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Abstract	
	

This	capstone	aims	to	assess	the	viability	of	implementing	Low	Impact	

Development	(LID)	as	a	sustainable	alternative	to	conventional	stormwater	

management	systems.	Conventional	stormwater	management	systems	are	

expensive,	can	cause	pollution,	and	waste	stormwater	runoff	that	could	otherwise	

be	used	as	a	resource.	The	goal	of	this	study	will	be	to	assess	LID	as	a	stormwater	

management	technique	and	identify	the	most	important	features	and	techniques	to	

consider	using	in	future	implementation	of	LID	projects.	This	was	accomplished	

through	the	review	of	research	pertaining	to	stormwater	management,	conventional	

stormwater	management	systems,	and	LID	features	and	techniques.	Four	case	

studies	of	projects	that	implemented	various	LID	features	and	techniques	were	

reviewed.	A	ranking	system	was	developed	in	an	effort	to	assess	and	analyze	the	

various	components	of	each	case	study’s	project	design	and	performance.	After	

applying	the	ranking	system	to	the	case	studies,	it	was	determined	that	the	most	

influential	and	impactful	features	and	techniques	included	bioretention	areas,	

bioswales,	and	the	incorporation	of	large	amounts	of	native	vegetation.		 	
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Introduction	

Storm	water	management	plays	a	key	role	in	the	successful	design	of	an	

urban	area.	Whether	it	is	at	the	scale	of	lot	size,	or	regionally	for	an	entire	

municipality,	in	order	for	a	built	environment	to	be	able	to	successfully	handle	

storm	water	runoff,	it	must	employ	some	form	of	storm	water	management	

technique.	End-of-pipe	storm	water	treatment	facilities	are	very	common	across	the	

United	States,	due	to	the	fact	that	“most	entities	in	charge	of	stormwater	

management	systems	over	the	past	four	decades	generally	have	adopted	

maintenance	plans	or	guidelines	for	conventional	systems”,	wherein	water	is	

collected	through	storm	drains	and	transported	through	underground	pipelines	to	a	

large	treatment	facility	(Houle,	et	al.,	2013).	While	this	type	of	management	

technique	is	very	common,	it	does	not	necessarily	mean	it	is	the	best	practice.	These	

types	of	systems	are	very	expensive	because	they	require	vast	amounts	of	

infrastructure,	including	storm	drains	and	storm	water	pipelines,	as	well	as	massive	

and	expensive	treatment	facilities.		

To	add	to	the	problem,	instead	of	repurposing	the	water	and	using	it	to	our	

advantage,	these	facilities	are	based	on	the	idea	of	storm	water	disposal	(Montalto,	

et	al.,	2007).	While	these	facilities	do	help	mitigate	the	potentially	threatening	

effects	of	storm	water,	they	do	not	strive	to	make	use	of	the	resource.	A	much	more	

innovative,	beneficial,	and	economic	approach	to	storm	water	management	is	Low	

Impact	Development	(LID).	As	opposed	to	collecting	storm	water	and	transporting	it	

to	one	location	to	be	processed,	LIDs	aim	towards	managing	the	storm	water	onsite,	
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and	using	it	to	rehydrate	the	surrounding	ground	(Massachusetts	Department	of	

Conservation	and	Recreation,	n.d.).		

Instead	of	using	costly	and	extensive	infrastructure,	LIDs	use	natural	

elements	to	try	to	imitate	a	site’s	predevelopment	hydrology,	which	is	accomplished	

by	implementing	“uniformly	distributed	decentralized	micro-scale	controls…	that	

infiltrate,	filter,	store,	evaporate,	and	detain	runoff	close	to	its	source”	(Introduction	

to	LID,	n.d.).	Rather	than	managing	all	the	storm	water	from	a	large	region	like	the	

end-of-pipe	facilities	do,	LIDs	manage	runoff	at	the	source	through	small	scale	

designs	at	the	lot	level.	One	of	the	major	benefits	of	this	type	of	design	is	that	the	

runoff	is	used	to	rehydrate	the	landscape	at	the	source,	making	it	less	necessary	to	

irrigate	that	area,	allowing	for	even	more	savings.	The	landscape	features	that	make	

up	LIDs	are	known	as	Integrated	Management	Practices	(IMPs).	Nearly	everything	

in	the	built	environment	has	the	potential	to	be	an	IMP,	from	parking	lots	to	

rooftops	to	medians	(Introduction	to	LID,	n.d.).	Storm	water	management	can	be	

greatly	improved	upon	through	the	proper	design	and	implementation	of	IMPs	and	

the	overall	Low	Impact	Development	design,	especially	when	compared	to	

conventional	storm	water	management	systems.	This	capstone	will	look	at	the	

viability	of	implementing	Low	Impact	Development	(LID)	as	a	sustainable	approach	

to	stormwater	management	and	will	develop	a	rating	system	to	score	LID	systems.	
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Literary	Review	

Conventional	storm	water	management	systems	are	designed	to	capture,	

convey,	and	treat	runoff	from	the	urban	environment	(Montalto,	et	al.,	2007).	These	

systems	are	comprised	of	extensive	and	costly	infrastructure	including	storm	

drains,	underground	piping,	and	large	treatment	facilities.	Another	major	

component	of	conventional	storm	water	management	facilities	are	combined	sewer	

overflows	(CSOs),	which	expel	sewage	overflows	directly	into	water	bodies	when	

the	capacity	of	the	system	is	exceeded;	in	fact,	CSOs	were	found	to	be	the	leading	

cause	of	pollution	of	water	bodies	such	as	lakes	and	rivers	(Montalto	et	al.,	2007).	In	

conventional	systems,	storm	water	runoff	is	combined	with	sewage	and	treated	as	

waste	just	like	the	sewage.	This	is	one	of	the	issues	with	conventional	systems,	

because	they	dispose	of	runoff,	which	should	actually	be	treated	as	a	resource,	

instead	of	waste.		

Another	major	issue	with	traditional	methods	of	storm	water	management	is	

the	cost	that	accompanies	it.	Dietz	and	Clausen	(2008)	state	that	development	is	

continuing	“at	a	rapid	pace	throughout	the	country,	with	some	cities	increasing	in	

size	by	up	to	50%	in	the	past	30	years”;	as	the	urban	environment	grows,	the	storm	

water	management	infrastructure	must	also	expand	with	it.	This	results	in	

expensive	expansion	and	upgrading	of	the	entire	system	not	only	to	accommodate	

service	to	the	new	areas,	but	also	to	be	able	to	handle	the	increased	amount	of	

sewage	and	runoff.		

This	widespread	urbanization	also	brings	with	it	a	serious	increase	in	the	

area	of	impervious	surfaces	throughout	the	built	environment.	These	impervious	
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surfaces	prohibit	water	from	infiltrating	and	recharging	the	ground,	and	therefore	

runoff	water	has	to	be	diverted	to	the	storm	water	management	systems.	Due	to	the	

fact	that	storm	water	runoff	is	unable	to	be	filtered	by	the	ground	because	of	the	

increased	impervious	surface	area,	the	water	quality	is	decreased	and	the	level	of	

pollution	increases	(Dietz	&	Clausen,	2008).	This	happens	to	be	the	case	because	the	

water	cannot	be	naturally	cleansed	by	filtration	through	the	ground,	and	it	gets	

stuck	on	the	surface	where	it	is	contaminated	by	pollutants,	solids,	and	oils	that	it	

dissolves	(Davis,	2005).	This	poses	a	serious	environmental	concern	as	a	good	

portion	of	the	contaminated	runoff	will	lead	to	further	contamination	of	the	land	

surrounding	the	source	of	the	runoff	as	well	as	water	bodies	such	as	streams,	rivers,	

ponds,	and	lakes	downstream.	This	is	one	of	the	specific	issues	that	Low	Impact	

Developments	seek	to	rectify	through	the	“reduced	overall	impervious	footprint”	

and	“decentralized	treatment	and	infiltration	of	stormwater	runoff”	(Dietz	&	

Clausen,	2008).	

Low	Impact	Development	originated	“as	a	way	to	mitigate	the	negative	

effects	of	increasing	urbanization	and	impervious	surfaces”	through	the	use	of	“on-

site	small-scale	control	of	stormwater	sources”	(Dietz,	2007;	Elliot	&	Trowsdale,	

2007).	This	type	of	storm	water	management	is	a	more	environmental,	economic,	

and	aesthetically	beneficial	system	compared	to	conventional	storm	water	

management	systems	with	vast	and	expensive	infrastructure	requirements.	The	

mission	of	LIDs	“is	to	mimic	a	site’s	predevelopment	hydrology	by	using	design	

techniques	that	infiltrate,	filter,	store,	evaporate,	and	detain	runoff	close	to	its	

source”	(Introduction	to	LID,	n.d.).	The	design	of	LIDs	is	based	around	natural	
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landscape	features	that	serve	a	dual	purpose	as	functional	runoff	control	systems.	

These	features,	known	as	Integrated	Management	Practices	(IMPs)	are	designed	to	

reduce	and	control	pollutants,	runoff	volume,	velocity,	and	time	(Introduction	to	

LID,	n.d.).	

By	restoring	a	site	as	close	as	possible	to	its	natural	predevelopment	

hydrology	and	ecology,	you	can	improve	the	site’s	ability	to	handle	and	control	

storm	water	runoff	as	it	would	naturally.	This	objective	is	due	to	the	fact	that	LID	is	

an	ecosystem-based	approach	to	storm	water	management	that	“seeks	to	design	the	

built	environment	to	remain	a	functioning	part	of	an	ecosystem	rather	than	exist	

apart	from	it”	(Introduction	to	LID,	n.d.).	

Critics	of	LID	believe	that	one	of	the	major	flaws	with	this	type	of	system	is	

that	its	performance	is	dependent	upon	the	actions,	or	rather	inactions	of	the	

property	owner,	claiming	that	most	will	not	maintain	the	features	and	therefore	

render	them	ineffective;	this	however	is	far	from	the	reality	of	the	design	(Houle,	et	

al.,	2103).	A	properly	designed	LID	is	virtually	maintenance-free	and	is	actually	

affected	very	little	by	the	property	owner’s	behavior	(Introduction	to	LID,	n.d.).	This	

being	said,	the	true	success	of	LIDs	is	dependent	upon	the	creativity,	knowledge,	and	

competency	of	the	professionals	involved	in	the	design	and	construction	of	the	

project	–	if	you	have	an	uneducated	team	developing	the	design,	the	design	will	be	

ineffective,	whereas	an	educated	and	skilled	team	would	be	able	to	achieve	a	

properly	functioning	design.	

LIDs	are	particularly	cost	effective	and	economically	beneficial	alternatives	

to	conventional	storm	water	management	systems	because	they	require	so	little	
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material,	labor,	and	land	inputs.	Since	LID	techniques	are	“micro-scale	control	

practices”	applied	at	the	lot	level,	there	are	far	fewer	off-site	costs	like	there	are	

with	conventional	systems	(Ahiablame,	Engal,	&	Chaubey,	2013;	Introduction	to	LID,	

n.d.).	LIDs	are	also	cost	effective	because	they	help	cut	back	on	the	amount	of	runoff	

needing	to	be	treated	at	conventional	treatment	facilities	by	controlling	and	treating	

the	runoff	at	its	source,	through	natural	processes	of	infiltration	and	ground	

filtration.	This	also	poses	another	economic	benefit	due	to	the	fact	that	this	

infiltration	and	ground	water	recharge	severely	cuts	back	on	the	necessity	for	

irrigation	of	landscaped	and	natural	areas	(Introduction	to	LID,	n.d.).	

There	are	many	different	Low	Impact	Development	techniques	that	can	be	

incorporated	in	a	site’s	design	in	order	to	maximize	its	potential	to	handle	storm	

water	runoff	in	accordance	with	its	natural	hydrologic	and	ecologic	functions.	Some	

of	the	most	common	are	bioretention	techniques,	green	roofs,	permeable	pavers,	

rain	barrels	and	cisterns,	and	soil	amendments.	Bioretention	systems	“are	

depressed	areas	in	the	landscape	that	are	designed	to	accept	stormwater,”	which	

“remove	pollutants	through	a	variety	of	physical,	biological,	and	chemical	treatment	

processes”	(Dietz,	2007;	Introduction	to	LID,	n.d.).	This	type	of	feature	can	be	

implemented	nearly	anywhere	where	there	is	natural	or	landscaped	space.	Green	

roofs	are	another	popular	LID	technique	that	converts	the	impervious	surface	of	a	

roof	to	a	natural,	absorbent	feature	capable	of	controlling	storm	water	runoff.	This	

type	of	feature	consist	of	multiple	layers	of	various	natural	materials	such	as	a	

waterproof	membrane,	gravel	or	stone,	soil,	grass,	and	plants,	making	it	a	

functioning	component	of	the	LID	site	design	(Dietz,	2007).	An	additional	benefit	of	
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green	roofs	is	that	they	help	insulate	the	buildings,	therefore	reducing	the	heating	

and	cooling	costs	(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	

	The	use	of	permeable	pavers	is	a	LID	technique	that	has	become	more	and	

more	popular	because	it	allows	water	to	infiltrate	through	the	surface	into	the	

ground	through	the	porous	filling	in	the	cracks	between	the	paver	blocks	(Dietz,	

2007).	These	are	not	only	beneficial	for	runoff	control,	but	also	provide	a	nice	

aesthetic	aspect	to	a	site,	as	they	look	like	a	normal	patio	style	ground	cover;	in	

addition	to	pavers,	there	are	also	a	number	of	other	materials	such	as	porous	

concrete	and	porous	asphalt	that	allow	for	increased	infiltration	and	reduce	the	

overall	impervious	footprint	of	a	site.	The	use	of	rain	barrels	and	cisterns	is	no	new	

practice,	however	it	still	remains	a	very	effective	one.	By	utilizing	such	a	technique,	

you	not	only	divert	storm	water	runoff	from	impervious	surfaces,	but	you	are	also	

able	to	store	and	reuse	this	water	as	a	resource.	This	technique	will	allow	you	to	cut	

back	on	your	water	bills	because	you	can	utilize	the	collected	rainwater	and	runoff	

for	applications	such	as	irrigation,	flushing	the	toilet,	or	even	for	a	washing	machine.		

Soil	amendments	are	also	a	common	LID	technique	because	often	times	the	

soil	is	disturbed	and	altered	during	a	site’s	development	and	construction.	By	

making	certain	amendments	to	the	soil	affected	by	development,	you	are	able	to	

return	it	to	its	original	predevelopment	state,	maximizing	its	functional	potential	to	

control	storm	water	runoff	according	to	the	site’s	natural	watershed	scheme	

(Introduction	to	LID,	n.d.).	
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Methodology	

The	goal	of	this	study	is	to	analyze	the	benefits	of	Low	Impact	Development	

as	a	stormwater	management	technique.	This	analysis	will	be	completed	through	

the	review	of	conventional	stormwater	management	systems	as	well	as	Low	Impact	

Development	techniques.	This	will	be	accomplished	through	the	review	of	several	

case	studies	of	LIDs	that	have	been	implemented	and	documented.	The	case	studies	

under	review	include	three	residential	street	retrofits	in	Seattle,	WA,	Los	Angeles,	

CA,	and	Wilmington,	MA,	as	well	as	a	green	roof	retrofit	in	Ipswich,	MA.	These	

locations	were	selected	because	other	studies	have	been	completed	on	them,	which	

allows	for	an	easy	analysis.	The	review	of	these	case	studies	will	include	an	

identification	of	the	different	LID	strategies	and	techniques	used	in	each	project,	a	

ranking	of	each	strategy	or	technique’s	effectiveness,	and	an	overall	ranking	of	each	

project	or	case	study’s	overall	effectiveness	in	the	management	and	control	of	

stormwater	runoff.	This	study	will	also	include	an	analysis	of	the	cost	effectiveness	

of	the	various	LID	strategies	or	techniques	identified.	

Case	Studies	

Seattle,	WA	

Seattle	Public	Utilities	(SPU)	decided	to	redesign	and	retrofit	two	residential	

blocks	in	northwest	Seattle	as	a	pilot	project	for	their	Street	Edge	Alternatives	(SEA	

Streets)	program,	which	aims	to	rethink	conventional	street	design	and	implement	a	

more	sustainable	design.	SEA	Streets	“is	designed	to	provide	drainage	that	more	
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closely	mimics	the	natural	landscape	prior	to	development	than	traditional	piped	

systems”	the	same	as	LID	(Street	Edge	Alternative,	n.d.).	The	pilot	project	is	located	

along	two	residential	blocks	that	frequently	experienced	street	flooding	caused	by	

stormwater	buildup,	slowing	traffic,	causing	accidents	in	the	intersection,	and	

creating	hazardous	conditions	for	not	only	motorists	but	bicyclists	and	pedestrians	

as	well;	in	addition,	several	residents	had	even	reported	basement	flooding	issues	

(Wong	&	Stewart,	2008).		The	two	blocks	that	SEA	Streets	replaced	resembled	

conventional	street	designs	with	a	wide	roadway,	curbs,	and	a	very	high	impervious	

footprint	due	to	all	of	the	conventional	asphalt.	The	mains	goals	of	this	project	were	

to	reduce	the	volume	of	stormwater	runoff,	reduce	the	amount	of	impervious	

surface	area,	and	reduce	the	amount	of	pollutants	in	stormwater	runoff,	all	of	which	

ultimately	reduce	the	impact	on	local	waterways	and	habitat	(Street	Edge	

Alternative,	n.d.).	In	order	to	try	to	achieve	these	goals,	SPU	decided	to	implement	a	

dense	variety	of	LID	features	both	on	public	and	private	land.	There	was	extensive	

outreach	and	communication	with	the	residents	of	the	area	during	the	design	of	the	

project	and	residents	agreed	to	allowing	portions	of	the	improvements	to	the	public	

right-of-way	to	extend	further	onto	private	property,	allowing	for	increased	

effectiveness	of	features	(Street	Edge	Alternative,	n.d.).	The	newly	designed	street	

has	a	narrower	roadway	with	a	width	of	18	feet,	compared	to	a	traditional	25	foot-

wide	road,	which	allows	for	a	serious	reduction	of	impervious	surface	area	(Wong	&	

Stewart,	2008).	The	new	design	also	includes	a	new	sidewalk	on	one	side	of	the	

street,	and	a	meandering	road	design	(Matsuno	&	Chiu,	2010).	Both	of	these	features	

contribute	to	the	overall	safety	of	the	street	because	the	meandering	design	slows	
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traffic,	the	sidewalk	improves	walkability,	and	the	smooth	design	of	the	roadway	is	

aesthetically	pleasing	due	to	its	lack	of	hard	edges	and	sharp	corners.	The	sidewalk	

also	contributed	to	the	overall	reduction	of	the	site’s	impervious	footprint	because	

porous	concrete	was	used	(Seattle	Public	Utilities	-	Street	Edge	Alternatives,	2011).	

Parking	demands	were	met	by	incorporating	angled	parking	at	select	locations	

along	the	street	according	to	feedback	from	residents	(Street	Edge	Alternatives	

(SEA)	Street	Pilot,	Seattle,	n.d.).	The	new	street	design	allowed	for	the	

implementation	of	LID	features	such	as	bioretention	areas,	bioswales,	grass	pavers,	

and	the	preservation	and	use	of	native	vegetation.	There	was	a	special	effort	to	

preserve	as	many	trees	as	possible,	and	over	100	new	native	trees	were	planting	

along	with	1100	shrubs	of	various	species	(Wong	&	Stewart,	2008.).	The	retrofit	

included	tree	streetscaping,	which	improved	the	sense	of	safety	and	walkability	as	

well	as	adding	an	important	natural	aesthetic	to	the	area.	The	bioswales	and	

bioretention	areas	are	all	interconnected	and	graded,	allowing	for	runoff	to	flow	

from	one	area	to	the	next	(Taus,	2002;	Seattle	Public	Utilities	-	Street	Edge	

Alternatives,	2011).	These	areas	are	filled	with	native	plant	species	that	intake	some	

of	the	runoff	and	help	reduce	pollutants,	as	provide	a	beautiful	aesthetic	to	the	

community;	they	also	have	layers	of	rocks	and	other	groundcover	materials	such	as	

modified	soil	which	mimics	the	duff	on	a	forest	ground	to	help	stormwater	runoff	

containment,	filtration,	and	infiltration	(Taus,	2002).	These	features	help	reduce	

runoff	quantities	by	capturing	and	containing	stormwater	runoff	until	it	can	

infiltrate	naturally	into	the	ground	or	is	evaporated.	They	also	help	improve	the	

runoff	quality	by	capturing	and	filtering	out	contaminants	and	pollutants	in	the	
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water.	Stormwater	is	diverted	from	the	road	into	the	bioretention	areas	and	

bioswales	easily	because	traditional	curbs	were	replaced	with	pavers	that	allow	

runoff	to	easily	flow	over	them.	In	the	areas	where	there	are	not	bioretention	and	

bioswales	features,	the	use	grass	pavers	along	the	edge	of	the	road	was	

implemented,	allowing	for	increased	infiltration	and	durability	of	the	shoulder	

(Wong	&	Stewart,	2008).	One	of	the	easiest	and	least	expensive	techniques	that	SEA	

Streets	implemented	was	the	retention	of	existing	trees	and	native	vegetation.	This	

strategy	is	beneficial	because	it	further	limits	the	amount	of	disturbed	area	and	

allows	the	project	to	more	easily	reach	predevelopment	conditions,	as	well	as	saving	

money	by	not	having	to	plant	new	vegetation	in	its	place.	

Los	Angeles,	CA	

The	Council	for	Watershed	Health	(CWH)	created	the	Elmer	Avenue	

Neighborhood	Retrofit	project	as	a	pilot	demonstration	of	the	benefits	of	using	LID	

as	a	sustainable	stormwater	management	technique	(Council	for	Watershed	Health,	

n.d.).	Recognizing	that	relying	on	importing	fresh	water	from	outside	sources	such	

as	the	Colorado	River	is	not	sustainable	for	the	region	of	Los	Angeles,	CA,	the	CWH	

decided	the	solution	was	to	take	advantage	of	the	stormwater	runoff	that	typically	

goes	to	waste	and	“safely	percolate	polluted	runoff	through	soil	to	produce	clean	

drinking	water”	in	the	aquifers	underground	(Council	for	Watershed	Health,	n.d.).	

The	CWH	chose	to	retrofit	a	residential	neighborhood	in	Los	Angeles,	CA	from	a	

conventional	residential	road	into	a	completely	redesigned	“green	street”	through	

the	implementation	of	various	LID	features	and	techniques.	Elmer	Avenue	was	

selected	as	the	project	site	because	it	is	located	where	the	surrounding	40	acres	
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drains	to	and	did	not	have	any	form	of	stormwater	management	system,	causing	the	

area	to	experience	frequent	flooding,	which	in	turn	resulted	in	increased	pollution	

and	street	erosion	(Elmer	Avenue	Neighborhood	Retrofit	Demonstration	Project,	

n.d.).	Accordingly,	the	project	had	two	major	goals,	to	reduce	the	total	amount	of	

runoff	and	use	it	to	replenish	groundwater	supplies,	and	to	reduce	the	amount	of	

pollution	created	by	stormwater	runoff	(Council	for	Watershed	Health,	n.d.).	Since	

the	area	had	such	a	high	potential	to	utilize	stormwater	runoff,	CWH	decided	to	use	

features	that	would	allow	runoff	to	collect	and	infiltrate,	filtering	out	pollutants	and	

replenishing	groundwater	supplies.	The	project	implemented	a	number	of	different	

LID	features	and	techniques	including	bioretention	areas,	bioswales,	rain	gardens,	

and	the	use	rain	barrels,	all	of	which	help	reduce	overall	runoff.	There	are	24	

bioswales,	lined	with	mulch	to	reduce	evaporation,	and	several	bioretention	catch	

basins	that	extend	the	entire	length	of	the	street	and	are	all	interconnected,	allowing	

runoff	to	flow	from	one	feature	to	the	next,	maximizing	the	design’s	utility	(Elmer	

Avenue	Neighborhood	Retrofit,	2015).	These	areas	provide	a	huge	opportunity	for	

stormwater	detention	and	infiltration,	but	they	also	add	an	important	aesthetic	

quality	to	the	neighborhood	due	to	the	abundance	of	native	plant	species	that	fill	

these	areas.	Not	only	do	these	plants	add	visual	appeal,	but	they	also	help	filter	

pollutants,	and	increased	the	street’s	walkability	and	sense	of	safety	due	to	the	

separation	from	the	road.	There	are	also	a	number	of	rain	gardens	that	allow	for	

even	more	infiltration	of	stormwater	runoff	and	aesthetic	beauty,	many	of	which	are	

on	private	property	due	to	the	commitment	of	involving	the	neighborhood	residents	

and	gaining	their	support	during	the	planning	and	design	phases	of	the	project	
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(Bartrosouf,	2011).	Also	located	on	private	property	are	rain	barrels	at	13	different	

residences,	allowing	runoff	from	the	roof	to	be	captured	and	utilized	by	the	

homeowners	(Council	for	Watershed	Health,	n.d.).	Elmer	Ave	was	able	to	

additionally	reduce	the	neighborhood’s	impervious	footprint	by	using	porous	

concrete	and	permeable	pavers	for	the	new	sidewalks	and	driveways	(Council	for	

Watershed	Health,	n.d.).	These	features	are	beneficial	because	they	allow	some	

runoff	to	infiltrate	into	the	ground	beneath	them,	where	conventional	paving	

materials	just	collect	runoff	on	their	surfaces.	The	entire	neighborhood	is	filled	with	

native,	drought-tolerant	vegetation	that	helps	restore	the	site	to	its	predevelopment	

condition,	in	accordance	with	LID.	The	residents	of	the	street	were	so	excited	and	

engaged	in	the	project	that	they	even	planted	23	native	trees	along	the	edge	of	the	

road	(Council	for	Watershed	Health,	n.d.).	The	tree	streetscaping	not	only	helps	

reduce	runoff	and	improve	pollution	levels,	but	they	also	help	reduce	the	urban	heat	

island	effect	and	add	to	the	walkability	and	sense	of	safety	of	the	neighborhood	by	

distancing	pedestrians	from	traffic.	One	of	the	major	techniques	that	this	project	

implemented	was	the	use	of	two	underground	infiltration	galleries	that	allow	for	a	

serious	increase	in	the	site’s	ability	to	capture	and	infiltrate	stormwater	runoff,	

recharging	groundwater	supplies	(Council	for	Watershed	Health,	n.d.).	One	extra	

feature	that	the	project	includes	is	the	use	of	solar	streetlights	(Belden,	et	al.,	2015).	

While	these	do	not	affect	stormwater	runoff,	they	do	add	an	extra	benefit	for	the	

community	because	they	increase	the	sense	of	safety	in	the	area	without	adding	any	

additional	energy	costs.	
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Massachusetts	

The	Massachusetts	Department	of	Conservation	and	Recreation	(MADCR)	

was	issued	a	one	million	dollar	grant	from	the	United	States	Environmental	

Protection	Agency	(USEPA)	to	carry	out	several	demonstration	projects	that	

assessed	the	ability	of	sustainable	green	infrastructure	to	manage	stormwater	

runoff	and	improve	water	conditions	in	the	Ipswich	watershed	region	

(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	The	program	

included	the	construction	of	various	forms	of	green	infrastructure	projects,	and	

several	of	these	projects	included	the	use	of	LID	techniques	as	a	sustainable	

stormwater	management	strategy.	One	particular	project	featuring	a	popular	LID	

technique	is	the	green	roof	retrofit	of	a	historic	building	in	Ipswich,	MA	

(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	Another	is	the	

retrofit	of	the	Silver	Lake	neighborhood	in	Wilmington,	MA	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	Both	of	these	projects	were	

funded	by	the	USEPA	grant	and	developed	in	an	effort	to	understand	the	practicality	

of	LID	implementation	as	a	stormwater	management	technique.	These	two	projects	

both	aim	to	improve	the	health	of	the	surrounding	watershed	by	reducing	the	

amount	of	runoff	that	escapes	developed	areas	and	improving	the	quality	of	runoff	

produced	by	developed	areas.	

Ipswich,	MA	

	 The	MADRC	retrofitted	a	historic	building	that	was	once	a	factory,	then	a	

school,	and	soon	to	be	affordable	senior	housing	with	a	3,000	square	foot	green	roof	

in	the	town	of	Ipswich,	MA	(Demonstration	2:	Green	Roof,	n.d.).	The	building	was	
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chosen	in	an	effort	to	reduce	the	runoff	that	is	produced	in	the	area,	which	leads	to	

the	erosion	and	contamination	of	nearby	local	waterways;	accordingly,	a	green	roof	

was	designed	and	implemented	on	the	roof	of	the	historic	building	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	The	use	of	a	green	roof	is	

potentially	a	very	advantageous	LID	strategy	if	implemented	correctly.	If	designed	

and	constructed	properly,	a	green	roof	can	provide	various	benefits,	including	

reducing	runoff	quantities	by	retaining	stormwater,	improving	runoff	quality	by	

filtration,	slowing	runoff	speed,	and	even	insulating	the	building	beneath.	The	green	

roof	design	consisted	of	five	layers:	a	waterproof	membrane	on	the	bottom,	a	plastic	

drainage	layer,	a	fabric	root	barrier,	three	inches	of	specially	engineered	soil,	and	a	

layer	of	vegetation	(Massachusetts	Department	of	Conservation	and	Recreation,	

n.d.).	The	waterproof	membrane	on	the	bottom	layer	provides	the	building’s	roof	

with	a	layer	of	protection	so	that	the	water	from	the	green	roof	does	not	leak	

through	and	rot	the	roof.	The	three-inch	layer	of	soil	is	a	mixture	of	crushed	clay	and	

organic	matter	specifically	designed	to	capture	and	retain	stormwater	

(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	The	top	layer	of	

vegetation	on	the	green	roof	consists	of	“low-growing,	drought-tolerant”	plant	

species,	“including	8	varieties	of	Sedum,	chive	and	fame	flower”	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	These	types	of	plants	are	

beneficial	because	they	do	not	grow	to	large	sizes,	therefore	they	will	not	add	any	

serious	additional	weight	as	they	mature.	Due	to	the	weight	of	materials,	green	roofs	

can	often	be	very	heavy,	requiring	special	consideration	of	the	structural	support	of	

the	build	and	its	roof.	Fortunately,	the	historic	building	that	was	selected	for	this	
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project	already	had	a	structure	strong	enough	to	handle	the	added	weight	from	the	

green	roof,	which	was	determined	to	be	an	additional	20	pounds	per	square	foot	

when	saturated	with	water	(Massachusetts	Department	of	Conservation	and	

Recreation,	n.d.).	

Wilmington,	MA	

	 Another	project	that	the	MADRC	implemented	was	the	retrofitting	of	the	

Silver	Lake	neighborhood	in	Wilmington,	MA	with	LID	features.	The	location	for	this	

project	was	selected	because	it	borders	a	large	town	pond,	which	is	frequently	

closed	due	to	contamination	believed	to	be	caused	by	stormwater	runoff	that	enters	

the	pond	from	the	flooded	streets	of	the	nearby	neighborhood	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	Stormwater	runoff	can	pick	up	

contaminants	and	pollutants	as	it	travels	over	the	built	environment,	further	

contaminating	the	areas	that	is	flows	to.	In	order	to	reduce	the	contamination	of	the	

pond,	the	project’s	goals	were	to	decrease	the	total	amount	of	runoff	the	site	

produces	and	improve	the	quality	of	the	runoff	through	infiltration;	these	goals	

were	designed	to	be	met	with	the	use	of	LID	features	such	as	rain	gardens	and	

permeable	pavers	(Demonstration	4:	Stormwater	Quality	Improvements	Using	LID	

Retrofits	in	Lake-Side	Neighborhood,	n.d.).	The	project	design	consisted	of	

improvements	to	both	the	public	right-of-way	and	private	properties,	therefore	

communication	and	cooperation	with	local	residents	was	critical	to	this	project’s	

design	(Demonstration	4:	Stormwater	Quality	Improvements	Using	LID	Retrofits	in	

Lake-Side	Neighborhood,	n.d.).	A	total	of	12	rain	gardens	were	constructed	around	

the	neighborhood,	which	help	to	retain	and	infiltrate	stormwater	runoff	
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(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	In	an	effort	to	

reduce	runoff	by	reducing	the	site’s	impervious	footprint,	two	parking	strips	of	

permeable	pavers	were	installed	atop	beds	of	stone	and	gravel	in	the	public	right-of-

way	(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	This	LID	

feature	allows	runoff	to	infiltrate	through	the	cracks	between	paver	blocks	and	soak	

into	the	ground	beneath.	The	stone	beds	beneath	aid	runoff	infiltration	because	they	

allow	water	to	pass	through	much	quicker	than	soil	or	dirt	would.		

Data	

The	case	studies	presented	above	were	reviewed	and	rated	according	to	the	

ranking	system	seen	in	Table	1,	and	then	assigned	a	ranking	level	based	on	the	total	

amount	of	points	the	project	received,	as	seen	in	Table	2.	The	ranking	system	was	

developed	using	considerations	from	the	Seattle	Green	Factor,	the	Council	for	

Watershed	Health’s	(CWH)	Elmer	Avenue	Project	Monitoring	Program	Summary	

(MPS),	and	Amanda	Maass’s	Stormwater	Management	Rating	System	(SMRS).	The	

Seattle	Green	Factor	uses	a	system	for	assigning	credit	to	a	project’s	green	score	

based	on	the	various	types	and	amounts	of	features	a	site	has;	credit	for	features	is	

based	off	a	weighted	scale	that	rewards	larger	and	more	advanced	features	such	as	

large	trees,	permeable	paving,	and	green	roofs	higher	than	less	effective	features	

like	lawns,	small	trees,	and	impervious	materials	such	as	conventional	asphalt,	

concrete,	or	roofing	materials	(Seattle	Department	of	Construction	and	Inspections,	

n.d.).	This	type	of	approach	was	taken	when	assigning	scores	to	the	different	case	

studies	under	review	in	the	“features”	section,	especially	in	the	first	subsection	
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looking	at	the	different	types	of	LID	features	implemented	in	the	project,	with	

projects	receiving	a	more	heavily	weighted	score	depending	on	the	types	of	features	

used.	This	approach	was	also	loosely	applied	to	the	second	subsection	identifying	

the	total	amount	of	features,	wherein	projects	with	fewer	but	larger	features	would	

not	score	lower	simply	due	to	the	low	quantity	of	features	if	their	size	made	up	for	

it.	For	example,	the	project	incorporating	a	green	roof	would	not	score	simply	

because	it	only	utilizes	one	feature,	the	green	roof;	instead,	it	would	receive	a	higher	

weighted	score	based	on	its	size	relative	to	the	overall	project	size.	The	purpose	of	

this	section	is	to	identify	and	rate	the	types	and	amounts	of	features	that	a	project	

implements.	

The	second	section,	“performance”,	is	designed	to	analyze	the	project’s	

performance	ability.	The	first	subsection	assesses	whether	or	not	the	project	

attempted	to	reduce	its	impervious	surface	area,	and	to	what	extent	it	accomplished	

this	objective.	This	is	an	important	topic	because	reducing	a	site’s	impervious	

footprint	can	significantly	improve	the	site’s	natural	hydrological	function.	The	

second	subsection	assesses	whether	or	not	the	project	intended	to	reduce	the	

quantity	of	stormwater	runoff,	and	to	what	extent	this	objective	was	reached.	The	

third	subsection	evaluates	whether	or	not	the	project	was	designed	to	improve	

runoff	quality	and	to	what	extend	it	accomplished	this.	The	contents	of	this	section	

were	influenced	by	consideration	of	Maass’s	SMRS,	which	seeks	to	determine	if	

techniques	try	to	reduce	runoff	quantity	and	improve	runoff	quality,	and	by	the	

CWH’s	MPS	which	assess	the	effects	features	have	on	water	quality	and	supply	

(Maass,	2016;	Belden,	et	al.,	2013).	The	contents	of	this	section	aim	to	analyze	the	
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function	and	performance	of	the	features	in	a	project	to	determine	how	successful	

they	truly	are	at	managing	stormwater	runoff.	

The	third	section	assesses	the	feasibility	of	the	implementation	of	the	project.	

This	section	looks	at	the	overall	cost	of	the	project	in	relation	to	the	scale	of	the	

project	and	the	cost	compared	to	a	conventional	system.	The	other	portion	of	this	

section	considers	the	maintenance	requirements	associated	with	the	features	

implemented	in	the	project.	If	a	feature	requires	a	lot	of	frequent	maintenance,	it	

would	score	low,	whereas	a	feature	that	requires	hardly	any	maintenance	would	

score	high.	The	consideration	of	maintenance	in	this	section	was	partially	inspired	

by	the	CWH’s	MPS,	which	seeks	to	identify	the	operation	and	maintenance	needs	of	

features	(Belden,	et	al.,	2013).	

The	final	section	of	the	ranking	system,	“extras”,	looks	to	identify	and	reward	

a	project	for	any	community	benefits	or	other	additional	benefits	that	it	may	provide	

through	its	design.	These	can	be	very	beneficial	to	a	project’s	overall	success	

because	increased	community	and	other	benefits	means	more	community	support,	

acceptance,	and	cooperation.	The	identification	of	additional	benefits	was	inspired	

by	the	CWH’s	MPS,	which	determined	if	there	were	any	additional	benefits	from	a	

feature.	The	final	portion	of	this	section	and	the	ranking	system	identifies	whether	

or	not	a	project’s	goals	were	met,	and	to	what	extent.	All	of	the	sections	and	

considerations	of	this	ranking	system	aim	to	assess	the	implementation	of	LID	

features	to	determine	the	success	of	their	application	and	the	success	of	the	overall	

project	in	managing	stormwater	runoff	sustainably.		 	
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Topic	 Considerations	 Points	 		
Features	 		 15	 		
Types	of	Features	 Are	there	multiple	different	types	of	features?	 	 5	
Total	Features	 How	many	features	are	there	in	total?	 		 10	
Performance	 		 15	 		

Imperviousness	
Was	there	an	attempt	to	reduce	the	impervious	
surface	area?	Do	features	contribute	to	reducing	
impervious	surface	area?	 	 5	

Runoff	Quantity	 Do	features	aim	to	reduce	runoff	quantity?	Do	
features	successfully	reduce	runoff	quantity?	 	 5	

Runoff	Quality	 Do	features	aim	to	improve	runoff	quality?	Do	
features	successfully	improve	runoff	quality?	 		 5	

Feasibility	 		 6	 		
Cost	 How	cost	effective	is	the	project?	 	 3	
Maintenance	 Are	there	maintenance	requirements?	 		 3	
Extras	 		 14	 		
Community	Benefits	 Are	there	any	community	benefits?	 	 5	
Additional	Benefits	 Are	there	any	additional	benefits?	 	 4	
Goal(s)	Met	 Did	the	project	meet	its	goal(s)?	 		 5	
		 	 Total	 50	

	
Table	1:	Case	Study	Ranking	System	

	
Ranking	 Points	

Exceptional	 43	-	50	
Above	

Satisfactory	 34	-	42	

Satisfactory	 26	-	33	
Below	

Satisfactory	 16	-	25	

Unsatisfactory	 0	-15	
	

Table	2:	Ranking	Classes	
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Topic	 Points	
Features	 15	
Types	of	Features	 5	
Total	Features	 10	
Performance	 14	
Imperviousness	 4	
Runoff	Quantity	 5	
Runoff	Quality	 5	
Feasibility	 4	
Cost	 2	
Maintenance	 2	
Extras	 11	
Community	
Benefits	 5	

Additional	Benefits	 1	
Goals(s)	Met	 5	

Total	 44	
	

Table	3:	Seattle	Case	Study	Ranking	Breakdown	
	

Topic	 Points	
Features	 15	
Types	of	Features	 5	
Total	Features	 10	
Performance	 13	
Imperviousness	 4	
Runoff	Quantity	 5	
Runoff	Quality	 4	
Feasibility	 3	
Cost	 1	
Maintenance	 2	
Extras	 14	
Community	
Benefits	 5	

Additional	Benefits	 4	
Goals(s)	Met	 5	

Total	 45	
	

Table	4:	Los	Angeles	Case	Study	Ranking	Breakdown	
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Topic	 Points	
Features	 13	
Types	of	Features	 3	
Total	Features	 10	
Performance	 10	
Imperviousness	 5	
Runoff	Quantity	 4	
Runoff	Quality	 1	
Feasibility	 4	
Cost	 2	
Maintenance	 2	
Extras	 5	
Community	
Benefits	 1	

Additional	Benefits	 1	
Goals(s)	Met	 3	

Total	 32	
	

Table	5:	Ipswich	Case	Study	Ranking	Breakdown	
	

Topic	 Points	
Features	 10	
Types	of	Features	 2	
Total	Features	 8	
Performance	 7	
Imperviousness	 3	
Runoff	Quantity	 3	
Runoff	Quality	 1	
Feasibility	 4	
Cost	 2	
Maintenance	 2	
Extras	 3	
Community	
Benefits	 1	

Additional	Benefits	 0	
Goals(s)	Met	 2	

Total	 24	
	

Table	6:	Wilmington	Case	Study	Ranking	Breakdown	
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Discussion	and	Results	

Seattle,	WA	

Analyzing	the	SEA	Streets	project	in	Seattle,	WA	using	the	ranking	system	

discussed	above	and	seen	in	Table	1	results	in	the	project	receiving	a	total	score	of	

44	out	of	50,	and	an	“outstanding”	ranking.	Out	of	a	total	score	of	44,	the	project	

received	15	points	in	the	“features”	section,	14	points	in	the	“performance”	section,	

4	points	in	the	“feasibility”	section,	and	11	points	in	the	“extras”	section.	A	

breakdown	of	the	SEA	Streets	project’s	ranking	can	be	seen	in	Table	3.		

The	SEA	Streets	project	received	the	full	amount	of	points	in	the	“features”	

section	due	to	the	wide	array	of	features	utilized	and	the	vast	amount	of	total	

features	implemented.	The	project	received	the	full	5	points	for	having	multiple	

different	types	of	features	due	to	the	fact	that	the	site	utilized	LID	features	such	as	

bioretention	areas,	bioswales,	porous	concrete,	pavers	instead	of	curbs,	road	design,	

and	the	preservation	of	existing	and	planting	of	new	trees	and	other	native	

vegetation	(Seattle	Public	Utilities	-	Street	Edge	Alternatives,	2011).	Not	only	did	

this	project	include	multiple	different	features,	but	it	also	included	several	features	

that	are	considered	to	be	more	effective	and	therefore	import	such	as	bioswales	and	

porous	concrete.	The	project	also	received	the	full	10	points	for	the	total	amount	of	

features	because	extensive	and	dense	implementation	of	features	was	

accomplished.	Not	only	were	existing	trees	and	vegetation	preserved	or	relocated,	

but	more	than	100	new	trees	and	1100	new	shrubs	of	a	native	pallet	where	planted	

all	along	the	street	(Wong	&	Stewart,	2008).	The	bioswales	and	bioretention	areas	
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also	extend	the	length	of	the	street	and	are	all	interconnected,	allowing	stormwater	

runoff	from	nearly	the	entire	site	to	be	captured	and	infiltrated	by	these	areas	(Taus,	

2002).		

The	SEA	Streets	project	received	almost	all	of	the	possible	points	in	the	

“performance”	section	with	a	score	of	14.	The	project	received	4	out	of	a	possible	5	

points	in	the	“imperviousness”	subsection,	receiving	1	point	for	attempting	to	

reduce	the	overall	impervious	surface	area	and	an	additional	3	points	for	reducing	

the	impervious	footprint.	While	the	use	of	porous	concrete	for	the	new	sidewalks	

was	implemented,	the	road	width	was	reduced	to	18	feet,	and	there	was	found	to	be	

an	overall	reduction	of	impervious	surface	area	compared	to	a	conventional	street	

by	11%,	the	project	did	not	reduce	the	site’s	impervious	footprint	by	an	

extraordinary	amount,	and	therefore	did	not	receive	the	full	points	(Seattle	Public	

Utilities	-	Street	Edge	Alternatives,	2011).	In	order	to	reduce	the	site’s	impervious	

footprint	further,	the	design	could	have	incorporated	the	use	of	more	porous	paving	

material	for	driveways	and	even	potentially	for	the	roadway.	The	project	received	

the	full	5	points	in	the	“runoff	quantity”	subsection	because	of	its	attempt	at	and	

ability	to	manage	stormwater	runoff.	It	was	determined	that	the	features	and	

improvements	to	the	area	prevented	all	runoff	discharge	during	the	dry	season	and	

98%	of	runoff	discharge	in	the	wet	season	(Horner,	et	al.,	2002).	The	project	also	

received	the	full	5	points	in	the	“runoff	quality”	subsection	because	pollutant	figures	

were	estimated	to	be	equivalent	or	higher	due	to	trapping	and	filtering	of	

contaminants	in	vegetated	areas	(Horner,	et	al.,	2002).	The	reduction	of	runoff	

quantity	and	pollutant	concentrations	was	accomplished	through	the	skillfully	
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planned	design	and	implementation	of	the	various	LID	features	used	in	the	SEA	

Streets	project.	

Out	of	a	possible	6	points,	the	SEA	Streets	project	received	4	points	in	the	

“feasibility”	section.	The	project	received	2	out	of	3	points	in	the	“cost”	subsection	

because	of	its	grand	total	being	approximately	$850,000	(Street	Edge	Alternatives	

(SEA)	Street	Pilot,	Seattle,	n.d.).	While	this	number	may	seem	unreasonably	large,	

one	must	realize	that	this	project	involved	the	retrofitting	of	an	existing	street	into	a	

completely	new	design.	This	project	was	more	expensive	than	others	due	to	the	fact	

that	it	was	a	pilot	project;	projects	that	have	been	undertaken	since	SEA	Streets	was	

completed	“generally	cost	15	to	25	percent	less	than	traditional	street	development”	

(Seattle	Public	Utilities	-	Street	Edge	Alternatives,	2011).	The	project	did	not	receive	

full	points	in	the	subsection	due	to	the	fact	that	the	project	was	still	very	expensive,	

but	still	feasible.	The	project	received	2	out	of	3	points	in	the	“maintenance”	

subsection	because	the	design	does	require	some	upkeep	and	care	to	keep	it	

functioning	properly.	Seattle	Public	Utilities	(SPU)	does	provide	maintenance	of	the	

features,	however	residents	also	contribute	to	maintaining	the	improvements,	

especially	those	on	their	property	(Street	Edge	Alternative,	n.d.).	

The	Seattle	SEA	Streets	program	received	11	out	of	the	possible	14	points	in	

the	final	section,	“extras”.	The	project	received	the	full	5	points	for	having	

community	benefits	because	it	enriched	the	neighborhood	in	so	many	ways.	The	

project	created	a	sense	of	place	for	residents	of	the	area	because	of	the	distinctive	

design	of	the	street	and	park-like	feel	that	the	abundant	vegetation	provides.	The	

new	sidewalk	improves	walkability	and	a	sense	of	safety.	The	narrow	and	curving	
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road	design	slows	down	traffic,	making	it	safer	for	everyone,	including	bicyclists	and	

pedestrians.	The	implementation	of	LID	features	reduced	the	risk	of	flooding	and	its	

associated	costs	such	as	erosion	repair.	Neighborly	interactions	are	increased	

through	collaborating	on	maintaining	the	improvements	as	well	as	through	the	use	

of	clustered	mailboxes,	creating	an	additional	place	for	neighbors	to	interact	

(Matsuno	&	Chiu,	2010).	The	project	received	1	out	of	a	possible	4	points	for	

“additional	benefits”	because	it	did	not	provide	many,	other	than	serving	as	a	pilot	

project	for	future	endeavors	to	learn	from	and	create	more	successful	and	effective	

designs	and	projects.	Finally,	the	project	received	the	full	5	points	for	the	“goals	

met”	section	due	to	the	fact	that	all	of	the	goals	of	the	project	were	satisfied,	because	

the	project	did	reduce	and	nearly	eliminate	the	issue	of	flooding	and	pollution	

associated	with	stormwater	runoff.	

Los	Angeles,	CA	

	 Analyzing	the	Elmer	Avenue	project	in	Los	Angeles,	CA	using	the	ranking	

system	seen	in	Table	1	results	in	the	project	receiving	a	total	score	of	45	of	out	50,	

and	an	“outstanding”	ranking.	Out	of	the	total	score	of	45,	the	project	received	15	

points	in	the	“features”	section,	13	points	in	the	“performance”	section,	3	points	in	

the	“feasibility”	section,	and	14	points	in	the	“extras”	section.	A	breakdown	of	the	

Elmer	Avenue	project’s	ranking	can	be	seen	in	Table	4.	

	 The	Elmer	Ave	project	received	the	full	amount	of	points	in	the	“features”	

section	due	to	the	use	of	many	different	LID	features	as	well	as	an	impressive	

amount	of	features	in	total.	The	project	received	5	out	of	5	points	for	having	

multiple	types	of	features	because	of	the	use	of	features	including	bioswales,	
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bioretention	areas,	porous	concrete	and	permeable	pavers,	rain	gardens,	rain	

barrels,	underground	infiltration	galleries,	and	native	drought-tolerant	vegetation	

(Council	for	Watershed	Health,	n.d.).	The	use	of	all	these	different	features	allows	for	

a	more	comprehensive	design	and	will	in	turn	function	better	as	an	entire	

stormwater	management	system.	The	project	received	full	points	in	this	subsection	

because	of	the	variety	of	features	implemented	as	well	as	the	strength	of	the	

selected	features,	resulting	in	a	heavier	weighting	for	ranking	the	features.	The	

project	also	scored	the	full	10	out	of	10	points	in	the	“total	features”	subsection	

because	the	design	incorporated	such	a	large	quantity	of	features.	This	includes	the	

24	bioswales,	13	rain	barrels,	and	all	of	the	other	numerous	features	in	between	

(Elmer	Avenue	Neighborhood	Retrofit,	2015).	

	 The	Elmer	Ave	project	received	13	out	of	a	possible	15	points	in	the	

“performance”	section.	The	project	received	4	out	of	5	points	in	the	

“imperviousness”	subsection	because	while	the	project	did	aim	to	reduce	the	site’s	

impervious	footprint,	it	did	not	do	so	by	a	substantial	amount.	It	was	awarded	some	

points	due	to	the	fact	that	it	did	reduce	the	impervious	footprint	somewhat	through	

the	use	of	permeable	pavers	and	porous	concrete	(Elmer	Avenue	Neighborhood	

Retrofit,	2015).	Making	the	road	narrower,	as	was	done	on	the	SEA	Streets	project,	

could	have	reduced	the	impervious	footprint	further.	The	project	received	5	out	of	5	

points	for	the	“runoff	quantity”	section	because	the	new	design	allowed	for	the	

capturing	and	infiltration	of	80%	-	90%	of	stormwater	runoff	draining	from	the	

surrounding	40	acres	(Elmer	Avenue	Neighborhood	Retrofit	Demonstration	Project,	

n.d.).	In	the	next	subsection	“runoff	quality”,	the	Elmer	Ave	project	received	4	out	of	
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5	points.	Since	there	was	such	a	high	overall	reduction	in	the	quantity	of	runoff,	

pollutant	and	contaminant	levels	were	reduced	as	well.	It	was	also	found	that	the	

project	helped	to	reduce	pollutant	load	of	lead	by	60%,	copper	by	33%,	and	total	

suspended	solids	by	18%	(Elmer	Avenue	Neighborhood	Retrofit,	2015).	This	is	

accomplished	through	the	filtration	of	runoff	into	infiltration	areas	such	as	the	

bioswales,	where	it	is	cleansed	as	it	infiltrates	into	the	underground	infiltration	

galleries.	

	 The	Elmer	Ave	project	received	3	out	of	the	possible	6	points	in	the	

“feasibility”	section	because	of	the	costs	and	maintenance	requirements	that	

accompanies	it.	Only	1	out	of	3	points	in	the	“cost”	subsection	was	received	due	to	

the	fact	that	this	project	was	quite	expensive.	The	projects	grand	total	was	

approximately	$1.8	million,	which	was	actually	under	the	budgeted	and	anticipated	

cost	of	around	$2.7	million	(Elmer	Avenue	Neighborhood	Retrofit,	2015).	This	

project	was	especially	expensive,	however	it	still	received	a	point	because	it	was	a	

pilot	project,	and	future	projects	can	use	it	as	a	tool	to	learn	from	and	typically	can	

expect	a	cost	savings	of	at	least	10%	compared	to	the	cost	of	a	conventional	street	

design	(Elmer	Avenue	Neighborhood	Retrofit	Demonstration	Project,	n.d.).	The	

project	received	2	out	of	a	possible	3	points	in	the	“maintenance”	subsection	

because	while	it	is	not	a	lot,	the	new	features	do	require	some	maintenance	from	

time	to	time	to	keep	them	functioning	at	optimal	levels.	

	 In	the	final	section,	“extras”,	the	Elmer	Ave	project	was	awarded	the	full	14	

points	due	to	the	benefits	the	project	created	as	well	as	the	success	of	the	project	in	

meeting	its	goals.	The	project	received	5	out	of	5	points	in	the	“community	benefits”	
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subsection	because	the	project	added	a	sense	of	place,	increased	the	neighborhood’s	

walkability,	improved	the	sense	of	safety,	and	conserved	open	green	space	in	the	

area.	In	addition	to	these	benefits,	the	new	design	allows	for	residents	in	the	area	to	

reduce	their	potable	water	use	by	up	to	30%	for	residents	with	improvements	

located	on	their	property	and	10%	for	nearly	everyone	in	the	neighborhood,	

resulting	in	$120	-	$360	of	savings	per	year	(Elmer	Avenue	Neighborhood	Retrofit,	

2015).	The	project	also	received	the	full	4	out	of	4	points	in	the	“additional	benefits”	

subsection.	The	new	design	not	only	decreased	potable	water	use,	but	it	also	

reduced	building	energy	costs	through	the	reduction	of	the	urban	heat	island	effect,	

and	helped	cut	back	on	green	house	gas	emissions	because	all	of	the	new	trees	and	

vegetation	help	to	sequester	nearly	7.5	tons	of	carbon	annually	(Elmer	Avenue	

Neighborhood	Retrofit,	2015;	Elmer	Avenue	Neighborhood	Retrofit	Demonstration	

Project,	n.d.).	The	project	also	received	points	in	this	subsection	due	to	the	use	of	

solar	streetlights,	making	Elmer	Avenue	“the	first	block	in	Los	Angeles	with	street	

lights	off	the	grid”	(Council	for	Watershed	Health,	n.d.).	Finally,	the	Elmer	Ave	

project	received	the	full	5	out	of	5	points	for	the	“goals	met”	subsection	because	all	

of	the	goals	of	the	project	were	fulfilled.	Not	only	was	the	project	able	to	reduce	the	

overall	quantity	and	improve	the	quality	of	stormwater	runoff,	reducing	the	risk	of	

flooding,	but	the	project’s	design	and	implementation	of	so	many	LID	features	

allowed	for	the	site	to	infiltrate	16	acre-feet,	or	about	5.4	million	gallons	of	

groundwater	supply	recharge	annually,	which	is	actually	more	water	than	the	entire	

block	would	have	used	in	a	year	(Elmer	Avenue	Neighborhood	Retrofit,	2015;	

Council	for	Watershed	Health,	n.d.).	
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Ipswich,	MA	

Analyzing	the	green	roof	project	in	Ipswich,	MA	using	the	ranking	system	

seen	in	Table	1	results	in	the	project	receiving	a	total	score	of	32	out	of	50,	and	a	

“satisfactory”	ranking.	Out	of	the	total	score	of	32,	the	project	received	13	points	in	

the	“features”	section,	10	points	in	the	“performance”	section,	4	points	in	the	

“feasibility”	section,	and	5	points	in	the	“extras”	section.	A	breakdown	of	the	green	

roof	project’s	ranking	can	be	seen	in	Table	5.	

In	the	first	section,	“features”,	the	green	roof	project	received	13	out	of	a	

possible	15	points.	The	project	received	3	out	of	5	points	in	the	“types	of	features”	

subsection;	the	project	did	not	receive	the	full	amount	of	points	because	it	only	

implemented	one	feature,	a	green	roof.	However,	it	received	3	out	of	the	5	points	

due	to	the	weighted	system	used	in	reviewing	the	types	and	amount	of	features	a	

project	uses.	Since	a	green	roof	is	such	a	strong	feature	and	it	covered	a	large	area,	

the	project	was	rewarded	accordingly.	The	project	received	the	full	10	out	of	10	

points	in	the	“total	features”	subsection	because	of	the	extend	of	the	green	roof.	

Even	though	technically	the	project	only	incorporates	this	one	feature,	it	covers	

3,000	square	feet	and	has	a	variety	of	plant	species	that	cover	it,	therefore	resulting	

in	its	higher	score	(Massachusetts	Department	of	Conservation	and	Recreation,	

n.d.).	

The	green	roof	project	received	10	out	of	a	possible	15	points	in	the	

“performance”	section.	It	was	awarded	the	full	5	out	of	5	points	in	the	

“imperviousness”	subsection	due	to	the	fact	that	the	main	goal	of	the	project	was	to	
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reduce	the	amount	of	impervious	surface	area	on	the	site,	and	because	of	the	extent	

and	scale	of	the	green	roof.	The	project	received	4	out	of	5	points	in	the	“runoff	

quantity”	subsection	because	there	was	an	attempt	to	reduce	the	total	amount	of	

stormwater	runoff.	Depending	on	the	time	between	storms,	the	green	roof	was	

found	to	retain	anywhere	from	20%	-	100%	of	the	rainfall,	with	retention	ability	

decreasing	as	the	green	roof	became	more	saturated	with	water	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	The	green	roof	was	successful	in	

delaying	the	release	and	slowing	the	rate	of	runoff	for	all	storms,	even	if	it	was	fully	

saturated,	therefore	resulting	in	the	project	receiving	not	all,	but	almost	all	points	in	

this	subsection.	In	the	“runoff	quality”	subsection,	the	project	only	received	1	point	

for	attempting	to	improve	the	quality	of	stormwater	runoff	by	decreasing	pollutant	

and	contaminant	levels.	Unfortunately,	the	project	was	unsuccessful	in	doing	so,	and	

therefore	lost	the	bulk	of	the	points	in	this	subsection.	The	green	roof	actually	ended	

up	increasing	the	amount	of	phosphorus	in	runoff,	likely	from	the	organic	matter	in	

the	soil	and	fertilizer,	which	can	deplete	oxygen	levels	and	harm	ecosystems	in	

nearby	water	bodies	(Massachusetts	Department	of	Conservation	and	Recreation,	

n.d.).	It	was	also	determined	that	the	green	roof	increased	the	concentration	of	

copper	and	lead	in	runoff,	most	likely	a	result	of	not	replacing	old	building	materials	

during	the	retrofit	(Massachusetts	Department	of	Conservation	and	Recreation,	

n.d.).	This	is	important	to	recognize	because	it	provides	an	example	of	how	

improper	planning	and	the	use	of	certain	materials	can	severely	impact	the	design’s	

overall	effectiveness.	
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The	green	roof	project	received	4	out	of	a	possible	6	points	in	the	“feasibility”	

section.	The	project	was	awarded	2	out	of	3	points	in	the	“cost”	subsection	because	

while	with	a	price	tag	of	$100,000,	the	project	is	actually	a	relatively	affordable	one	

compared	to	the	cost	of	other	projects	(Demonstration	2:	Green	Roof,	n.d.).	It	is	

however	important	to	recognize	that	depending	on	the	building	selected	for	the	

creation	of	a	green	roof,	costs	could	be	substantially	greater	if	the	existing	structural	

system	of	the	building	lacks	the	integrity	to	support	such	a	heavy	feature	as	a	green	

roof.	The	project	received	2	out	of	3	points	for	the	maintenance	subsection	as	well.	It	

did	not	receive	full	points	because	there	is	maintenance	associated	with	the	feature	

during	the	first	couple	years	as	the	plants	get	established.	Once	the	plants	are	

established,	the	green	roof	actually	requires	very	little	maintenance	(Massachusetts	

Department	of	Conservation	and	Recreation,	n.d.).	

The	green	roof	project	received	5	out	of	a	possible	14	points	in	the	final	

section,	“extras”.	The	project	received	only	1	out	of	5	points	in	the	“community	

benefits”	subsection	due	to	the	fact	that	it	did	not	provide	many	additional	benefits	

to	the	community.	It	was	awarded	one	point	however,	due	to	the	fact	that	the	green	

roof	added	an	aesthetic	beauty	to	the	surrounding	community.	The	project	received	

1	out	of	4	points	in	the	“additional	benefits”	subsection	because	it	did	not	provide	

any	additional	benefits	other	than	insulating	the	building,	which	is	turn	allows	

heating	and	cooling	costs	to	be	lowered	(Massachusetts	Department	of	Conservation	

and	Recreation,	n.d.).	Finally,	the	green	roof	project	received	3	out	of	5	points	in	the	

“goals	met”	subsection	because	the	project	was	relatively	successful	at	retaining	

stormwater	runoff	to	a	degree;	however,	since	part	of	the	goal	was	to	reduce	
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pollutant	levels	and	the	implementation	of	the	green	roof	actually	increased	some	

pollutant	levels,	the	project	did	not	received	the	full	points	in	this	subsection.		

Wilmington,	MA	

Analyzing	the	Silver	Lake	project	in	Wilmington,	MA	using	the	ranking	

system	seen	in	Table	1	results	in	the	project	receiving	a	total	score	of	24	out	of	50,	

and	a	“below	satisfactory”	ranking.	Out	of	the	project’s	overall	score	of	24,	it	

received	10	points	in	the	“features”	section,	7	points	in	the	“performance”	section,	4	

points	in	the	“feasibility”	section,	and	3	points	in	the	“extras”	section.	A	breakdown	

of	the	Silver	Lake	project’s	ranking	can	be	seen	in	Table	6.	

The	Silver	Lake	project	was	awarded	10	out	of	a	possible	15	points	in	the	

“features”	section	based	off	the	strength,	range,	and	total	amount	of	features.	The	

project	received	2	out	of	5	points	in	the	“types	of	features”	subsection	due	to	its	lack	

of	a	range	of	features	utilized.	The	project	uses	two	features,	rain	gardens	and	

permeable	pavers;	however,	since	the	size	and	complexity	of	the	features	is	not	

outstanding,	the	project	did	end	up	losing	some	points	in	this	subsection.	The	

project	received	8	out	of	10	points	in	the	“total	features”	section	because	even	

though	the	features	were	not	particularly	strong	ones,	the	project	did	incorporate	

12	different	rain	gardens	and	2	separate	parking	strips	of	permeable	pavers	

(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	The	main	reason	

the	project	lost	points	in	this	section	is	because	the	types	and	sizes	of	LID	features	

selected	were	limited	and	not	particularly	strong,	complex	features	like	bioswales	

tend	to	be.	
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The	Silver	Lake	project	received	7	out	of	a	possible	15	points	for	the	

“performance”	section.	The	project	received	3	out	of	5	points	in	the	

“imperviousness”	subsection	because	the	features	did	aim	to	reduce	the	overall	

impervious	footprint,	and	actually	succeeded	to	some	degree	with	the	

implementation	of	the	permeable	pavers.	The	project	received	3	out	of	5	points	in	

the	“runoff	quantity”	subsection,	earning	a	point	because	the	features	aimed	to	

reduce	stormwater	runoff	quantities.	The	project	was	not	awarded	full	points	in	this	

subsection	because	the	design	was	actually	not	very	effective	at	decreasing	runoff	

quantities,	and	was	only	able	to	reduce	the	runoff	produced	by	small	storms	of	less	

than	a	quarter	inch	(Massachusetts	Department	of	Conservation	and	Recreation,	

n.d.).	The	project	only	received	1	out	of	5	points	in	the	“runoff	quality”	subsection	

because	it	had	very	little	influence	on	pollutant	and	contaminant	levels	in	the	runoff,	

even	though	it	had	aimed	to	improve	the	runoff’s	quality.	It	was	actually	determined	

“that	the	rain	gardens	and	permeable	pavement	did	not	significantly	reduce	

pollutant	concentrations	or	loads	of	nutrients,	metals,	petroleum	hydrocarbons,	or	

fecal	bacteria”	(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	

This	section	helps	show	that	if	not	designed	and	implemented	correctly,	LID	

features	will	not	perform	at	the	level	that	they	are	potentially	able	to	perform	at,	as	

was	the	case	in	Wilmington,	MA.	

The	Silver	Lake	project	was	awarded	4	out	of	a	possible	6	points	in	the	

“feasibility”	section.	The	project	received	2	out	of	4	points	for	the	“costs”	subsection	

because	the	project	was	relatively	inexpensive.	The	total	cost	for	the	project	

combined	with	another	similar	nearby	project	came	to	a	total	of	$447,000,	which	is	
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far	more	affordable	for	a	neighborhood	retrofit	as	compared	to	the	price	tags	

associated	with	the	neighborhood	retrofits	in	Seattle	and	Los	Angeles	

(Demonstration	4:	Stormwater	Quality	Improvements	Using	LID	Retrofits	in	Lake-

Side	Neighborhood,	n.d.).	The	project	received	2	out	of	3	points	in	the	“maintenance”	

subsection.	The	rain	gardens	do	require	some	occasional	maintenance,	however	it	is	

very	simple,	and	was	even	taken	care	of	for	the	first	three	years	by	the	contractor	

who	constructed	the	project	(Massachusetts	Department	of	Conservation	and	

Recreation,	n.d.).	

The	Silver	Lake	project	received	only	3	out	of	a	possible	14	points	in	the	final	

section,	“extras”.	Other	than	providing	the	neighborhood	with	an	aesthetic	quality,	

this	project	did	not	render	any	other	additional	community	benefits;	therefore	it	

received	1	out	of	5	points	in	the	“community	benefits”	subsection.	The	project	also	

did	not	offer	any	other	additional	benefits,	and	as	a	result	received	0	out	of	4	points	

in	the	“additional	benefits”	subsection.	While	the	project	did	slightly	reduce	the	

site’s	impervious	footprint	and	the	design	was	capable	of	reducing	runoff	from	most	

small	storms,	it	was	incapable	of	reducing	pollution	and	contamination	of	runoff	and	

was	unable	to	manage	the	runoff	produced	by	any	storm	larger	than	a	quarter	inch	

(Massachusetts	Department	of	Conservation	and	Recreation,	n.d.).	This	being	the	

case,	the	project	was	awarded	2	out	of	5	points	in	the	“goals	met”	section	because	

some	were	partially	met	while	others	were	completely	missed.	
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Conclusion	

The	focus	of	this	study	is	to	review	the	viability	of	implementing	Low	Impact	

Development	as	a	sustainable	alternative	to	stormwater	management.	This	was	

accomplished	through	the	review	of	research	and	the	assessment	and	analysis	of	

four	case	studies	using	the	ranking	system	developed	and	seen	in	Table	1.	After	the	

review	of	research	on	different	stormwater	management	techniques,	it	was	

concluded	that	conventional	systems	are	expensive,	require	vast	amounts	of	

infrastructure	and	land	allocation,	can	actually	contribute	to	pollution	issues,	and	

treat	stormwater	runoff	as	a	waste	product	instead	of	a	resource.	A	more	

sustainable	approach	that	was	identified	was	the	implementation	of	LID	as	a	

stormwater	management	technique.	LID	is	an	ecosystem-based	approach	to	storm	

water	management	that	“seeks	to	design	the	built	environment	to	remain	a	

functioning	part	of	an	ecosystem	rather	than	exist	apart	from	it”	(Introduction	to	

LID,	n.d.).	This	is	accomplished	through	the	capture	and	treatment	of	runoff	at	the	

source,	through	the	use	of	lot-level	landscaping	features	such	as	bioretention	areas,	

bioswales,	rain	gardens,	green	roofs,	permeable	paving	materials,	and	the	use	of	

native	and	drought-tolerant	vegetation	that	help	restore	a	site’s	natural	

predevelopment	hydrology	(Chau,	2009).	These	features	allow	stormwater	runoff	to	

be	captured,	retained,	and	infiltrated	at	the	source,	reducing	the	negative	impacts	

associated	with	runoff	discharge	such	as	flooding,	erosion,	and	pollution.	This	in	

turn	reduces	the	need	for	conventional	stormwater	management	systems,	and	

actually	utilizes	the	runoff	to	recharge	groundwater	supplies	and	cut	back	on	

potable	water	use	for	irrigation	requirements.	The	ranking	system	developed	for	
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this	study	helps	to	analyze	the	implementation	of	various	LID	features	and	

techniques	identified	in	the	four	case	studies	that	were	reviewed.	The	ranking	

system	has	four	sections	that	help	assess	the	implementation	of	LID	features	and	the	

overall	project	as	a	stormwater	management	technique.	The	first	two	sections	have	

the	most	points	available	because	they	assess	the	actual	features	used	throughout	

the	project	and	the	feature	and	project’s	performance	with	regards	to	impervious	

surface	area	reduction,	runoff	quantity	reduction,	and	runoff	quality	improvement.	

The	third	section	assesses	the	feasibility	of	the	project	and	its	features,	based	on	the	

cost	effectiveness	and	affordability	of	the	project	as	well	as	the	maintenance	that	

accompanies	the	features	that	were	implemented	in	the	project’s	design.	The	forth	

and	final	section	of	the	ranking	system	looks	at	any	community	or	otherwise	

addition	benefits	that	may	be	associated	with	the	project	and	its	features.	This	final	

section	also	assess	whether	or	not	the	project’s	goals	were	met,	and	to	what	degree.	

The	CWH’s	Elmer	Avenue	neighborhood	retrofit	project	in	Los	Angeles,	CA	

received	the	highest	score	out	of	the	four	case	studies	analyzed	due	to	the	highly	

comprehensive	design	that	was	implemented,	which	featured	a	wide	variety	of	LID	

features	and	techniques	as	well	as	an	abundance	of	total	features.	The	most	effective	

strategies	identified	in	the	Elmer	Ave	project	include	use	of	bioswales	filled	with	

native	vegetation,	and	the	underground	infiltration	galleries,	which	allowed	

stormwater	runoff	to	infiltrate	and	recharge	groundwater	supplies	(Council	for	

Watershed	Health,	n.d.).	The	Elmer	Ave	project	barely	outscored	SPU’s	SEA	Streets	

project	in	Seattle,	WA,	which	also	scored	highly	due	to	the	multitude	of	types	of	

features	and	the	impressive	total	amount	of	features	used.	The	most	effective	and	
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influential	features	identified	in	the	SEA	Streets	project	were	bioswales	filled	with	

native	vegetation,	similarly	to	Elmer	Ave.	Elmer	Ave	mainly	outscored	SEA	Streets	in	

the	final	section	of	the	ranking	system	due	to	the	plethora	of	community	and	

additional	benefits	such	as	reduced	potable	water	use,	the	incorporation	of	solar	

streetlights,	and	improved	walkability	(Elmer	Avenue	Neighborhood	Retrofit,	2015).	

Both	Elmer	Ave	and	SEA	Streets	outscored	the	green	roof	retrofit	project	in	Ipswich,	

MA,	which	lost	a	good	deal	of	points	in	the	“performance”	section	due	to	the	inability	

to	improve	runoff	quality.	Another	area	that	the	green	roof	project	scored	

significantly	lower	was	in	the	last	section,	due	to	the	lack	of	providing	any	

community	or	otherwise	additional	benefits.	The	final	case	study	looking	at	the	

retrofit	of	the	Silver	Lake	neighborhood	in	Wilmington,	MA	scored	the	lowest	out	of	

all	the	case	studies,	and	received	a	“below	satisfactory”	ranking.	Silver	Lake	was	

outscored	by	all	three	other	case	studies	in	the	features	section	because	of	the	

limited	types	and	total	amount	of	features	implemented	in	the	project’s	design.	

Silver	Lake	was	also	had	the	lowest	score	out	of	the	four	case	studies	in	the	

“performance”	section	because	the	design	and	implementation	of	the	features	did	

not	considerably	reduce	the	site’s	impervious	footprint,	did	not	allow	for	adequate	

management	and	reduction	of	stormwater	runoff	quantities,	and	did	not	improve	

the	quality	of	the	runoff.	Additionally,	Silver	Lake	did	not	provide	any	additional	

benefits	or	community	benefits	other	than	slightly	improving	the	aesthetic	appeal	of	

the	neighborhood,	and	failed	to	meet	most	of	its	goals,	therefore	resulting	in	a	very	

low	score	in	the	final	section	of	the	ranking	system.	Even	though	the	Silver	Lake	

project	scored	poorly	and	received	a	“below	satisfactory”	ranking,	there	area	some	
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important	lessons	that	can	be	taken	away,	such	as	the	importance	of	the	

consideration	and	planning	during	the	design	phase	of	a	project	to	address	the	

specific	conditions	of	the	site,	and	how	the	project	goals	will	be	met.	Assessment	of	

this	project	also	highlights	the	importance	of	incorporating	multiple	types	of	LID	

features	to	create	a	successful	design	composition.	

Based	on	the	findings	and	results	of	this	study,	it	is	determined	that	Low	

Impact	Development	can	indeed	serve	as	a	viable	sustainable	alternative	to	

conventional	stormwater	management	systems	and	techniques.	According	to	the	

analysis	and	ranking	of	the	four	different	case	studies,	LID	can	be	successfully	

designed	and	implemented	to	adequately	handle	a	number	of	issues	associated	with	

stormwater	runoff,	including	flooding,	erosion,	and	pollution.	In	addition	to	

combatting	these	negative	impacts	of	runoff,	LID	can	also	add	numerous	community	

benefits	and	other	addition	benefits	through	the	successful	design	and	construction	

of	LID	projects.	Adequately	addressing	a	site’s	issues	and	existing	conditions	is	key	

to	the	development	of	an	effective	design.	In	consideration	of	the	case	studies	

analyzed	as	part	of	this	study,	it	is	suggested	that	a	variety	of	different	types	of	LID	

features	be	incorporated	together	to	create	a	layered	design.	This	is	due	to	the	fact	

that	the	more	natural	features	on	a	site,	the	closer	it	will	perform	according	to	its	

predevelopment	hydrology.	Based	on	this	study,	bioswales	and	bioretention	areas	

are	identified	as	the	most	effective	and	beneficial	LID	features,	and	it	is	suggested	

that	all	projects	incorporating	LID	include	the	use	of	these	features	in	their	design.	

Another	important	take	away	from	this	study	is	that	the	sheer	number	or	size	of	

features	can	make	a	big	impact	on	the	design’s	function,	and	therefore	it	is	
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suggested	that	projects	utilizing	LID	strive	to	incorporate	as	many	features	as	

possible,	which	will	inherently	increase	the	performance	of	the	design.	One	of	the	

other	major	conclusions	drawn	from	this	study	and	the	review	and	ranking	of	the	

four	different	case	studies	is	the	utmost	importance	of	planting	native	trees	and	

other	plant	species	all	over	the	project.	The	native	vegetation	not	only	helps	restore	

the	site	to	its	predevelopment	conditions,	but	it	also	helps	retain	and	soak	up	runoff,	

filter	pollutants,	and	it	adds	a	wonderful	aesthetic	beauty	and	relaxing	park-like	

atmosphere.	Keeping	these	key	findings	and	conclusions	in	mind	during	the	

planning,	design,	and	construction	phases	of	project	developments,	Low	Impact	

Development	can	certainly	be	implemented	as	a	viable	sustainable	alternative	

stormwater	management	technique.	Due	the	time	limitations	of	this	study,	neither	

an	in-depth	quantitative	analysis	nor	a	true	cost	benefit	analysis	could	be	

performed.	Future	studies	should	aim	to	perform	both	a	quantitative	analysis	and	a	

cost	benefit	analysis	of	the	effects,	benefits,	and	potential	negatives	of	different	LID	

features	and	design	techniques.	This	would	allow	for	a	more	comprehensive	

understanding	of	Low	Impact	Development,	and	would	further	advance	the	

implementation	potential	of	LID	as	a	sustainable	stormwater	management	

technique.	
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