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Socioeconomic Disparities in Mobility-Based Exposure to Green Spaces and Air Pollution
- Analysis Integrating Satellite Images and Human Mobility Data -

Yuhei Yamaguchi *

Abstract: This study aimed to elucidate the relationship between socioeconomic status and exposure to green
spaces and air pollution accounting for human mobility. Previous studies have analyzed individuals’ exposure to
green spaces and air pollution based on their residential locations, but research that incorporates human mobility
remains limited. To uncover the detailed realities of such exposures, it is necessary to account for the green spaces
and air pollution that people encounter at the destinations of their movements. By integrating satellite imagery
with human mobility data, this study revealed the following findings. Individuals residing in higher-income areas
were found to have greater contact with green spaces and lower exposure to air pollution. Moreover, even after
controlling for residential environmental conditions, higher-income individuals were still observed to have greater
access to green spaces. This study not only provides new insights for environmental epidemiology but also
contributes methodological advancements.

Keywords: A\ i — % (mobility data), f2 YV £— bt 7 (satellite remote sensing), #2387 19 HINT
(socioeconomic status), #kH (green spaces), K&J54: (air pollution)

1. [EZL&HIC 2. TR LAE
FRHIA~IREE T 5 2 & ORKIGY AT 2 2 L ATFGE TIERIRNF E R T 2 st Gt & U7z, Bl
Nx DOLE ORFAZHERFT 5 ETEETHS (Zhang et.al BBRE LB X% 5
2021; Ghorani-Azam et.al 2016). L7 L, Zi53F%T 2.1 ART—%
720, B OFATIFRIC Lo T, IO RZIGY e~ 20197 AD 1 » ARICIE SN AT —% (F—

DOUREE L7 ST, AR R EDR H 25 Z L e Zigfo:  (BK) Agoop) M L7z, 77— ORENE
SN TW5. EEFFESCAEN~A 2 VT o, FHENR FEDS 250kmvh ZHB R 2 6 DIFERSN LT 5 2T, WAEMAT

WA, T2 bHSRERHA MRV NIE L, fRA LT =X DIEREEITo T2, £, HEART —F OJEEH
D Ip S REIGRDPB ORI E L T2 Z L BAEEO ROWEEBIT-T2. Th b OAERIZIE, Python TA 75
WMFEECHLMNZENTND (Klompmaker et.al 2023; Jbaily U @ scikit-mobility, version 1.3.1 &1 L 7.
et.al2022). Z D & 5 RERFEHEN~OREIZ BT Dit= 2.2 BHET—4H
IR 2L, BEERAEO—R & 725 T ‘5m‘h75‘3?> WRIN FHiBERE 258 L T2 3, Sentinel-2 & Sentinel-
72720, ERRO XS BRI R A B 5. 5p DML L 7= i R & v 7z,
ZREAA O TBE)] 2F@EInTHRanen)s e Sentinel-2 0 2019 4= 6 A7/ 5 8 A D#EEEZ Ry /- ity

Thod. %< BTN X DRERDHRIEH LT ZFTNTHNT, BT O IER RS Gt
BY, AxDPBENT & o THART 2 HHO R RIE G T ORBIAEH) 2HH Lz, HSFREIZ 20m & L7z, 2ok

Z BTV \73?11 VoKD EE e BRSO R RTE Y~ D IR EE & ) IRE I RRE OB EE B E D Z & T, SRl iR ER

FARDIDITIE, AxOBENEZBETILERD . RAEMET AN TED
@%%i_%bfmtét@_m,ibﬁﬂ&ﬁﬂ% F 72, Sentinel-5p 732019 4 6 A D 1 » AT L 72

REFGYe~ OB AR5 2 e RO BN D, KA BEMEGRE AT, BB TR R (k’ﬁ?’?i’é@ﬁ

JETIE, N7 —4% & manfiaei 2 2 s Lo g HEHK) #HRHLE. B EEMIC 20m O FREIC

ZEML, B TIEH O NS TWRY, ek NV DI A Oy

FEOHIATIZ X 2 RIBK ZOFEELZMRPT 5. 2 LTHRE FRO XS 7%, HEEGOFMLEL LK T e — R

P E OB T 7 A & I R AR 5. {Z1& Google Earth Engine % FAV 7=,

gk B AL REF KRR SUEAIIZERE (Graduate School of Arts and Letters, Tohoku University) — yuhei.yamaguchi.t] @dc.tohoku.ac.jp

-P1-05-



P1-05 EIAEMIBIER S 27 AR ASHHEREAS

2/3

2.3 #HERFMUHET—42

2020 FIZHEM SN/ EEFRAED 250m A v 2 (5K
Ayia) OF—H MW, EERECE, Avia
T L OFBEONEFEEED AN EEN TN D, RIFFET
X, INOORSHMNZRTE%E, Ay aNAD
RO TIHRT D = & TEIALEHUCE R LT,

iz, EEEE LT - HHFETIE (2018) O IEEET
BT =2 2 MBEDES 2 LT, HKETH L~L o I
sz T DIREFEET VEE L. ZOoET L or0

ZHWVWT, 250m A v ¥ a LoyL O ET S A TR LTS, T T ngne T R R
BRI SRR TS REE O IR E Dm0, R B 1 Frfs & kg g oo BEE
ML K D ERBEM 2470 U D ABIZRICR VT, ARt
Fext Gt TH 5 LMW LT,

2.4 ANRT—2 LBEEEEZGOHKESE

B NDHAE LTS A HuD & L7288 100m ORI
BiT5H NDVI BLO B LEFROFHEEEML L. %
NHOEERWT, WERMEZ T = & LINERY
ERM L. ZHUTED, & APIBRE Lok & KEUE
YerERBLT D LN TE .

FRFE, & ANOHEEREHSOPE 100m OFNIZE poooneo

75 NDVI & “bZHROFHELZHE L. Zhick Motk Hotbops

D, ANxOFEMAIZEIIT Sk & RAGRES W E . Residence
ERIL L. e
2.5 A}ﬁ%_g t*i%ﬁ%iﬂﬁi;_g o)ﬁf.é 2 ﬁ}ﬁ%k :@ftgiﬂz%ﬁg@ Eg@
e S R ERIZ 1T B A AL 2 5 & OV H: vos-
WA THEZ, ZOART —ZIZEY YTz, ZhiZ

LV, ZNENOBEEENG, R OMEE]

DY THNTZ.

Mobility - Weekdays

Mobility - Holidays

°

Residence

NDVI (Greenness)

0.000150

NO2 (Air pollution)

Mobility - Weekdays

0.03-

3. R

3.1 HLGEIHICLIER

DUFIC A AT &t (X 1) B L O bz SR (1K 2)
OBFH 2R3, AT E VR I A T D AIE L,
IV o ICEM L TRBY, By, “EMEESR 3 4
~DOWREBEEDN/NSNWZ ERNbholz. FEEMIZESW -
BH (78 ©b, BE#EBE LGS GReft K
H, &#: FH) T, EUlL-Ems R sz,
2L, BEIZZBE LIZGEOFN, i~oglE
RBEEFEA~DBRBE RO T NS RD N
B S AN 7R o 72, BRICTEH T, ZOBEAREETH L.
Z ORI, BEFRAED X 57, Ax OEFERO I
HAWEFIETIE, BETHIHRHESCKKIGRE LB
HLIHENHELTLED Z L E27BT 5.

3.2 fREHEEMT

FEER O B X OKRKIGYE SO E il L7256 ;
D, BRIE~OIRFEIZBIT DR 2% o Liz.
FRHA O HIR I EA TV D AL, £ < OBk
L0, E, REUGHESESOHBEIZEA TV D AT,

0
predicted_income

B3 s AT O FRA R

I_ndvi

exposed.

3 6
msh.per.non_regular_employee

B4 J5 B IRiE T O URE A FI G O R R

-P1-05-



P1-05

L VBRE N ERITBEBELSLTVWEEZLND. 1
ZRRHITE, HRRTRIHIALC X D BRBERR ST < T
LEREMER B D,

TP, WAL BRIk - CRFET HiE),
FRAZE I TR D Y% Tkm PR OFRHIE: |, T B FTS )
L LIeBRRET VORBRERINT5H. /3T A X OHE
FEld~ /a7 T T AL TR IR, B, &
BT CTEREL L7 b0 E vz, X 3z Mk AT
DIRFN B AT, O EAZ R LT,
AT @ OHBEIZEA TV D AT E, £ 2 < ofkHiiz
BEZE L TWA ZENHSMNTAR o (FEBSHD 95%[X
floxEETIETHoT).

WIZ, BEEZEEE TRENC K- TIRET D hkHha ),
FRIAZE R TR % 1km P DRI E: |, THESS A,
[ IGE FET OIREMHBEIA) & LiciEREET
NOFERERAT . ZOFEF MBI HETIED
PRI <720, R VIC EEIRESERT OIREL
BEIG ) OAOMENIRH S, B IRE EEFTO
TR EEIS ) ORAREZK 4 17T, JREFER L
DARZE 22 FEEHLE AR < BB LWk FEA T
DA, FHHADOBRFEIZBW TR TH D Z L AVRE X
NoHER L7272,

JEAEHLOFHIERLRZIGRES W ERRH L TH, KR
L LT, HERFERMAIC L ZBBEKRENHY Z 5L
S25.

4. EE

AT, MEERE NRT —2 2 HAaT52LT
BEMEFZE TIXHA LM ST, Ax DBEIEZ5E
U 7= ks L ONRERTE Y~ D1 - Wi 0 FEREICIH > 72

AP FTA DS B OIS A TV D AIEE, %< Ofkis
IR L, DRV KREIEYRICIRE L T D 2 L3 5 )
\Zhgolz. 72720, BEEBET 5 L Thkth & KKU5
e~ DUgEFRIZ BT DREE TN T2 2 L LI
otz

BT, WEHENT OFER S, FEERBREE 256 L <
b, FEERREHIHIAIT K 2 FRHIRER DR TR Z &3
TRIE SN DRER L IR oT.

AHFFETIE, KIFEPHOAESE Y TR, X
D —iRA 7R R e AR T =0, ook  aFgTkt
BT HVERDD.

EBIZ, AFETIIEFOAREZR TN, oI
BT DO RKIGR DM EEBZLET HI LT, IHIT
BUNRAENE LN E LitZe.

HEE
ABFFRIL, HALKRE AGSRISE 7’11 7' ADBhR % 5%
FrzboT.

EI4MMIBIFR S R T LAFRFMARERAS

33

SE Xk

Ghorani-Azam A, Riahi-Zanjani B and Balali-Mood M. (2016)
“Effects of air pollution on human health and practical measures
for prevention in Iran,” J Res Med Sci., 21:65.

Jbaily A., Zhou X., Liu J., Lee T.-H., Kamareddine L., Verguet S.,
and Dominici F. (2022), “Air pollution exposure disparities
across US population and income groups,” Nature, 601(7892),
228-233.

Klompmaker JO, Hart JE, Bailey CR, Browning MHEM, Casey JA,
Hanley JR, Minson CT, Ogletree SS, Rigolon A, Laden F and
James P. (2023) “Racial, Ethnic, and Socioeconomic Disparities
in Multiple Measures of Blue and Green Spaces in the United
States,” Environ Health Perspect, 131(1):17007.

Zhang Y., Wu Q, Wu L. and Li Y (2021) “Measuring Community
Green Inequity: A Fine-Scale Assessment of Beijing Urban
Area,” Land. 2021; 10(11):1197.

-P1-05-



