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National trend:National trend:
• Significant increased interest in the use of green 

infrastructure to manage wet weather
• To the point where green stormwater

infrastructure is preferred or required
 State: MD (Environmental Site Design)  VA (Runoff Reduction Method)  NC (LID Guidebook)  State: MD (Environmental Site Design), VA (Runoff Reduction Method), NC (LID Guidebook), 

Coastal GA (Green Infrastructure Approach)

 Municipal: Portland, OR (Sustainable Stormwater Program), Philadelphia, 
PA (Green City Clean Waters Program)  Lenexa  KS (Rain to Recreation Program)  PA (Green City-Clean Waters Program), Lenexa, KS (Rain to Recreation Program), 
Chicago, IL (Green Streets/Roof/Alley Programs)

 County: Lake County, IL (Proposed Runoff Volume Reduction Criteria)



Shift away from “pipe and manage”…
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“He who sweats stormwater…manages stormwater
runoff by sitting in the shade with a cold beverage.”runoff by sitting in the shade with a cold beverage.

- Aquadiates (310 - 272 BC) Stormwater
Philosopher



With the shift  questions abound:With the shift, questions abound:
• Does this stuff really work?
• How do you incorporate it into local ordinances?How do you incorporate it into local ordinances?
• How do you use it on a development or 

redevelopment site?
• Where can I find design guidance?
• What about maintenance?
• HOW MUCH DOES IT COST?



“Cost” Cost
• Typically, number of dollars (i.e., price) paid by 

an individual in the short-term to achieve or 
obtain an object

• Merriam-Webster Dictionary
 1a: the amount or equivalent paid or charged for 1a: the amount or equivalent paid or charged for 

something; price
 1b: the outlay or expenditure (as of effort or sacrifice) 

made to achieve an object made to achieve an object 
 2: loss or penalty incurred especially in gaining 

something 
So  “co t” ca  be o e tha  j t dolla• So, “cost” can be more than just dollars…



Let’s look at an example…Let s look at an example…
 Stormwater Management
 Objectives:

• Flood Control
 2-year, 24-hour event, 0.04 cfs/acre max

100  24 h   0 15 f /   100-year, 24-hour event, 0.15 cfs/acre max

• Water Quality
 Water Quality VolumeWater Quality Volume
 0.01 in. runoff/1% imperviousness, 0.2 in. min.





THESE!



AND THIS! 



AND THESE!



AND THIS!

Objectives Achieved

CAN: CAN’T: 
• Flood Control 
• Water Quality (?)

• Channel Protection
• Groundwater Recharge

• Centralized Maintenance • Runoff Reduction
• Wildlife Habitat     
(Maybe an urban goose farm…)( aybe a u ba goose a )





DOES THIS WORK?



WHAT ABOUT THESE?

Source: http://www.greenroofs.com



HOW ABOUT THIS?

CAN: 
Objectives Achieved

CAN’T: 
• Flood Control (w/ others)
• Water Quality

Ch l P t ti

• Centralized Maintenance

• Channel Protection
• Groundwater Recharge
• Runoff Reduction• Runoff Reduction
• Wildlife Habitat



 Some services/potential objectives are “lost” 
simply by the choices we makesimply by the choices we make

 These losses could also be considered in our 
evaluation of the cost of infrastructure

 But never calculated; very difficult to valuate the  But never calculated; very difficult to valuate the 
ecosystem services provided by stormwater
infrastructure



Environmental and social services provided 
by green stormwater infrastructure (US EPA 
green infrastructure website):green infrastructure website):



 Braden, J.B. and A.W. Ando, 2011 , J ,
• Hypothetical national policy that would require new 

construction to maintain/restore pre-development 
hydrology:

f f Water quality improvement alone could yield benefits of at 
least $624 million each year

 Flood reduction benefits and reduced infrastructure costs 
would add another $34 million annuallyy

 US EPA, 2010
• Portland, OR:
 Considers its $9 million investment in green infrastructure to 

have saved ratepayers $224 million in CSO costs, such as in 
infrastructure maintenance and repair costs 

 Sees a number of additional benefits, whether for Coho 
salmon and Steelhead trout, or for residents in neighborhoods , g
with green streets and green infrastructure retrofit projects



 Harrison et al., 2001; Bin and Polasky, 2004, ; y,
• Effects of flooding on housing prices
 Houses located in flood prone areas have a 4-12% lower market 

value than equivalent homes located outside of areas prone to 
floodingflooding

 Preservation of pre-development site hydrology prevents additional 
flooding and maintains or increases home values

 Pennsylvania Horticultural Society website
Philadelphia  PA:• Philadelphia, PA:
 Conversion of over 5,500 blighted vacant lots to "clean & green" lots 

resulted in an increase in surrounding housing values by as much as 
30%; this translates into a $12 million investment in lot improvements 
and a $4 million gain in property values as a resultand a $4 million gain in property values as a result



 Analysis of the “cost” of infrastructure depends on  Analysis of the cost  of infrastructure depends on 
perspective and the objectives/services that our 
infrastructure must/should/could provide
• Role: developer, elected official, regulator, 

stormwater manager, municipal staff, resident, 
preservationistpreservationist

• Scale: site, block, neighborhood, city, watershed
• Time Frame: now, short-term, mid-term, long-term

 Difficult to capture all of these perspectives with  
“dollars only” analysis of cost



http://www.gcbl.org/system/files/sustainability-venn-
sm.jpg
G Cit Bl L k Cl l d  OH



That triple bottom line and big picture That triple bottom line and big picture 
stuff makes for great presentations, but 
I’ve really only got one bottom lineI ve really only got one bottom line
• What is it going to cost – in terms of dollars – to 

provide those additional benefits?provide those additional benefits?
Does green stormwater infrastructure 

cost more than traditional stormwater
infrastructure at the site scale? 



 US EPA, 2007 US EPA, 2007
• 17 Case Studies
• Total construction cost 

savings ranged from 15 savings ranged from 15 
to 80% when green 
infrastructure was used, 
with a few exceptionsp

• Significant savings were 
attributed to reduced 
costs for site grading g g
and preparation, 
stormwater
infrastructure, site 

i  d l d ipaving, and landscaping



US EPA, 2007



 Winer-Skonovd et al., ,
2006
• 10 Case Studies
• Estimates of construction 

cost savings ranged from 
12 to 50 % with the 
application of green 
infrastructure over infrastructure over 
traditional stormwater
infrastructure

• Significant savings were 
attributed to reduced 
costs for site 
preparation, stormwater
infrastructure, and infrastructure, and 
landscaping



Winer-Skonovd et al., 2006



 Gunderson et al  2011 Gunderson et al., 2011
(Stormwater, Mar.-Apr. 2011)

• 2 Projects: Boulder Hills 
(Residential), 
Greenland Meadows 
(Commercial)

Gunderson et al., 2011

(Commercial)
• Construction cost 

savings of $49,000 for 
Boulder Hills and 
$930,000 for Greenland 
Meadows

Gunderson et al., 2011



Gunderson et al., 2011

Gunderson et al., 2011



What about maintenance?What about maintenance?
• The fact that green stormwater infrastructure can 

result in lower construction costs is good for the result in lower construction costs is good for the 
developer, but what about the long-term bottom 
line for the HOA, property owner, or 

i i li ?municipality?
• Important to consider life-cycle costs in 

evaluating the true cost of infrastructureevaluating the true cost of infrastructure



All stormwater management practices 
require maintenance

With traditional stormwater infrastructure With traditional stormwater infrastructure 
true maintenance typically occurs only 
when there is failure because the 
i f t t  i  “ tt i ht  tt i d”infrastructure is “outta sight, outta mind”

“You don’t see me now
You don’t want to anyhow”You don t want to anyhow
- J. Tweedy, Wilco



Water Environment Research Foundation Water Environment Research Foundation 
(WERF), 2005
• “Probably 80% of the total man hours spent in the y p

field in many jurisdictions are associated with 
grass mowing, rather than the issues one might 
expects such as sediment  debris and trash expects such as sediment, debris and trash 
removal, or structural repair.” 

• “Of this 80%, most of the effort has little effect on 
BMP f  b t lt  f  th  l l f BMP performance, but results from the level of 
service expectations of residents living near these 
facilities.” 



Almost all green stormwater infrastructure Almost all green stormwater infrastructure 
is visible and considered an aesthetic 
amenity; harder to ignore maintenance

Vegetation upkeep plays a more significant Vegetation upkeep plays a more significant 
role in performance

Since green infrastructure systems aren’t 
d d    i  (   dependent upon one practice (e.g., wet 
pond), small problems rarely lead to 
complete system failuresco p ete syste a u es
• Particularly when larger scales (e.g., neighborhood, 

municipality, watershed) are considered



Weiss et al  2005Weiss et al., 2005



 Bioretention

• Many tasks can be performed by knowledgeable 
volunteers/watershed stewards 

North Carolina State Univ. Stormwater Engineering Group Bioretention Website

volunteers/watershed stewards 
 Decreased maintenance costs
 Increased public education and involvement



Anne Arundel County (MD) Watershed Stewards Academy Website



 In summary, analysis of the “cost” of  In summary, analysis of the cost  of 
infrastructure depends on perspective and the 
objectives/services that our infrastructure 

t/ h ld/ ld idmust/should/could provide
 Difficult to capture all of these perspectives 

with  “dollars only” analysis of costo o y y o co
 In any evaluation, consider ALL of the 

objectives/ services that are important to you 
and o r comm nit  and/or c stomersand your community and/or customers
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