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ehT	|	sweN	|	efiL	yliaD	|	elytsefiL	.megami	ed	so§Ãivres	e	ociasom	ed	sodad	ed	sotnujnoc	,retsar	seµÃ§Ãnuf	,megami	ed	o£Ã§Ãamrofni	ed	oledom	o	erboC	14:01:1	o£Ã§ÃudortnI	amU	:SIGcrA	on	retsaR	sodaD	e	megamI	.o£Ã§Ãazilausiv	atsen	sodartsom	o£Ãs	o£Ãn	161	a	951	atiutarg	o£Ã§Ãazilausiv	ed	anig¡Ãp	amu	odnel	¡Ãtse	ªÃcoV	.o£Ã§Ãazilausiv
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a	24	atiutarg	o£Ã§Ãazilausiv	ed	anig¡Ãp	amu	odnel	¡Ãtse	ªÃcoV	.o£Ã§Ãazilausiv	atsen	sadartsom	o£Ãs	o£Ãn	63	a	42	sanig¡ÃP	atiutarg	o£Ã§Ãazilausiv	amu	odnel	¡Ãtse	ªÃcoV	.o£Ã§Ãazilausiv	atsen	sodartsom	o£Ãs	o£Ãn	91	a	41	ervil	o£Ã§Ãazilausiv	ed	anig¡Ãp	amu	odnel	¡Ãtse	ªÃcoV	.o£Ã§Ãazilausiv	atsen	odartsom	©Ã	o£Ãn	6	atiutarg	o£Ã§Ãazilausiv	ed
anig¡Ãp	amu	odnel	¡Ãtse	ªÃcoV	ARÃ	albia,	1,	shapefile,	21,	software,	41,	Southern	Suda,	1,	street	view,	1,	deafan,	1,	Syria,	1,	Earth	Incognita,	1,	Timelapse,	1,	Tutorial,	1,	tutorial	,	43,	tutorials,	75,	United	Rabes	United,	1,	Váde,	81,	Web	Mapping,	2,	Webgis,	10,	WGS	84.1,	Windows,	15,	World,	1,	Yemen,	1,1,1,1	,	1,1,1,	this	study	aims	to	evaluate	the
urban	heat	islands	and	types	of	land	coverage	in	relation	to	vulnerable	population.	The	city	of	Richmond,	Virgania	was	selected	as	a	study	area	using	the	Block	Group	census	as	a	geographical	unit	of	dwarf.	Regressive	discourse	was	performed	to	examine	the	impacts	of	land	coverage	types	at	environmental	temperatures,	while	correlation	-related
handling	was	used	to	evaluate	the	relationship	between	ambient	temperature	and	population	Vulnerable.	Last,	multivariate	clusters	were	performed	to	identify	vulnerable	to	urban	heat	in	the	city.	The	findings	suggest	that:	(1)	impermeable	superfonies	lead	to	higher	temperatures	of	the	environment,	while	the	coverage	of	the	grinders	has	a	cooling
effect	on	urban	heat;	(2)	vulnerable	population,	except	for	the	elderly,	tend	to	live	in	higher	temperatures	of	the	environment;	and	(3)	vulnerable	populations	are	spatially	grouped	in	specific	places	of	the	city.	This	study	concludes	with	recommendations	of	mitigation	measures	to	reduce	the	adverse	effect	of	urban	heat	islands,	applying	high
consumption	materials	to	urban	superfanies	and	expanding	the	coverage	of	the	grinders	and	green	space.	The	concept	of	the	urban	heat	island	(uhi),	which	urban	areas	are	warmer	than	their	rural	surrounding	areas,	and	their	effects	were	observed	and	first	discussed	by	Luke	Howard	in	the	nineteenth	-grade	[	1]	(pp.	6-9).	Since	entering,	research	on
phenomenon	is	expanded	to	include	temperature	variations	within	a	city	[2,3,4,5,6,7].	Some	human	and	natural	factors	contribute	to	the	temperature	variations	that	form	urban	heat.	For	example,	UHI	-inducing	factors	include	reduced	natural	landscapes	due	to	urbanization	[4.8],	urban	material	absorption	[9,10],	dimensions	and	and	Urban
structures	[11],	heat	generated	from	human	activities	[12],	geographical	location	and	topography.	With	regard	to	the	constructed	environment,	previous	studies	have	found	that	the	waterproofing	superfancies	are	intensifying	a	great	deal	of	room	temperature	[13],	while	the	coverage	of	the	canopy	can	be	reduced	significantly	[14	,	15].	The	effect	of
urban	heat	island	is	commonly	associated	with	negative	impacts	regarding	energy	consumption,	air	quality,	water	quality	and	human	health	[16].	Warmer	environmental	temperatures	increase	the	demand	for	air	conditioning	during	the	hot	months	of	venue,	which	leads	to	increased	demand	for	electricity	[17].	When	electricity	is	produced	by
fanfellowable	fan	plants,	air	quality	is	affected	due	to	increased	air	pollutants	and	greenhouse	gas	emissions	[16].	The	quality	of	the	water	is	also	affected,	due	to	the	heated	flow	discharge	caused	by	high	pavement	temperatures	and	construction	surfaces	[18],	which	negatively	affects	the	expertise	of	aquatic	ecosystems	[16	]	The	uhi	effect	on	human
health	arises	due	to	the	increased	risk	of	developing	heat	related	to	heat	or	even	death	resulting	from	high	temperatures	[19].	The	US	Environmental	Protection	Agency	(EPA)	lists	the	following	population	groups	as	having	a	higher	risk	of	impact	on	heat	related	to	the	elderly	(over	65	years);	Outdoor	workers;	people	with	existing	tips;	children,	babies
and	grain	women;	Athletes;	people	who	live	alone;	without	ceiling	people;	and	people	with	limited	personal	resources	to	deal	with	extreme	heat	[20].	Many	scholars	have	found	that	the	risk	of	developing	disease	-related	diseases	or	deaths	from	vulnerable	populations,	including	those	in	poverty	and	color	people,	who	are	less	resources	to	mitigate	heat
and	limited	capacities.	to	adapt	to	sodaicossa	sodaicossa	res	a	mednet	serovr¡Ã	ed	arutreboc	ed	axiab	siam	o£Ã§Ãroporp	amu	moc	seragul	euq	acidni	arutaretil	a	,edrev	o§Ãapse	e	serovr¡Ã	moc	sairf	siam	sanabru	saer¡Ã	saN	.]52,42,32,22,12[	sarutarepmet	a	a	higher	proportion	of	minority	population,	low-income	residents,	and	renters	[26,27,28].	It	is
important	to	note	that	UHI	mitigation	measures	should	specifically	target	those	areas	with	higher	temperatures	and	a	higher	proportion	of	vulnerable	populations	who	are	more	susceptible	to	heat	exposure	[29].There	are	generally	two	approaches	to	assess	UHI,	using:	(1)	satellite	remote	sensing	data	to	derive	surface	temperatures	[30,31,32,33],	and
(2)	ground-based	measurements	of	in	situ	temperatures	[34,35,36].	However,	each	approach	has	its	strengths	and	weaknesses.	While	satellite	remote	sensing	data	are	more	readily	available	and	provide	comprehensive	spatial	coverage,	they	generally	suffer	from	relatively	lower	resolution	compared	to	ground-based	measurements	[32,37].	On	the
other	hand,	ground-based	measurements	can	deliver	finer	temperature	measurements,	but	additional	efforts	are	required	to	estimate	temperatures	for	unmeasured	locations	in	a	given	study	area.	To	take	advantage	of	the	strengths	of	both	approaches,	this	study	utilized	a	city-wide	dataset	derived	by	integrating	ground-based	in	situ	temperature
measurements	and	Sentinel-2	land	use/land	cover	(LULC)	data	[37].	This	dataset	is	further	discussed	in	Section	2.1.Following	the	trends	in	the	UHI	literature,	this	study	assesses	urban	heat	islands	and	land	cover	types	in	relation	to	vulnerable	populations	in	the	city	of	Richmond,	Virginia.	This	study	aims	to:Investigate	the	impacts	of	land	cover	types
on	ambient	temperatures;Examine	the	relationship	between	ambient	temperatures	and	vulnerable	populations;Identify	specific	locations	with	high	ambient	temperatures	and	high	percentages	of	vulnerable	populations;Recommend	mitigation	measures	to	reduce	the	adverse	effect	of	urban	heat	islands.While	there	is	an	extensive	body	of	literature	on
the	UHI	and	its	relationship	with	land	cover	and	vulnerable	populations,	UHI-related	research	about	the	city	is	rather	sparse.	cihpargoeG	ainigriV	eht	yb	6102	ni	desaeler	tesatad	revoc	dnal	ainigriV	eht	edulcni	yehT	.tesatad	erutarepmet	tneibma	eht	sa	emit	emas	eht	dnuora	dehsilbup	stesatad	rehto	niatbo	ot	nekat	saw	erac	,7102	ni	detcelloc
stnemerusaem	erutarepmet	dnuorg	morf	devired	ylniam	saw	tesatad	erutarepmet	tneibma	eht	esuaceB	.snoitalupop	elbarenluv	dna	sepyt	revoc	dnal	htiw	snoitaicossa	rieht	dna	sdnalsi	taeh	nabru	ssessa	ot	dedeen	si	tesatad	erutarepmet	tneibma	ediw-ytic	evisneherpmoc	A.level	puorG	kcolB	eht	ta	dezylana	dna	ot	detagergga	erew	secruos	tnereffid
morf	detcelloc	atad	dna	spuorG	kcolB	161	sah	dnomhciR	.yduts	siht	ni	Sisylana	fo	cihpargoeeg	eht	with	the	puorg	kcolb	sustec	esu	ot	dediced	saw	of	,noser	siht	rof	.Lel	KColb	eht	ta	elbaliava	era	ton	ll	ton	,tcart	nsuss	suss	stinu	chypargoeg	rellarlams	fi	devres	sliated	erom	,sypesty	fo	nu	cihpargoeg	eht	ot	semoc	of	nehw.]24[	tceffe	ihu	e	ht	secneirepxe
osla	dnomhcir	,sare	Dezinabru	Rehto	Ekil	.]14[	câ£‚	11.13	ro	fâ£‣°	88	fo	urararetet	hgih	Egarevas	httoh	¢ytic	eht	.sretemok	erauqs	261	tuoba	fo	aera	dna	dna	dna	]01[	0202	ni	016,622	FO	notitalupop	of	SAH	DNOMHCIR	.C.	1	erugiF(	aera	yduts	eht	sa	detceles	si	ainigriV	,dnomhciR	fo	ytic	ehT.noitatnemelpmi	rof	dezitiroirp	eb	dluohs	serusaem
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Network	(VGIN)	and	the	2017	American	Community	Inquiry	(ACS)	5	-year	estimates	of	vulnerable	population.	All	the	transactions	of	data	described	in	the	following	sections.	Richmond's	ambient	temperature	data	set	was	provided	by	Dr.	Jeremy	Hoffman	of	the	Virgania	Science	Museum.	The	Doctor.	Hoffman	and	Dr.	Eugene	Maurakis,	scientists	at	the
Virgania	Science	Museum,	and	Dr.	Vivek	Shandas,	professor	of	urban	studies	and	planning	at	Portland	State	University,	collaborated	with	members	of	the	Richmond	community,	universities	and	non	-profit	to	collect	temperature	data	throughout	the	city	6:00	in	the	morning	£,	3:00	p.m.	,	and	7:00	p.m.	on	July	13,	2017	[42].	Temperature	measurements
were	collected	at	a	second	interval	through	vehicle	crosses	throughout	the	city,	using	temperature	sensors	mounted	on	GPS	venacles	and	devices.	All	temperature	and	location	data	were	more	integrated	with	Satan	Sentinel-2	data	to	predict	environmental	temperatures	throughout	the	city.	According	to	Shandas	et	al.,	The	integration	of	in	situ
temperature	media	based	on	the	soil	and	the	data	of	land	use	/	Sentinel-2	(LULC)	was	made	by	the	construct.	Of	a	predictive	model	based	on	the	relationship	between	values	observed	at	situ	temperature	and	its	associated	LULC	attributes	[37].	Where	the	temperatures	were	in	place	were	not	measured	could	be	foreseen	based	on	their	LULC
attributes.	This	model	produced	a	set	of	ambient	temperature	data	throughout	the	city,	which	was	provided	by	Dr.	Jeremy	Hoffman	to	support	this	study.	The	resulting	ambient	temperature	data	set	contain	three	layers	of	resolution	rash	of	10	m	from	6:00	a.m.,	3:00	p.m.,	and	7:00	p.m.	This	study	used	the	version	of	3:00	p.m.	(Figure	2a)	because	they
contain	the	highest	temperatures,	which	represented	the	urban	heat	islands	Given	that	the	set	of	ambient	temperature	data	is	in	raster	format,	the	block	group	level	temperatures	need	to	be	aggregated	from	the	temperature	values	stored	in	the	raster	grid	cells.	raster."S	zoneal	statistics	as	the	table	tool	can	summarize	the	values	of	a	scan	within	the
zones	of	another	dataset	and	report	the	results	as	a	table	[43].	Specifically,	the	following	parameters	of	ArcGIS	Pro	were	used	to	calculate	the	average	ambient	temperatures	at	the	block	group	level:	input	zone	data:	Richmond	Block	Group	Layer;	zone	field:	ID	of	block	group	(i.e.	block	group	identification	numbers);	inlet	raster:	city	-Ambient
temperature	raster	path	throughout	the	environment	(15:00);	Using	the	Arcgis	Pro	"Surface	statistics	as	a	table	tool,	the	environmental	temperatures	associated	with	the	raster	grid	cells	within	a	certain	group	of	blocks	were	aggregated	to	calculate	the	average	temperature	environment	of	this	group	of	blocks	(Figure	2B).	The	block	group	means	the
ambient	temperature,	indicated	as	Ambient_Temp	in	this	study,	serves	as	the	proxy	variable	of	the	UHI,	as	well	as	the	dependent	variable	in	the	next	regression	analysis	(Section	3.1),	which	examines	the	impacts	of	the	types	of	soil	coverage	at	environmental	temperatures.	The	Virginia	Geographic	Information	Network	(VGIN)	and	its	partners
coordinated	the	development	of	a	land	coverage	data	set	across	the	state	[38]	that	leverages	the	Virginia	Base	Mapping	Program	(VBMP)	digital	spelling	to	create	a	one-metre	resolution	digital	coverage	rating	across	the	state.	This	dataset	contains	a	total	of	219	maps	and	was	available	to	the	public	in	2016	[44].	Specifically,	Richmond	is	partially
covered	by	the	maps	S13_76,	S13_77	and	S13_87.	The	above	mentioned	map	tiles	were	downloaded	and	stuck	with	the	limits	of	the	city	of	Richmond	using	the	"Clipe"	of	the	Arcgis	Pro	"tool"	clip	"[45].	This	was	done	using	the	following	parameters	of	"click"	tools:	Input	resources:	map	Tiles	S13_76,	S13_77	and	S13_87	atiefrep	atiefrep	ertserret
arutreboc	ed	sodad	ed	otnujnoc	mu	rizudorp	arap	sotnuj	sodaxena	marof	sodatroc	apam	ed	sohlirdal	so	,]64[	atnemarref	ad	"dneppA"	S	¢â	¬â	orP	sigcrA	on	adartne	ed	sodad	ed	sotnujnoc	EMELCEF	PILC	;)zev	adac	ed	mu	sodatroc	marof	Richmond	with	the	following	types	of	earth	cover:	water	characteristic,	waterproof	surface,	sterile	earth,	tree
cover	and	grass	grass	(Figure	3).	Similar	to	the	ambient	temperature,	the	earth	cover	data	at	the	Block	Group	level	need	to	be	compiled	from	the	earth	cover	layer.	The	"Tabulated	Intersection"	tool	of	the	ArcGIS	Pro	can	compute	the	intersection	between	two	classes	of	characteristics	and	cross-tabular	the	area,	length	or	count	of	the	intersection
characteristics	[47].	Specifically,	the	following	ArcGIS	parameters	Pro	were	used	to	derive	the	area	measurement	of	each	type	of	earth	cover	at	the	Block	Group	level:	Features	of	the	input	zone:	Richmond	Block	layer;Zone	field:	Block	Group	ID	(i.e.	block	group	identification	numbers);	input	class	characteristics:	ground	coverage	data	set;	Clasp	field:
Land	cover	ID	(i.e.	identification	numbers	of	land	cover	types).	Using	ArcGIS	The	Pro	“Tabulado	Intersection”	tool,	the	earth	cover	layer	was	intersected	with	the	Richmond	Block	Groups	to	derive	the	areas	of	land	cover	types	within	the	Block	Groups.	Based	on	land	coverage	measures,	the	percentages	of	land	cover	types	within	a	group	of	blocks	were
calculated	and	described	below.	Water_pct:	percentage	of	block	group	area	covered	by	water	resources;	Impervious_pct:	block	group	area	percentage	covered	by	impermeable	surfaces;Barren_pct:	block	group	area	percentage	covered	by	sterile	earth;Tree_pct:	block	group	area	percentage	covered	by	lawn.	These	percentages	of	land	cover	types
serve	as	independent	variables	in	the	next	regression	analysis	(Section	3.1)	of	the	impacts	of	land	cover	types	at	environmental	temperatures.	Thedata	on	vulnerable	populations	were	obtained	from	the	2017	American	Community	Survey	(ACS)	5-year	estimates	at	Block	Group	level.	In	particular,	five	vulnerable	populations	are	investigated	in	this
study.	They	are	described	below	along	with	their	associated	ACS	data	associated	withPercentage	of	older	adults	aged	65	years	or	older	(data	source:	ACS	Table	B01001);	Non-White_PCT:	Percentage	of	non-white	population	(i.e.	minority)	(data	source:	ACS	Table	B02001);	below_poverty_pct:	Percentage	of	the	population	with	income	below	poverty
Level	(Data	Source:	ACS	Table	B17021);	Dispability_PCT:	Percentage	of	population	20	-	64	years	with	a	deficiency	(data	source:	ACS	Table	B23024);	NO_INSurance_PCT:	Percentage	of	the	population	without	health	insurance	coverage	(data	source:	ACS	Table	B27010)	.	The	above	ACS	tables	were	downloaded	from	the	US	Census	Bureau	website,
united	to	the	Richmond	block	group	layer	and	viewed	in	the	Arcgis	Pro.	Space	distributions	of	vulnerable	populations	are	presented	in	Figure	4.	The	average	ambient	temperature	at	the	block	group	level	(Figure	4A)	is	shown	again	to	provide	a	visual	reference	compared	to	the	spatial	patterns	of	vulnerable	populations.	A	regression	model	was	built	to
examine	the	impacts	of	the	types	of	soil	coverage	at	environmental	temperatures.	It	sheds	light	in	the	direction	and	strength	of	the	influence	of	each	type	of	earth	cover	at	the	environmental	temperatures.	This	provides	information	on	mitigation	of	UHI	effects	by	altering	land	cover	types	or	modifying	their	thermal	properties.	The	regression	analysis
was	performed	using	SPSS,	where	the	ambient	temperature	is	the	dependent	variable	and	the	earth	cover	types	are	the	independent	variables.	This	regression	model	is	presented	in	Equation	1	and	further	discussed	in	section	3.1.	The	relationship	between	environmental	temperature	and	vulnerable	populations,	correlation	analysis	can	help	to
examine	how	vulnerable	populations	are	exposed	to	urban	heat.	The	correlation	analysis	was	also	performed	using	SPSS.	The	results	of	the	correlation	analysis	are	presented	and	discussed	in	section	3.2.	In	addition	to	regression	and	edno	edno	adazimito	o£Ã§Ãulos	amu	recenrof	edop	euq	,"odairavitlum	ed	retsulc	ed	retsulc"	ed	atnemarref	a	,SSPS	on
sadazilaer	euq	sacitsÃtatse	satium	uoreg	o£Ãsserger	ed	esil¡Ãna	a	,1	alebaT	an	odartsom	omoC	:omoc	otircse	res	edop	o£Ãsserger	ed	oledom	o	,)1	alebaT(	o£Ãsserger	ed	esil¡Ãna	ad	sodavired	o£Ãsserger	ed	setneicifeoc	so	sodaD	.2.2	o£Ã§ÃeS	an	sotircsed	olos	od	arutreboc	ed	sopit	sod	sadaluclac	snegatnecrop	san	sadaesab	o£Ãs	)TCP_ssargfruT
,TCP_eerT	,TCP_nerraB	,TCP_suoivrepmI	,TCP_retaW(	setnednepedniââ	siev¡Ãirav	sA	.1.2	o£Ã§ÃeS	an	otircsed	etneibma	arutarepmet	ed	sodad	ed	otnujnoc	od	adavired	©Ã	)pmeT_tneibmA(	etnedneped	lev¡Ãirav	A	:omoc	osserpxe	©Ã	o£Ãsserger	ed	oledom	O	.socolb	ed	opurg	od	levÃn	on	etneibma	sarutarepmet	san	arret	ad	arutreboc	ed	sopit	sod
sotcapmi	so	ranimaxe	arap	odÃurtsnoc	iof	o£Ãsserger	ed	oledom	mu	,arret	ad	arutreboc	ed	sopiT	.o£Ã§Ães	amix³Ãrp	an	sadatneserpa	o£Ãs	odairavitlum	otnemapurga	e	o£Ã§Ãalerroc	,o£Ãsserger	ed	sesil¡Ãna	sad	sotiecnoc	sA	.)sodad	ed	o§Ãapse	on	ortuo	od	mu	egnol	o£Ãtse	euq	sosrucer	matneserper	sadanoiceles	setneuqesbus	setnemes	sa	euq
etnematreC	acirbaf	e	etnemes	ariemirp	a	etnemairotaela	anoiceles	o£Ã§Ãpo	atsE	:atoN(	setnemes	ed	sodazimito	siacoL	:o£Ã§Ãazilaicini	ed	odot©ÃM	;)adartne	ed	sosrucer	son	sreiltuo	e	odÃur	oa	atsubor	siam	©Ã	o£Ã§Ãpo	atsE	:atoN(	sedi³Ãdem	k	:otnemapurga	ed	odot©Ãm	;)tcp_ytrevop_oxiaba(	azerbop	ed	levÃn	od	oxiaba	adner	moc	o£Ã§Ãalupop
ed	megatnecrop	e	)tcp_ethw_o£Ãn(	acnarb	o£Ãn	o£Ã§Ãalupop	ed	megatnecrop	,)pmet_etneibma(	etneibma	arutarepmet	:esil¡Ãna	ed	sopmac	;dnomhcir	ed	socolb	ed	opurg	ed	adamac	:adartne	ed	sacitsÃretcarac	:otnemapurga	ed	adairavitlum	esil¡Ãna	a	razilaer	arap	sodazilitu	marof	orP	SIGcrA	od	sortem¢Ãrap	setniuges	so	,odutse	etseN	.sadanoicerid
res	meved	o£Ã§Ãagitim	ed	sadidem	edno	,siev¡Ãrenluv	seµÃ§Ãalupop	ed	satla	siam	snegatnecrop	e	satla	siam	siatneibma	sarutarepmet	moc	sacifÃcepse	saer¡Ã	racifitnedi	edop	odairavitlum	otnemapurga	o	,omuser	mE	.]84[	levÃssop	etnerefid	siam	o	o£Ãs	is	me	sopurg	so	sodot	e	,levÃssop	setnahlemes	siam	o	o£Ãs	retsulc	adac	ed	ortned	socolb	ed
sopurg	sO	the	relationship	between	dependent	and	independent	variables,	as	well	as	the	explanatory	powerdezidradnats	no	desab	sisylana	noisserger	a	morf	devired	eraÂÂÃ¢seulav	ateb	ehtÂÂÃ¢stneiciffeoc	noisserger	dezidradnats	ehT.eussi	ytiraenilloc	gninrecnoc	a	evah	ton	seod	ledom	noisserger	eht	,)01	naht	ssel(	wol	ylevitaler	era	seulav	FIV	eht
ro	,)1.0	naht	retaerg(	hgih	ylevitaler	era	seulav	ecnarelot	eht	taht	neviG	.ytiraenilloc	ssel	ro	seulav	ecnarelot	regral	htiw	detaicossa	era	seulav	FIV	rellams	,erofereht	;ecnarelot	eht	fo	lacorpicer	eht	si	FIV	.ytiraenilloc	ssel	ot	etalsnart	hcihw	,seulav	2R	rellams	htiw	detaicossa	era	seulav	ecnarelot	regral	,sdrow	rehto	nI	.selbairav	tnednepedni	eht	fo	tser
eht	yb	desserger	si	elbairav	tnednepedni	nevig	a	nehw	ledom	noisserger	eht	fo	2R	eht	sunim	eno	yb	detupmoc	si	ecnareloT	.)FIV(	rotcaf	noitalfni	ecnairav	dna	ecnarelot	:sisylana	noisserger	eht	yb	decudorp	era	Scitsitats	ytiraenilloc	owt,	yllacificeps	.ycnadnuder	eziminim	ot	ledom	noisserger	eht	morf	dedulcxe	eb	dluohs	ti,	selbairav	tnednepedni	rehto
htiw	detalerroc	ylhgih	si	elbirav	tnedne	pedni	na	fI	.sisylana	noisserger	eht	nihtiw	desongaid	osla	saw	selbairav	tnednepedni	gnoma	ytiraenilloC.erutarepmet	tneibma	ni	ecnairav	eht	fo	tnecrep	86	revo	denialpxe	sepyt	revoc	dnal	,286.0	fo	2R	detsujda	na	neviG	.ledom	noisserger	eht	fo	ytilibailer	eht	esaercni	ot	pleh	hcihw	,snoitavresbo	dna	selbairav	
tnednepedni	fo	rebmun	eht	tnuocca	otni	sekat	ti	esuaceb	nesohc	si	2R	detsujdA	.selbairav	tnednepedni	eht	yb	denialpxe	elbairav	tnedneped	eht	ni	ecnairav	fo	egatnecrep	eht	ssessa	ot	desu	eb	nac	2R	detsujda	dna	2R	htob	,selbairav	tnednepedni	eht	fo	rewop	yrotanalpxe	eht	ot	semoc	ti	nehW	.)238.0	=	R	elpitlum(	sepyt	revoc	dnal	dna	erutarepmet
tneibma	neewteb	pihsnoitaler	gnorts	a	stibihxe	osla	tI	.)100.0	<	p	,387.96	=	F(	tnacifingis	yllacitsitats	si	ledom	noisserger	siht	,ledom	noisserger	eht	fo	ecnacifingis	lacitsitats	eht	ssessa	ot	desu	citsitats	a	,	eulav	f	eht	htiw	gnitrats	.elbairav	tnedneped	eht	no	selbairav	tnednepedni	fo	ecneulfni	values.	They	can	be	used	to	evaluate	and	compare	the
influence	of	variables,	independent	of	the	dependent	variance	based	on	pattern	deviation.	Variables	â	€	‹Independent	with	positive	beta	values	positive	impacts	on	the	dependent	variance,	while	negative	beta	values	indicate	negative	impacts.	Absolute	beta	values	can	be	used	to	evaluate	the	forces	of	the	impacts	of	variables	â	€	ught	independent.
Regarding	the	impacts	of	soil	coverage	types	on	environmental	temperatures,	beta	values	indicate	that	the	immediate	superior	has	the	strongest	impact	(beta	=	0.786),	followed	by	the	lawn	grass	(beta	=	0.415),	COVERAGE	(BETA	=	¢	†	'0.201),	Earth	(beta	=	0.180)	and	characteristic	of	water	(beta	=	¢'	0.016).	It	is	worth	noting	that	the	superior
immediately,	the	grass	of	grass	and	the	land	is	the	positive	beta	values	in	the	regressive	model,	indicating	that	all	contribute	to	the	increase	of	environmental	temperatures.	Respectively,	the	coverage	of	the	leisure	and	the	characteristic	of	the	negative	beta	values	and	the	effects	of	cooling	on	environmental	temperatures.	Finally,	the	value	was	a
statistical	used	to	evaluate	the	statistical	significance	of	the	impact	of	a	certain	independent	variable	in	the	dependent	variance.	Among	the	variables,	the	independent	of	the	independent.	unequal	distribution	in	the	city.	A	correlation	-related	manner	was	performed	to	investigate	the	relationships	between	room	temperature	and	vulnerable	population,
and	the	resulting	correction	coefficients	are	presented	in	Table	2.	The	population.	Vulnerable	that	has	a	negative	relationship	with	ambient	temperature	are	the	elderly	(r	=	'0.3131),	indicating	that	they	are	less	susceptible	to	urban	heat.	On	the	other	hand,	the	other	vulnerable	populations	roiam	roiam	moc	socolb	,socifÃcepse	sopurg	mE	.onabru
rolac	oa	odaicossa	edºÃas		Ã	ocsir	roiam	mu	mªÃt	sale	euq	odniregus	e	tcp_ethw_o£Ãn	,pmet_tneibma	ed	retsulc	adac	ed	soid©Ãm	sodazinordap	serolav	so	artsom	m©Ãbmat	A5	arugiF	A	.1	ed	o£Ãrdap	oivsed	mu	e	0	ed	aid©Ãm	amu	ahnet	etnatluser	sodad	ed	otnujnoc	o	euq	arap	,soturbââ	siev¡Ãirav	ed	serolav	so	odnazinordap	sodavired	o£Ãs
sodazinordapââ	siev¡Ãirav	serolav	sO	.)TCP_ytrevop_oxiaba(	azerbop	ed	levÃn	od	oxiaba	adner	moc	o£Ã§Ãalupop	ed	megatnecrop	e	)TCP_ETHW_o£Ãn(	acnarb	o£Ãn	o£Ã§Ãalupop	ad	megatnecrop	,)pmeT_tneibmA(	etneibma	arutarepmet	ad	sodazinordap	serolav	soa	ednopserroc	A5	arugiF	an	latnoziroh	oxie	O	.sretsulc	setnerefid	a	sodaicossa
sodazinordapââ	siev¡Ãirav	serolav	ed	savisulcxe	seµÃ§Ãanibmoc	sa	odnartsuli	)A5	arugiF(	axiac	ed	socif¡Ãrg	uizudorp	adairavitlum	otnemapurga	ed	esil¡Ãna	A.	)10,0<	P(	avitacifingis	etnemacitsitatse	©Ã	latneibma	arutarepmet	a	moc	o£Ã§Ãaler	aus	;onabru	rolac	oa	odaicossa	ocsir	roiam	mu	uo	)2	alebaT(	etneibma	arutarepmet	a	moc	avitisop
o£Ã§Ãaler	amu	mªÃt	sele	:setniuges	so	o£Ãs	sodairavitlum	sotnemapurga	ed	esil¡Ãna	an	sadÃulcni	marof	tcp_ytrevop_oxiaba	e	tcp_etihw_o£Ãn	sanepa	siauq	salep	seµÃzar	sA	.)tcp_ytrevop_oxiaba(	levÃn	azerbop	ad	oxiaba	adner	moc	o£Ã§Ãalupop	e	)TCP_etihW-o£Ãn(	acnarb	o£Ãn	o£Ã§Ãalupop	,)pmeT_tneibmA(	etneibma	arutarepmet	an	esab	moc
sovisulcxe	siaicapse	sopurg	racifitnedi	arap	odazilaer	iof	,4.2	o£Ã§ÃeS	an	odacificepse	emrofnoc	,orP	SIGcrA	od	adairavitlum	retsulc	ed	esil¡Ãna	a	,saicnªÃicifed	sasse	rarepus	araP	.siev¡Ãrenluv	seµÃ§Ãalupop	ed	o£Ã§Ãiubirtsid	a	moc	o£Ã§Ãaicossa	me	siatneibma	sarutarepmet	sad	laicapse	o£Ã§Ãiubirtsid	a	e	o£Ã§Ãazilacol	ed	rotaf	o	o£Ã§Ãaredisnoc
me	uovel	o£Ãn	,siev¡Ãrenluv	seµÃ§Ãalupop	e	etneibma	arutarepmet	ertne	seµÃ§Ãaler	sad	lareg	megami	amu	uotneserpa	o£Ã§Ãalerroc	ed	esil¡Ãna	a	arobmE	.)7601,0	=	r(	arutreboc	A	edºÃas	ed	oruges	mes	o£Ã§Ãalupop	e	)9460,0	=	r(	aicnªÃicifed	moc	sona	46-02	o£Ã§Ãalupop	,)7742,0	=	r(	azerbop	ed	levÃn	od	oxiaba	adner	moc	o£Ã§Ãalupop	,)7022,0
=	r(	acnarb	o£Ãn	o£Ã§Ãalupop	ed	satla	siam	snegatnecrop	ret	a	mednet	sarutarepmet	sA	The	width	of	each	box,	shaded	in	gray,	represents	sodahca	sessE	.o£Ã§Ãategev	ed	opit	mu	ajes	euq	omsem	,satla	siam	siatneibma	sarutarepmet	arap	iubirtnoc	m©Ãbmat	)eflog	ed	opmac	,odamarg	,olpmexe	rop(	avler	ed	amarg	euq	raton	es-eved	,ossid	m©ÃlA
.odarepse	res	edop	osicerp	siam	odatluser	mu	,otnatrop	;etil©Ãtas	me	sodaesab	sodad	ed	sotnujnoc	euq	od	anif	siam	otium	ortem	mu	ed	o£Ã§Ãuloser	amu	met	)NIGV(	krowteN	noitamrofnI	cihpargoeG	ainigriV	alep	odicenrof	arret	ed	arutreboc	ed	sodad	ed	otnujnoc	o	,rodavoni	amugla	amrof	ed	ajes	o£Ãn	odahca	etse	arobmE	.)1	alebaT(	onabru	rolac
on	otnemairfser	ed	otiefe	mu	met	serovr¡Ã	sad	arutreboc	a	otnauqne	,siatneibma	sarutarepmet	seroiam	arap	iubirtnoc	lev¡Ãemrepmi	eicÃfrepus	a	euq	maramrifa	sodahca	sO	.sretsulc	sortuo	so	moc	o£Ã§Ãarapmoc	me	siev¡Ãrenluv	seµÃ§Ãalupop	e	etneibma	arutarepmet	roiam	a	moc	socolB	ed	sopurG	atneserper	siop	,o£Ã§Ãneta	roiam	a	ecerem	)d5
arugiF(	3	retsulC	,sretsulc	so	ertnE	.acnarb	o£Ãn	aid©Ãm	o£Ã§Ãalupop	ad	amica	sam	,azerbop	ed	levÃn	od	oxiaba	adner	moc	o£Ã§Ãalupop	e	aid©Ãm	etneibma	arutarepmet	moc	ocolB	sopurG	matneserper	4	retsulC	.said©Ãm	siev¡Ãrenluv	seµÃ§Ãalupop	sa	euq	od	axiab	siam	e	axiab	siam	etneibma	arutarepmet	a	moc	socolB	ed	sopurG	atneserper	2
retsulC	.said©Ãm	siev¡Ãrenluv	seµÃ§Ãalupop	sa	euq	od	ronem	sam	,aid©Ãm	ad	amica	etneibma	arutarepmet	moc	socolB	ed	sopurG	atneserper	1	retsulC	,)a5	arugiF(	stolp-xob	gniretsulc	sodairavitlum	so	moc	odroca	eD	.azerbop	ed	levÃn	od	oxiaba	adner	moc	o£Ã§Ãalupop	e	acnarb	o£Ãn	o£Ã§Ãalupop	,etneibma	arutarepmet	ed	setnahlemes	otium
sotubirta	mahlitrapmoc	retsulc	adac	ed	ortned	socolB	ed	sopurG	so	edno	,sretsulc	ortauq	avired	sodairavitlum	sretsulc	ed	esil¡Ãna	a	,5	arugiF	an	odartsom	omoC	.tcp_ytrevop_woleb	e	,tcp_ethw_non	,pmet_tneibmA	ues	rarapmoc	oa	sretsulc	so	ertne	sa§Ãnerefid	sad	o£Ãsnetxe	a	razilausiv	a	aduja	sitrauqretni	solavretni	soa	o£Ã§Ãaler	me	soid©Ãm
sodazinordap	siev¡Ãirav	serolav	so	gnittolP	.)sitnecrep	o57	e	o52	o	,ajes	uo(	sitrauq	oriecret	e	oriemirp	olep	adinifed	litrauqretni	amag	sahlev	sahlev	siam	sa	otecxe	,siev¡Ãrenluv	seµÃ§Ãalupop	euq	erbocsed	odutse	etsE	.oxiaba	3.4	o£Ã§ÃeS	an	oditucsid	IHU	otiefe	o	ragitim	ed	otxetnoc	on	sietºÃ	tend	to	live	in	higher	environmental	temperatures	(Table
2).	This	is	especially	true	for	the	population	and	population	in	white	with	income	below	the	level	of	poverty.	In	addition,	these	vulnerable	populations	are	spatially	grouped	into	the	city's	specific	ones	(Figure	5D).	These	vulnerable	populations	are	limited	heat	adaptive	capacities,	putting	them	at	greater	risk	of	stressful	stress	[24,27].	Being	able	to
identify	the	groups	of	spectable	blocks	in	the	vulnerable	cluster	would	help	the	policy	formulators	and	stakeholders	prioritizing	and	targeting	mitigation	measurements	for	these	areas.	These	discoveries	also	important	implications	for	public	policies	and	environmental	justice	in	relation	to	the	equitable	distribution	of	environmental	resources	[29,49],
such	as	planting	or	building	neighborhood	parks.	By	increasing	or	decreasing	environmental	temperatures	(Table	1),	vulnerable	clusters	are	prioritized	for	mitigation	measures	according	to.	Within	the	context	of	this	study,	the	implementation	of	the	following	measures	would	help	reduce	the	intensity	of	urban	heat	and	its	negative	effect	on	health.
Urban	superfanies,	such	as	street	floors,	parking	lots,	construction	envelopes	and	roofs,	absorb	a	large	amount	of	solar	radiation,	which	increases	the	room	temperature	and	contributes	to	the	formation	of	UHIS.	Increasing	the	albedo	from	the	constructed	environment	can	help	mitigate	the	uhi	effect.	For	example,	cold	pavement	materials	[50.51]	and
reflexive	materials	[52.53]	can	be	used	to	reflect	the	solar	radiation	away	from	urban	superfanic	vans,	which	,	in	turn,	it	would	reduce	the	uhi	effect	in	urban	areas.	ADDITION	£	o	Application	High	Alboro	Materials	for	Urban	Superfanies,	Green	Green	Coverage	and	Greater	Effects	of	Cooling	on	Urban	Heat	[14,15,25].	Expanding	the	coverage	of
lengths	and	green	space	in	urban	areas	can	be	performed	trees	[54.55],	creating	rolac	ed	sahli	sa	railava	edneterp	odutse	etsE	.edadic	an	siev¡Ãrenluv	seµÃ§Ãalupop	ed	laicapse	o£Ã§Ãiubirtsid	ed	seµÃrdap	so	racilpxe	a	raduja	medop	euq	sianoicida	serotaf	odnadutse	siam	adnia	sodiceuqirne	res	medop	sodahca	sO	.siev¡Ãrenluv	seµÃ§Ãalupop	e
etneibma	arutarepmet	ad	laicapse	o£Ã§Ãaicossa	a	uocifitnedi	e	o£Ã§Ãaler	a	uorolpxe	odutse	etsE;opmet	od	ognol	oa	siev¡Ãrenluv	seµÃ§Ãalupop	moc	o£Ã§Ãaicossa	aus	e	sanabru	rolac	ed	sahli	sad	sa§Ãnadum	sa	erbos	sasoilav	seµÃ§Ãamrofni	¡Ãrecerefo	lanidutignol	odutse	mu	,etnemlauna	sievÃnopsid	merevitse	edadic	a	adot	me	etneibma	arutarepmet
ed	sodad	ed	sotnujnoc	siat	eS	.7102	me	sadateloc	arutarepmet	ed	sadidem	ed	odavired	levÃnopsid	etneibma	arutarepmet	ed	sodad	ed	otnujnoc	olep	odatimil	©Ã	odutse	etse	,launa	esab	amu	me	siev¡Ãrenluv	seµÃ§Ãalupop	ed	siativ	seµÃ§Ãamrofni	a§Ãenrof	]06[	)SCA(	yevruS	ytinummoC	naciremA	o	arobmE	;sedadic	setnerefid	me	sanabru	rolac	ed
sahli	a	sadaicossa	sedadilibarenluv	saus	e	sadatcapmi	seµÃ§Ãalupop	railava	arap	ovitarapmoc	odutse	mu	arap	edadinutropo	ednarg	amu	atneserpa	atsE	.sedadic	sartuo	me	setnahlemes	sodutse	razilaer	arap	siev¡Ãcilpa	o£Ãs	odutse	on	sodazilitu	sesil¡Ãna	e	sodot©Ãm	so	,otnatne	oN	.adatimil	o£Ã§Ãazilareneg	mªÃt	asiuqsep	ed	sodahca	so	,dnomhciR
ed	edadic	ad	osac	ed	odutse	mu	omoC	.iuqa	saditucsid	o£Ãs	e	asiuqsep	ed	sarutuf	sedadinutropo	omoc	es-matneserpa	seµÃ§Ãatimil	sa	,lauta	odutse	od	otibm¢Ã	od	m©Ãla	sianoicida	o§Ãrofse	e	o£Ã§Ãneta	majixe	setnatimil	serotaf	setse	arobmE	.sacig³Ãlodotem	siauq	sad	samugla	e	sodad	moc	sadanoicaler	o£Ãs	siauq	sad	samugla	,seµÃ§Ãatimil
samugla	met	,sanabru	rolac	ed	sahli	e	siev¡Ãrenluv	seµÃ§Ãalupop	ed	laicapse	o£Ã§Ãaicossa	e	o£Ã§Ãaler	a	erbos	sthgisni	snugla	uecenrof	euq	oicÃcrexe	mob	mu	odis	ahnet	odutse	etse	arobmE	.onabru	etneibma	o	razelebme	e	IHU	otiefe	o	ragitim	etnemavitefe	medop	sadidem	satsE	.setnetsixe	soicÃfide	arap	sol-gnittiforter	e	o£Ã§Ãurtsnoc	ed	ngised
ovon	me	]95,85[	adahcaf	e	edrev	odahlet	odnaroprocni	e	,]75,65[	edrev	o§Ãapse	e	and	types	of	land	coverage	in	relation	to	vulnerable	populations.	The	city	of	7102	ed	anabrU	megavleH	ed	ahlI	ad	sodad	ed	otnujnoc	o	uecenrof	euq	,ainÃgriV	ad	aicnªÃiC	ed	uesuM	od	,namffoH	ymereJ	a	ecedarga	rotua	O	.onretxe	otnemaicnanif	muhnen	uebecer	o£Ãn
asiuqsep	atsE	.siev¡Ãrenluv	seµÃ§Ãalupop	s	Ã	o£Ã§Ãaler	me	olos	od	arutreboc	ed	sopit	sod	e	sanabru	sahli	sad	o£Ãsneerpmoc	asson	revomorp	arap	sedadilacol	sartuo	radutse	arap	adacilpa	res	edop	e	levÃrefsnart	©Ã	odutse	etsen	adivlovnesed	aigolodotem	a	,otnatne	oN	.sianoicida	o£Ã§Ãadilav	e	sasiuqsep	mes	dnomhciR	ed	m©Ãlaââ	siev¡Ãzilareneg
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Richmond,	Virginia.	Figure	1.	Area	of	study	and	its	location	-	the	city	of	Richmond,	Virginia.	Figure	2.	(a)	Ambient	temperatures	of	Richmond,	Virginia.	(Data	source:	soil	temperature	measurements	were	collected	through	vehicular	crossings	at	3:00	p.m.	on	July	13,	2017	and	integrated	with	the	Sentinel-2	satellite	data	to	predict	environmental
temperatures	throughout	the	city	[37];	(b)	average	ambient	temperature	at	the	Block	Group	level.	Figure	2.	(a)	Ambient	temperatures	of	Richmond,	Virginia.	(Data	source:	soil	temperature	measurements	were	collected	through	vehicular	crossings	at	3:00	p.m.	on	July	13,	2017	and	integrated	with	satellite	data	Sentinel-2	to	predict	environmental
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Figure	3.	Types	of	Richmond	land	cover,	Virginia.	(Data	source:	Land	coverage	data	were	downloaded	using	the	Land	Cover	DataSet	Download	application	developed	by	Virginia	Geographic	Information	Network	(VGIN)	[44]).	Figure	4.	City	of	Richmond	ambient	temperature	and	populations	vulnerable	to	the	group	of	the	block	group:	(a)	ambient
temperature	Mã	©	day;	(b)	percentage	of	elderly	65	years	and	older;	(c)	percentage	of	population	not	white;	(d)	percentage	of	population	with	income	below	the	level	of	poverty;	(e)	percentage	of	population	of	20	to	64	years	with	disabilities;	(f)	percentage	of	population	without	safe	insurance	coverage.	Figure	4.	City	of	Richmond	ambient	temperature
and	populations	vulnerable	to	the	group	of	the	block	group:	(a)	ambient	temperature	Mã	©	day;	(b)	percentage	of	elderly	65	years	and	older;	(c)	percentage	of	population	not	white;	(d)	percentage	of	population	with	income	below	the	level	of	poverty;	(e)	percentage	of	population	of	20	to	64	years	with	disabilities;	(f)	percentage	of	population	without
safe	insurance	coverage.	Figure	5.	Multivariate	environmental	temperature	(ambient_temp),	percentage	of	the	non	-white	population	(non_whte_pct),	and	percentage	of	the	population	with	income	below	the	noise	of	poverty	(Below_Poverty_PCT):	(a	a	)	Box-plots;	(b)	cluster	1;	(C)	Cluster	2;	(D)	Cluster	3;	(E)	cluster	4.	Figure	5.	Multivariate
environmental	temperature	(environment_temp),	percentage	of	the	non	-white	population	(non_whte_pct),	and	percentage	of	the	population	with	a	poverty	income.	(Below_Poverty_PCT):	(A)	Box-plots;	(b)	cluster	1;	(C)	Cluster	2;	(D)	Cluster	3;	(E)	Cluster	4.	Table	1.	Room	temperature	regressive	and	land	cover	types	(n	=	161).	Table	1.	Room	-
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