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Minimize total cost

subject to: 

Meet desired CSO reduction 

Upper limit for each LID category

Upper limit for total greened acres

Non-negativity

Get CSO reduction 
coefficients via regression 

We use hydrologic modeling to aid in 
neighborhood-specific stormwater management 

Green infrastructure use in specific land cover 
areas shows system-wide environmental benefits

Increased implementation of green infrastructure 
shows diminishing returns in CSO reductions

Non-linear simulation results are used to obtain 
coefficients for StormWISE optimization model

Figure	1.	(A)	Location	of	Philadelphia	in	the	Eastern	United	States.	(B)	Areas	of	study.	Notice	the	
large	portion	of	the	city	that	contains	combined	sewers.	In	this	area	is	the	Mill	Creek	sewershed
falls.	The	Mill	Creek	combined	sewer	system	often	spills	outflows	to	the	Schuylkill	River.	

Figure	2.	(A)	Dynamic	hydrologic	model	of	the	Mill	Creek	
Sewershed created	using	EPA	Storm	Water	Management	
Model	(SWMM).	(B) Note	the	location	of	the	GCC	in	the	
sewershed.	It	allows	for	analysis	of	GSI	implementation	in	
a	specific	upstream	portion	of	a	sewershed.	(C)	The	
transition	zone	between	the	Appalachian	Piedmont	and	
the	Atlantic	Coastal	plain	causes	a	significant	elevation	
drop	in	the	sewershed.

Figure	3	.	(A),	(B)	Both	
natural	and	man-
made	elevation	
changes	in	the	GCC	
make	it	ideal	for	a	GSI	
study.	(C),	(D)	Land	
cover	types	tend	to	
correlate	with	
particular	ranges	in	
impervious	cover	
values.	This	leads	to	
the	ability	to	compare	
not	only	social	GSI	
benefits	in	each	land	
cover,	but	also	
differences	in	
hydrologic	patterns	of	
different	land	covers.		

(A)	

Citywide implementation of green infrastructure 
is enhanced with community-based planning1

The Green Commercial 
Corridor:  
The City of Philadelphia uses 
green stormwater
infrastructure (GSI) to reduce 
its combined sewer overflows 
(CSOs). To add to this 
initiative, we propose the 
creation of a “Green 
Commercial Corridor” 
(GCC) in part with the 
Overbrook Environmental 
Education Center. Saturating 
the GCC with GSI will lead 
to both environmental and 
social benefits. 

Greened Acres: 
A greened acre (GA) is a unit 
representing the ability of a GSI 
practice to manage one inch of runoff 
from one acre of drainage area. GAs 
are widely used for planning GSI in  
Philadelphia, especially by the 
Philadelphia Water Department 
(PWD).

CSO maximum daily flow
CSO maximum daily flow 
with 637 GA of rain gardens

Daily rainfall

cf
s

Date

inches

2011-2012	Rainfall	and	Simulated	CSO	
Spillage

Figure	4:	In	July	2011-June	2012	
Philadelphia	saw	58.3	inches	of	
rain,	much	higher	that	the	
average	annual	rainfall	of	41.15	
inches.	This	primarily	occurred	
from	very	high	rainfall	totals	in	
July	through	September.	This	time	
period	is	used	as	the	hydrologic	
input	to	the	SWMM	model.	In	the	
figure	also	note	the	reduction	of	
CSO	flows	with	the	introduction	of	
rain	gardens	to	the	GCC.
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Individual	LID	Simulation	by	Land	Cover	Results

Figure	5:	We	model	rain	barrels,	tree	trenches,	and	rain	
gardens	in	the	corridor	area.	We	examine	the	effects	of	
each	of	these	low	impact	developments	(LIDs)	individually	in	
four	land	cover	types.	The	results	show	that	even	though	
the	implemented	LIDs	are	located	far	from	the	outflow,	they	
still	will	have	an	impact	on	reducing	CSOs	from	the	
sewershed.	Examining	the	trends	of	these	benefits	based	on	
land	cover	type	brings	significant	advantages	to	community-
based	GSI	planning.	 StormWISE results show varying optimal 

investment strategies across land cover types

Figure	6:	Two	sets	of	
simulation	results	are	shown.	
The	first,	represented	by	
solid	circles,	shows	the	
reductions	in	CSO	volume	
from	saturating	the	GCC	with	
one	type	of	LID	until	the	area	
reaches	capacity.	These	
simulations	show	significant	
diminishing	returns	on	
investment.	The	second	set	
of	simulations	involved	
scattering	the	whole	corridor,	
and	then	four	individual	land	
covers,	with	random	
combinations	of	all	three	
LIDs.	Displayed	in	two	
dimensions	these	seem	
mostly	linear,	however	if	
each	LID	is	represented	by	a	
different	variable	diminishing	
returns	exist.	

Figure	7:	StormWISE is	run	for	
the	whole	corridor	space,	and	
then	for	each	of	the	four	land	
covers.	The	optimal	solutions	
are	shown	as	the	desired	CSO	
volume	reduction	value	in	the	
formulation	is	increased.	The	
high	cost	of	rain	gardens	and	
low	cost	of	rain	barrels	are	
often	reflected	in	the	result	of	
all	combined	land	covers.	
However,	the	feasibility	of	
certain	LID’s	implementation	
in	different	land	cover	types	is	
also	reflected	in	the	results.	
Examples	include	the	lack	of	
rain	barrels	and	favorability	of	
tree	trenches	in	transportation	
land	cover,	favorability	of	rain	
barrels	in	residential	areas,	
and	implementation	of	rain	
gardens	occurring	sooner	in	
the	percent	capacity	in	
commercial	areas	relative	to	
other	land	covers.	If	this	
optimization	strategy	of	
optimization	is	combined	with	
planning	GSI	implementation	
based	on	social	benefits,	
further	optimal	community	
solutions	can	be	found.	

Storm Water Investment Strategy Evaluator (StormWISE)
StormWISE is used to determine the optimal quantities of each GSI type to use in the corridor. It does this with 
the objective of minimizing the overall cost of GSI in order to achieve a desired annual CSO reduction volume.  
This volume is formulated using coefficients determined from a non-linear, multivariate regression from the multi-
LID simulation results shown in figure 6. Upper bounds must also be included in the constraints in order to 
eliminate solutions that propose GSI quantities the exceed the GCC’s capacity.

StormWISE Formulation

(B)	

LID Costs per greened acre:
Rain barrels: 191,000 $/GA
Tree trenches: 155,000 $/GA
Rain gardens: 164,000 $/GA 


