1071)
NDVI (residence - B{¥ith) — 1.35x 1071 540 x 1072 (8.96 x 1072,1.85 x 1071)
NO, (mobility - #&h) mol/m?  1.34x107%  6.02x 1076 (1.32 x 1074,1.37 x 107%)
NO: (residence - FB{E#)  mol/m? 1.33x10°% 3.60x107¢  (1.32 x 107%,1.35 x 107%)
LST (mobility - #8)) °C 41.58 2.19 (40.15, 42.95)

LST (residence - [B{E3) °C 41.71 1.47 (40.80,42.34)

NDWI (mobility - #&&h) - —1.06 x 1071 353 x 1072 (-1.28 x 1071, -8.41 x 1072%)
NDW!I (residence - fE{E3t) - -1.26 x 107! 1.80x 1072 (=1.40 x 1071, -1.13 x 1071)
Socioeconomic status

Household income 104JPY 646.18 249.47 (458.44, 818.60)

Prop. Univ. Grad. 1072 % .30 A1 (.22,.38)

Prop. Temp. Emp. 1072 % .014 .005 (.010,.017)

Yamaguchi Yuhei 19 /39



CONTENTS

©® Results

Yamaguchi Yuhei 20 / 39



BICZBHSDMICLIEWD

BEMOBEEZ#I>MO-IILLTHAES,
= SES g EEFEIFERESTRVWRIEICIEM - BELTWSH?

EEMDERIR
+ (BEHEH1R 1000 m DERIF) +

[ﬁ%ﬁﬁ%%ﬁ(msﬁ {ﬁ@k&of%ﬁ?%% ]




SFIEIV 7EEEIIL, BEICL>TLWWRIRICTIEX

°
8

— mobility Weekday
===+ mobility Holiday

Exposure to NDVI
Exposure to NO2
Exposure to NDWI
°

Exposure to LST
5 g

-1 o 1 -1 o 1
Income (standardized) Income (standardized)

-1 o 1
Income (standardized)

BEtfhaoitEZ 1> FO—-ILLIS X T, affetEEEEIRY,
o« BENCKL-TRET 31 = FH: &0, KB ZV
s BENCL-TRET S _BILER = FH: 28V, #hkE: ZV
s BENCL > TRETIHREEE = FHLKAHEL
e BENCL - THETZKE = FAHBKAHZL

Yamaguchi Yuhei




SEFBEIVT7EEEIF, Ch<{5LSJFMICHNhTWNS?

¥V T7OREEEIR,
KRBICTBENC K > T 611 m?
e THE DHRMICZ CERES

HEFRS 1260 FAO T 7EEFEL
200 AAO I PREEE L ORBICIE, FHiEHt
& 12 0.1 km BRIC, INFEITOEICHEET
| ZBHMOELHBZ VWS L

Yamaguchi Yuhei



it

FEIUTEEEIL, BEICE>TLWWREICTI7EX

Exposure to NDVI
° °
b
Exposure to NO2
5 o
Exposure to LST
> ° ° °
0 3 ® 2
Exposure to NDWI
8

— mobility Weekday
===+ mobility Holiday

l

N

-1 0 1 2 -1 o 1 2 2 -1 o 1 2 2 -1 o 1
Education (standardized) Education (standardized) Education (standardized) Education (standardized)

BEthHaoitEZ 1> FO—-ILLES X T, aFEMEEEFEIEY,
o« BENCL - TRET 31 = FHALKAHZV
s BENCL-TRET S _BILER = FH: ZV, KH: 2450
s BENCL > TRETIHREEE = FHLKAHEL
e BENCL - THETZKE = FAHBKAHZL

Yamaguchi Yuhei




it

TRERERT ) 7EEFEI, BHAICL>TEVRRICTIEX

4
° °
o
@
8
°
S

Exposure to LST

o
®

— mobility Weekday
s ===+ mobility Holiday

Exposure to NDVI

Exposure to NO2
> 5
Exposure to NDWI
> >

03
03

3 0 3 6 3 4 3 6 3 [ 3 6 3 0 3 6
Tempolary employment (standardized) Tempolary employment (standardized) Tempolary employment (standardized) Tempolary employment (standardized)

BEt a0 tEZ 1> FO—-JLLIES AT, IREHERSHARIVMHEREIRY,
o BENCL - TRET 31 = FALKAHDHL
s BENCL-TRET S _HILER = FALKAHZL
o BENICL > TRETIHREEE = FALKASEV
o BENICL - TEET 27K = FABLAKBDL DRV (FF)

Yamaguchi Yuhei 25 /39



CONTENTS

O Conclusion

Yamaguchi Yuhei 26 / 39



T - BEICL > TREIBRIBICHREDD

BEFHORIE
EHTR+ (B4R 1000 m DIBLE) +

[*if—:ﬁ?ﬁﬂ’giﬁ!m (SES)} [EEJLJ:'J'CEE@?’%I% ]
TR +
S FRMNAL (SES) — BENICL > TRETIRIE
SES / IRIE fRih BERZER FELT Kk
% FH-, B+ FH-, KB+ + +
HEKE + *H -, KRB + + +
EREHE + + + +




Implication & Limitation

Yo BARBRRA-—TOT7I7ECRADEIICRZABITERED S
Vo RIEREZ@RLDICIIBHLER T FHE

. fiDithis, MDEEHTODI = —RILATEEMHDE LVER
- BARIBEC BERREDHATETTLARL
o SESEHIL, BALRNILOEHTIIHWVWC CICKBZNTT R




References |

Alcock, I., M. P. White, B. W. Wheeler, L. E. Fleming, and M. H. Depledge (2014, January). Longitudinal Effects on Mental Health of Moving to Greener and
Less Green Urban Areas. Environmental Science & Technology 48(2), 1247-1255. Publisher: American Chemical Society.

Apparicio, P., T.-T.-H. Pham, A.-M. Séguin, and J. Dubé (2016, November). Spatial distribution of vegetation in and around city blocks on the Island of
Montreal: A double environmental inequity? Applied Geography 76, 128-136. Publisher: Elsevier BV.

Bell, M. L., A. Gasparrini, and G. C. Benjamin (2024, May). Climate change, extreme heat, and health. N. Engl. J. Med. 390(19), 1793-1801.

Bhattarai, K., L. Lamsal, M. Gyawali, S. Neupane, S. P. Gautam, A. Bakshi, and J. Yeager (2024, December). Impact of Nitrogen Dioxide (NO2) Pollution on
Asthma: The Case of Louisiana State (2005 - 2020). Atmosphere 15(12), 1472. Publisher: MDPI AG.

Chakraborty, J., T. W. Collins, S. E. Grineski, and J. J. Aun (2022, June). Air pollution exposure disparities in US public housing developments. Scientific
Reports 12(1). Publisher: Springer Science and Business Media LLC.

Chen, Z., N. Liu, H. Tang, X. Gao, Y. Zhang, H. Kan, F. Deng, B. Zhao, X. Zeng, Y. Sun, H. Qian, W. Liu, J. Mo, X. Zheng, C. Huang, C. Sun, and Z. Zhao
(2022, November). Health effects of exposure to sulfur dioxide, nitrogen dioxide, ozone, and carbon monoxide between 1980 and 2019: A systematic review
and meta - analysis. Indoor Air 32(11). Publisher: Wiley.

Cui, Q., Y. Huang, G. Yang, and Y. Chen (2022, August). Measuring Green Exposure Levels in Communities of Different Economic Levels at Different Completion
Periods: Through the Lens of Social Equity. International Journal of Environmental Research and Public Health 19(15), 9611. Publisher: MDPI AG.

Donovan, G. H., D. T. Butry, Y. L. Michael, J. P. Prestemon, A. M. Liebhold, D. Gatziolis, and M. Y. Mao (2013, February). The Relationship Between Trees and
Human Health: Evidence from the Spread of the Emerald Ash Borer. American Journal of Preventive Medicine 44(2), 139-145.

Fernandez, I. C. and J. Wu (2016, September). Assessing environmental inequalities in the city of Santiago (Chile) with a hierarchical multiscale approach.
Applied Geography 74, 160-169. Publisher: Elsevier BV.

Geldsetzer, P., D. Fridljand, M. V. Kiang, E. Bendavid, S. Heft-Neal, M. Burke, A. H. Thieme, and T. Benmarhnia (2024, October). Disparities in air pollution
attributable mortality in the US population by race/ethnicity and sociodemographic factors. Nature Medicine 30(10), 2821-2829. Publisher: Springer Science
and Business Media LLC.

Heo, S. and M. L. Bell (2023, March). Investigation on urban greenspace in relation to sociodemographic factors and health inequity based on different greenspace
metrics in 3 US urban communities. Journal of Exposure Science & Environmental Epidemiology 33(2), 218-228. Publisher: Springer Science and Business
Media LLC.

/ 39



References Il

Hystad, P., H. W. Davies, L. Frank, J. Van Loon, U. Gehring, L. Tamburic, and M. Brauer (2014, October). Residential Greenness and Birth Outcomes:
Evaluating the Influence of Spatially Correlated Built-Environment Factors. Environmental Health Perspectives 122(10), 1095-1102. Publisher: Environmental
Health Perspectives.

James, P, J. E. Hart, R. F. Banay, and F. Laden (2016, September). Exposure to Greenness and Mortality in a Nationwide Prospective Cohort Study of Women.
Environmental Health Perspectives 124(9), 1344-1352. Publisher: Environmental Health Perspectives.

Jbaily, A., X. Zhou, J. Liu, T.-H. Lee, L. Kamareddine, S. Verguet, and F. Dominici (2022, January). Air pollution exposure disparities across US population and
income groups. Nature 601(7892), 228-233. Publisher: Springer Science and Business Media LLC.

Kashtan, Y., M. Nicholson, C. J. Finnegan, Z. Ouyang, A. Garg, E. D. Lebel, S. T. Rowland, D. R. Michanowicz, J. Herrera, K. C. Nadeau, and R. B. Jackson
(2024, May). Nitrogen dioxide exposure, health outcomes, and associated demographic disparities due to gas and propane combustion by U.S. stoves. Science
Advances 10(18). Publisher: American Association for the Advancement of Science (AAAS).

Klompmaker, J. O., J. E. Hart, C. R. Bailey, M. H. Browning, J. A. Casey, J. R. Hanley, C. T. Minson, S. S. Ogletree, A. Rigolon, F. Laden, and P. James (2023,
January). Racial, Ethnic, and Socioeconomic Disparities in Multiple Measures of Blue and Green Spaces in the United States. Environmental Health
Perspectives 131(1). Publisher: Environmental Health Perspectives.

Klompmaker, J. O., G. Hoek, L. D. Bloemsma, A. H. Wijga, C. van den Brink, B. Brunekreef, E. Lebret, U. Gehring, and N. A. H. Janssen (2019, August).
Associations of combined exposures to surrounding green, air pollution and traffic noise on mental health. Environ. Int. 129, 525-537.

Lee, K. O., K. M. Mai, and S. Park (2023, February). Green space accessibility helps buffer declined mental health during the COVID-19 pandemic: evidence from
big data in the United Kingdom. Nature Mental Health 1(2), 124-134. Publisher: Springer Science and Business Media LLC.

Liu, Y., M.-P. Kwan, L. Song, C. Yu, and Y. Cui (2025, August). How mobility-based exposure measures may mitigate the underestimation of the association
between green space exposures and health. Social Science & Medicine 379, 118190. Publisher: Elsevier BV.

Liu, Z., C. Liu, and A. Mostafavi (2023, October). Beyond Residence: A Mobility-based Approach for Improved Evaluation of Human Exposure to Environmental
Hazards. Environmental Science & Technology 57(41), 15511-15522. Publisher: American Chemical Society (ACS).

Mitchell, R. J., E. A. Richardson, N. K. Shortt, and J. R. Pearce (2015, July). Neighborhood Environments and Socioeconomic Inequalities in Mental Well-Being.
American Journal of Preventive Medicine 49(1), 80-84. Publisher: Elsevier BV.

0 / 39



References IlI

Rao, M., L. A. George, T. N. Rosenstiel, V. Shandas, and A. Dinno (2014, November). Assessing the relationship among urban trees, nitrogen dioxide, and
respiratory health. Environmental Pollution 194, 96-104. Publisher: Elsevier BV.

Rentschler, J. and N. Leonova (2023, July). Global air pollution exposure and poverty. Nature Communications 14(1). Publisher: Springer Science and Business
Media LLC.

Shen, Y., F. Sun, and Y. Che (2017, October). Public green spaces and human wellbeing: Mapping the spatial inequity and mismatching status of public green
space in the Central City of Shanghai. Urban Forestry & Urban Greening 27, 59-68.

Spotswood, E. N., M. Benjamin, L. Stoneburner, M. M. Wheeler, E. E. Beller, D. Balk, T. McPhearson, M. Kuo, and R. |. McDonald (2021, October). Nature
inequity and higher COVID-19 case rates in less-green neighbourhoods in the United States. Nature Sustainability 4(12), 1092-1098. Publisher: Springer
Science and Business Media LLC.

Takano, T. (2002, December). Urban residential environments and senior citizens' longevity in megacity areas: the importance of walkable green spaces. Journal
of Epidemiology & Community Health 56(12), 913-918. Publisher: BMJ.

Wendelboe-Nelson, C., S. Kelly, M. Kennedy, and J. Cherrie (2019, June). A Scoping Review Mapping Research on Green Space and Associated Mental Health
Benefits. International Journal of Environmental Research and Public Health 16(12), 2081. Publisher: MDPI AG.

Xu, J., Q. Wang, O. Anikeeva, P. Zhu, P. Bi, and C. Huang (2025, October). Effects of extreme heat on physiology, morbidity, and mortality under climate
change: mechanisms and clinical implications. BMJ 391, e084675.

Yang, X., X. Xu, Y. Wang, J. Yang, and X. Wu (2024, October). Heat exposure impacts on urban health: A meta-analysis. Sci. Total Environ. 947(174650),
174650.

Yin, X., Y. Song, L. Zhang, L. Hu, D. Li, Z. Liu, and F. Li (2024, January). A Dynamic Assessment of Disparities in Greenspace Exposure from a Time and Age
Perspective: Comparing Lockdown and Non-Lockdown Periods. Ecosystem Health and Sustainability 10. Publisher: American Association for the
Advancement of Science (AAAS).

Yoo, E.-h. and J. E. Roberts (2022, April). Static home-based versus dynamic mobility-based assessments of exposure to urban green space. Urban Forestry &
Urban Greening 70, 127528. Publisher: Elsevier BV.

Zhang, Z., J. Wang, and W. Lu (2018, May). Exposure to nitrogen dioxide and chronic obstructive pulmonary disease (COPD) in adults: a systematic review and
meta-analysis. Environmental Science and Pollution Research 25(15), 15133-15145. Publisher: Springer Science and Business Media LLC.

Zheng, L., M.-P. Kwan, Y. Liu, D. Liu, J. Huang, and Z. Kan (2024, October). How mobility pattern shapes the association between static green space and
dynamic green space exposure. Environmental Research 258, 119499. Publisher: Elsevier BV.

Yamaguchi Yuh 31/ 39




SEHER - TNENORFBRBEOBER

o IRMEBEHZVAIE, ZBIEERADOBENNIW (Rao et al. (2014) DR L ESH)

0.00016
s 5
000014 Income
® ° ° 1250
El El E
2
z g« g« 1000
£ g £
3 3 3 750
& = =
<] 2] @« 500
z 3 4
0.00012- 55 35 20
20 30
000010
00 o1 02 03 04 00 o1 02 03 04 0.00010 0.00012 0.00014 0.00016
NDVI exposure NDVI exposure NO2 exposure

Yamaguchi Yuhei 32 /39



SRR - AR L RERREOME

[*iﬁﬁrﬁa@tw <ses)] { Pl S ]
+

2 o2 04
nnnnnnnnnnnn Prop. highly educated Prop.tempolary employment

=mSESIFY, BIEHORIFEHARL




SNRET - BENC K > TIRE T BIRIE vs. BEMIRIZEDRE

EEHtOBE | [ BEIcL-TEETZEIE
(gt - BRI - B ) N | Gt - BR - B

NDVI exposure via mobilty
NDVI exposure via mobity

NDVI exposure via mobilty

a2
Residential NOVI

0z 0000130 0000135
Residential NDVI Residential NDVI

Yamaguchi Yuhei 34 /39



AHh®

HEFBENMAIE, BEICE>TREITIERIER
EDLSICHESD2VWTWVWBRDH ?

7

V¥

[*i%ﬁiﬁﬂ’\]ﬂﬂm (SES) BEICL > TRET BRIE ]

.

Environmental Exposure ~ SES X Dygiday

Yamaguchi Yuhei 35 /39



SHD - WHAIG BN -

&
g

i

— mobility Weekday

Exposure to NDVI
Exposure to NO2
o °

-=-- mobility Holiday

Exposure to LST
°

-1 0 1 2 2 El 0 1 -1 0 1
Income (standardized) Income (standardized) Income (standardized)

- BEREMRICEATVWBIAIRY, FH - KBEDIS,
EDBULEE (NDVIT, NO, 4, LST {) ICEBELTW3

Yamaguchi Yuhei 36 / 39



ARQ - FEKESRIFRE - 3R

=0
8 =
a S 00 7
z z 3
e 2 2
° ® ® — mobility Weekday
5 Fl e, z0
2 00 k3 N 8 ===+ mobility Holiday
g 3 3
£ ] &
@ [}

-1 0 1 2 2 -1 ] 1 2 2 -1 0 1
Education (standardized) Education (standardized) Education (standardized)

- BFEMIFGICEATUVWAAIRY, FH -AKBEHIZ, SORWVWRE
(NDVI T, NOy, 4, LST!) ICBELTW3

Yamaguchi Yuhei 37 /39



AR - REHLEIRIFRE - R

— mobility Weekday

Exposure to NDVI
Exposure to NO2
° °
Exposure to LST

-=-- mobility Holiday

0 3 6
Tempolary employment (standardized)

0 3 6
Tempolary employment (standardized)

3 6
Tempolary employment (standardized)

 REHEIESHZ VN ICEFATWVLWBRAIZY, FH - kB HIC,
SOEWVERE (NDVIL, NO, T, LST 1) ICBBELTW3

Yamaguchi Yuhei 38 /39



B5RHIC, MAMRDSBEENRISEDS 5L ?

BEEMOBRIE

HRAEFHABOOL (SES) BEICL > TRETZERR )

Pr—— g

NDVI NO; LST NDWI
Coefficient S v B/ B 04 B/ B v B/ B v B/
Weekdays
RS -.009 271 -033 .058 -.139 -.417 -099 ~-.181 547 146 .056 2.61
FEE 010 274 .036 .063 -.145 -434 -107 -.143 748 156 .069 2.26
OEMEZE  -020 -.034 58 .010 .048 208 .041 .072 569 -.004 -.007 .571
Holidays
HHEE 065 340 191 -.022 -221 .010 -.090 -.170 .529 .114 .026 4.38
FRE 084 346 243 -022 -232 .095 -.087 -.123 .707 .120 .033 3.64

EHE®X  -036 -.045 800 .020 .060 .333 .053 .084 .631 -.006 -.010 .600
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