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Summary 

The Penn State Center for Green Infrastructure and Stormwater 
Management is one of two EPA-funded centers in the Chesapeake 
Bay region conducting research on community-based approaches 
to stormwater management using green infrastructure.  The 
overarching goal of the Center is to understand and influence how 
local and regional stormwater management decisions are made to 
protect and restore the Chesapeake Bay, with a research target 
area of the Lower Susquehanna in southcentral Pennsylvania, a 
region characterized by high pollutant loads from urban runoff 
and the pressures of population growth and land conversion.   
 
On June 26, 2013, the Center hosted a forum for stakeholders 
involved in stormwater management in the Lower Susquehanna 
region.  The forum was the first in a series of events that will be 
sponsored by the Center.   
 
The forum provided stakeholders with an overview of the research approaches, goals and 
objectives of the Center, and invited stakeholders to participate in two facilitated small 
group dialogue sessions to discuss stormwater management challenges in the Lower 
Susquehanna region.  Participants included municipal officials, engineers, landscape 
architects, planners, regulators, policy makers, environmental groups, developers, and 
landscape professionals.   
 
Stakeholders shared success stories from their communities where green infrastructure 
projects had been implemented.  A multitude of benefits from these successful projects—
water quality related and beyond—were identified.   
 
 
Barriers to greater adoption were also identified.  These included: a lack of support, 
enthusiasm and leadership for green infrastructure; conflicting regulations and insufficient 
regulatory guidance; perception that costs outweigh benefits; lack of funding and 
resources; maintenance challenges; and lack of professional design, construction and 
maintenance training.  
 
Potential solutions to these barriers were identified by participants, including: providing 
increased training; improving model ordinances; developing successful demonstration sites in 
all communities; cultivating local leadership; exploring uniform funding strategies; working at 
watershed level through multi-municipal cooperation; and developing a social marketing 
strategy to create a “new normal” related to public perception and acceptance of green 
infrastructure. 
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The forum provided a successful venue in which to engage local stakeholders within the target 
region of the Center’s research, to share research goals and objectives, and to gather invaluable 
information about barriers and potential solutions to greater adoption of green infrastructure 
in the Lower Susquehanna.  Additional opportunities to engage stakeholders through 
conferences and workshops will be provided as the work of the Center progresses.  
 

Background 

The Penn State Center for Green Infrastructure and Stormwater Management is one of 
two EPA-funded centers in the Chesapeake Bay region conducting research on 
community-based approaches to stormwater management using green infrastructure.   
  
The overarching goal of the Center is to understand and influence how local and regional 
stormwater management decisions are made to protect and restore the Chesapeake Bay. 
This challenge is approached as a complex system problem involving technical, social and 
economic aspects. 
 
The target area of the Center’s research is the 
Lower Susquehanna region in southcentral 
Pennsylvania—with particular focus in Dauphin, 
Lancaster and Lebanon Counties.  This region is 
characterized by high pollutant loads from 
urban runoff and the pressures of population 
growth and land conversion.   
 
On June 26, 2013, the Center hosted a forum for stakeholders involved in stormwater 
management in the Lower Susquehanna region.  The forum was the first in a series of 
events that will be sponsored by the Center.   
 
The purpose of the forum was to provide an overview of the research approaches, goals 
and objectives of the Center, and serve as a venue for discussion among stakeholders 
dealing with stormwater management challenges in the Lower Susquehanna region.   
 
Attendees included municipal officials, engineers, landscape architects, planners, 
regulators, policy makers, environmental groups, developers, and landscape professionals.  
Ideas shared at the forum by attendees will help shape the Center’s research agenda to 
ensure that it addresses real issues that stormwater decision makers are confronting on 
the ground.  
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Overview of the Center’s Research 
 
The Center for Green Infrastructure and Stormwater Management is one of two EPA-
funded centers in the Chesapeake Bay region conducting research on community-based 
approaches to stormwater management using green infrastructure.    
 
The overarching goal of the Center is to understand and influence how local and regional 
stormwater management decisions are made to protect and restore the Chesapeake Bay. 
The Center approaches this challenge as a complex system problem involving technical, 

social and economic aspects.  
 
The Center is interested in how decision 
makers understand green infrastructure 
and the values that green infrastructure 
provide—not only environmental but 
also aesthetic, economic, community, 
wildlife, educational and others—and 
how knowledge and understanding of 
these benefits and values is used in the 
decision-making process.  
 

 
The Center’s integrated, interdisciplinary research will meet the following four objectives:  
 

 Detailed understanding of cognitive and institutional barriers to influence stormwater 
management decisions. 

 Development and use of visualization tools to increase likelihood of improved decision 
making. 

 Increased understanding by scientific community, practitioners, and decision makers 
regarding options, tools and outcomes to better manage stormwater runoff. 

 Identification of the opportunities and strategies to reduce cognitive and institutional 
barriers and improve decision making on stormwater management. 

The target area of the Center’s research is the Lower Susquehanna region in southcentral 
Pennsylvania—with particular focus in Dauphin, Lancaster and Lebanon Counties.  This 
region is characterized by high pollutant loads from urban runoff and the pressures of 
population growth and land conversion.   
 
The Center involves a diverse, experienced, interdisciplinary team of researchers and 
specialists in social science, policy, landscape architecture, engineering, environmental 
economics, hydrological modeling, and community outreach and engagement.  The Center 
is organized into five integrated research teams to address a variety of research questions 
that, collectively, fulfill the Center’s overarching research goal and objectives:  
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Team 1: Decision Making-Cognitive and Institutional Barriers 
This team will explore the cognitive and institutional barriers that currently prevent 
widespread adoption of innovative green infrastructure solutions for stormwater 
management through interviews with decision makers responsible for stormwater 
management. 
 
Team 2: Green Design and Visualization 
Research will explore two tightly-coupled roles for human perception in decision making 
regarding green infrastructure: (i) the role of computer-delivered information, visual and 
verbal, in motivating the adoption of green infrastructure; and (ii) the utility of visualization 
as a component of survey-based means of eliciting values for non-hydrological benefits 
from green infrastructure design. 
 
Team 3: Hydrological and Water Quality Modeling for Green Infrastructure 
Three integrated research projects will evaluate and utilize hydrologic and water quality 
modeling to better ascertain water quality benefits of green infrastructure approaches. The 
lack of model results that accurately portray overall watershed flow systems, particular 
hydrologic processes and the impact of green infrastructure on best management practices 
is a limitation in current technical tools available to stormwater practitioners. Research will 
consider the impact of past extreme events such as drought and flood effects and the 
possible impact on green infrastructure as a useful way to develop plausible designs that 
meet basic hydrologic performance targets. In addition the impact of climate change 
projections on possible performance of green infrastructure efforts will be an important 
new tool for assessment.   
 
Team 4: Non-hydrological Benefits and Citizen Preferences 
Research will identify and quantify citizen demand for non-hydrological benefits of green 
infrastructure, for example aesthetic benefits, wildlife habitat, and reducing urban heat 
island effects.  Focus groups and surveys will help identify what non-hydrological benefits 
are salient to citizens and develop monetary values for those benefits, which can be used by 
decision makers to evaluate specific infrastructure investments in a cost-benefit analysis. 
  
 
Team 5: Public Engagement and Outreach 
A robust stakeholder and community outreach 
program is part of the Center’s multidisciplinary 
research.  The outreach program includes 
development of a Community Partners Council, a 
stakeholder group that will meet regularly with 
Center research leaders in an advisory capacity.  In 
addition, forums and workshops to disseminate 
research questions, results and recommendations 
will be held in the target region. 
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The following table provides the organizational structure and membership of the Center: 
  

 

  

Center for Green Infrastructure and Stormwater Management 
 

Director, Stuart Echols, Science Advisory Committee 
Co-Director, Matt Royer, Community Partners Council 
 
Teams (Team Leaders in bold): 
 
1. Decision Making- Cognitive and Institutional Barriers: 

Barbara Gray, Matt Royer, Stuart Echols, Brian Orland, Richard Ready 

2. Green Infrastructure Design and Visualization: 

 Brian Orland, Stuart Echols, Richard Ready, Jim Shortle 

3. Hydrological and Water Quality Modeling for Green Infrastructure: 

 Christopher Duffy, Shirley Clark, Richard Ready, Jim Shortle 

4. Non-hydrological Benefits and Citizen Preferences: 

Richard Ready, Barbara Gray, Jim Shortle, Brian Orland, Stuart Echols 

5. Public Engagement and Outreach: 

Matt Royer, Barbara Gray, Stuart Echols 
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Lower Susquehanna Green Infrastructure Stories 
 
During the forum’s first facilitated dialogue session, attendees were split into five small groups 
for facilitated discussion.  The purpose of this session was to learn from participants about 
green infrastructure successes in their own communities, what worked well to achieve them, 
and what difficulties might have been faced along the way.  Participants were also asked to 
identify barriers to greater implementation of green infrastructure approaches. 
 
What is green infrastructure? 
 
Dialogue sessions began with an agreed upon definition of green infrastructure, provided by 
EPA: 
 
“Green infrastructure uses vegetation, soils, and natural processes to manage water and create 
healthier urban environments.  At the scale of a city or county, green infrastructure refers to 
the patchwork of natural areas that provides habitat, flood protection, cleaner air, and cleaner 
water. At the scale of a neighborhood or site, green infrastructure refers to stormwater 
management systems that mimic nature by soaking up and storing water.”  
Source: EPA website, http://water.epa.gov/infrastructure/greeninfrastructure/gi_what.cfm 
 
Green infrastructure success stories 
 
 Participants identified a wide variety of green infrastructure practices that have been installed 
in the Lower Susquehanna region, including:  
 

 rain gardens  

 rain barrels 

 green roofs  

 green alleys (pervious pavement) 

 detention basin retrofits 

 floodplain restoration 

 wetlands restoration 

 demonstration areas for multiple stormwater best  

 management practices (BMPs) 
 
 
While there was recognition that, for the most part, communities 
in this region are not yet exhibiting a widespread adoption of green infrastructure approaches 
to stormwater management, there was a repeated refrain from several groups that education 
and acceptance of green infrastructure seemed to be slowly growing in the area. 
 
Specific communities and locations that were mentioned as successful projects included: 
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 Warwick Township, Lancaster County (multiple green infrastructure projects; work 
within schools to promote green infrastructure education) 

 Dauphin County Agriculture and Natural Resources Center (BMP demonstration area 
installed before green infrastructure became widely accepted; BMPs are still functioning 
well) 

 Derry Township, Dauphin County (detention basin retrofits in Oakmont development; 
Hershey Medical Center; Milton Hershey School native meadows) 

 City of Lancaster (implementing green 
infrastructure plan to address combined 
sewer overflow (CSO) problem.  Includes rain 
gardens, rain barrels, green alleys and many 
other BMPs) 

 Borough of Lemoyne, Cumberland County 
(Rain gardens along street to slow traffic and 
beautify the borough) 

 Lebanon County (wetland restoration) 
 
Communities with green infrastructure projects identified the following as benefits of those 
projects: 
 

 Increase aesthetics and beautification 

 Energy conservation (reduced 
heating/cooling costs) 

 Decreased maintenance costs (it was noted 
that there is a misconception that green 
infrastructure will increase maintenance 
costs) 

 Improved water quality 

 Improved traffic and pedestrian safety 

 Decrease water treatment costs 

 Increased property values 

 Facilitating new jobs in green industries 
 
There was repeated recognition among participants that, where non-hydrological benefits 
could be tied to a green infrastructure project, the project seemed to enjoy wider acceptance 
by both the public and local decision makers.  Specific examples included walking trail 
infrastructure projects, traffic safety improvements, energy efficiency improvements, and 
downtown revitalization and beautification. 
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Barriers to greater adoption 
 
Participants were also asked to identify barriers that are currently preventing a greater 

adoption of green infrastructure approaches to stormwater management.  The following 

barriers were identified: 

1. Lack of local support, enthusiasm and leadership for green infrastructure 

Participants identified lack of public support and local leadership for green infrastructure as a 

major barrier.  Where local public officials are enthusiastic about green infrastructure and have 

shown a willingness to embrace it, successful implementation has occurred (e.g., Warwick 

Township, City of Lancaster).   

Public concerns about green infrastructure, whether real or perceived, can also stifle support.  

For example, some residents are concerned that implementation of green infrastructure means 

they will have to give up private property rights; others are concerned about potential fees 

levied on impervious surface landowners; still others have concerns about negative 

environmental consequences of green infrastructure, such as mosquitoes and West Nile virus, 

ticks, snakes etc. 

Finally, the challenges of Pennsylvania’s municipal government structure and a lack of regional 

planning and resources are a major impediment to growing local support and excitement for 

green infrastructure.  While the very nature of stormwater runoff cries for a regional, 

watershed based solution, governance at the municipal level makes this difficult.   

2. Conflicting regulations and insufficient regulatory guidance 

 
Concerns about conflicting regulations and lack 

of clarity in regulations and regulatory guidance 

were common refrains among discussion groups.  

One participant remarked that Pennsylvania has 

poorer, less defined laws than other states in the 

Chesapeake Bay region.  It was acknowledged by 

several groups that PA DEP is understaffed and 

state budgets for stormwater management have 

been cut drastically over the last several years.   

Conflict between water quality requirements and local subdivision and land development 

ordinances as they related to stormwater management was also a specific concern.  It was also 

mentioned that the regulations are not keeping up with innovations in stormwater 

management.   
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A lack of clear guidance for the regulated community, particular MS4s, was a strong concern.  In 

some instances, this lack of guidance has spurred some communities to develop their own 

innovative partnerships, approaches and guidance manuals.  

3. Perception that costs outweigh benefits 

There is a continued public perception that the costs of implementing green infrastructure 

approaches outweigh the benefits.  Part of this is familiarity—people, and particularly local 

officials, want to stick with what is comfortable and what they know.  There is a lack of 

information and therefore skepticism over whether certain practices work.  In particular 

floodplain management practices, porous pavement, and fear that infiltration will result in 

sinkholes were mentioned.   

Public concern about paying for something that may have mainly downstream benefits was also 

mentioned as a barrier.  The public hears about a mandate to clean up the Chesapeake Bay, but 

then is asked to spend money for small scale projects which do not appear to have much 

benefit locally.   

In sum, there is very little understanding about overall costs and benefits, which creates a 

disconnect with the regulated community and the public. 

4. Lack of funding and resources 

A major barrier identified by all groups was a lack of funding and resources to implement green 

infrastructure.  Even when homeowners might be interested in green infrastructure, grants are 

often needed to fund practices. Grants to fund implementation are a possible source of 

funding, but they are limited and often do not 

address long term maintenance needs.   

Fees to fund authorities are not politically palatable.  

People who are paying fees will want to see the direct 

benefit to them—they will not want to see neighbors 

or communities downstream benefit.  Local municipal 

officials often do not look at long term benefits and 

importance of investment in green infrastructure, so 

they are not willing to absorb upfront costs.   
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5. Maintenance challenges 

Maintenance of green infrastructure was another common barrier identified.  Grants to fund 

green infrastructure often stop at implementation without funding for maintenance.  In 

addition, training of professionals is often lacking, as is local municipal staff to conduct 

maintenance.  Lack of maintenance will mean that green infrastructure projects will fail or lose 

aesthetic appeal, resulting in lack of public support.   

6. Lack of professional design, construction and maintenance training 

 
Finally, several groups stated that there is a lack of training for the professional design, 

construction and landscape community in the region on proper design, implementation and 

maintenance of green infrastructure.  This results in a lack of professionals who can actually 

work with local communities and residents to successfully implement and maintain green 

infrastructure practices. 
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Exploring Barriers and Ways of Overcoming Them 

During the forum’s second facilitated dialogue session, five new small groups were created, 
formed around the top barriers identified by participants during the first dialogue session.  
Participants brainstormed about potential ways of overcoming these barriers.  Groups formed 
to discuss the following topics:  
 

 Building support among the public and with policy makers 

 Regulations and insufficient guidance 

 Financing and overcoming perceptions that costs outweigh benefits 

 Addressing maintenance challenges 

 Increasing green infrastructure design 
 
 
Building support among the public and with policy makers 
 
Several ideas for building support for green infrastructure 
were discussed.  Among the most prominent was 
developing and showcasing success stories.  There is value 
in communities applying for grants to fund successful on 
the ground “demonstration” projects to show what green 
infrastructure is and why it works. 
 
Proactive efforts to educate within a community can also 
play key roles in building support.  Cost issues will have to 
be addressed in any public support building effort.  There 
will be individuals expressing opposition and concerns.  It is 
important to have a place for them to voice their concerns.   
 
But misperceptions and lack of understanding often can 
create opposition.  Education and skilled facilitation can 
overcome these.  Lancaster City is a good case study 
because their proactive education and use of demonstration projects in advance of any 
discussions of a stormwater utility seems to have helped garner support.   
 
Building partnerships is important.  Small municipalities can benefit from shared resources.  
York County is a good example of proactive multi-municipal collaboration.  Participants are also 
beginning to witness partnerships among diverse stakeholders creating successful community 
engagement and collaboratives.    
 
Regulatory drivers can often play a key role in building support.  Communities with CSOs may 
be faced with regulatory pressure from EPA; MS4s in the Chesapeake Bay may feel drivers from 
water quality mandates.  Smaller, unregulated communities may lack that driver.  Education to 
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create an interest and demand for green infrastructure may need to be emphasized in such 
communities. 
 
Regulations and insufficient guidance 
 
Education of both the public and elected officials on the 
importance of stormwater management was considered an 
importance step in improving local ordinances and support and 
understanding of stormwater management regulations. 
 
A major impediment to this education and the acceptance of 
green infrastructure approaches is data.  Several comments 
focused on the need for collecting data on best management 
practices to show whether they can be successful. 
 
It was also stated that resentment exists at the local level over 
regulations being forced upon local officials in a “top-down” 
approach.  Accordingly, need for more flexibility at the 
municipal level was identified.   
 
Inconsistency and lack of a comprehensive strategy between federal, state and local laws and 
ordinances was identified as a major problem.  Regulations need to work in concert in order to 
ensure long term success. 
 
Financing and overcoming perceptions that costs outweigh benefits 
 
The lack of long term foresight in considering costs and benefits and the challenge of how to 
finance green infrastructure projects were identified as major barriers.   
 
The group considered and identified several root causes of these barriers.  One was an 
acknowledgement that institutional change is slow; the traditional approach is one of grey 
infrastructure, and green infrastructure is just not something with which local municipalities 
and their consultants have great familiarity.  Specific information on costs and benefits is not 
readily available, so that also inhibits greater acceptance.  Many also see stormwater as an 
“unfunded mandate,” which creates resentment.  Many talk about public/private partnerships, 
but these are challenging to develop and maintain.   
 
A stormwater fee to fund authorities was an obvious solution that was discussed.  
Implementation of this solution has its own barriers, particularly within the target region.  
Maryland has successfully passed a requirement for local governments to implement 
stormwater fees, but gives the flexibility to individual jurisdictions to develop their own fee 
structure.  Until recently, Pennsylvania law was unclear as to whether local municipalities had 
the legal authority to even implement stormwater fees.  Even with clarification of this legal 
authority, implementation of stormwater authorities in Pennsylvania continues to be 
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challenging because of the Commonwealth’s 
municipal governance structure and a lack of 
strong county government.  Perhaps even more 
fundamental, increasing fees are politically 
unpopular, and are perceived as a “rain tax.”  To 
be successfully implemented, the benefits and 
services provided by a stormwater authority must 
be clearly explained. 
 
The organizational scale of authorities was also 

considered.  The watershed level would seem to make the most sense to address stormwater, 
but watersheds do not follow political boundaries and multi-municipal cooperation in 
Pennsylvania has a spotty record at best.  Such partnerships do occur in some areas, but others 
aren’t likely to cooperate without a mandate.  In addition, building and sustaining partnerships 
requires strong local leadership and capacity to build and manage such partnerships, and that is 
not always present. 
 
To overcome these many challenges, the group suggested that the use of case studies and 
demonstration projects to build support through education and outreach, and help showcase 
benefits of green infrastructure would be a great solution.  As demonstration sites are 
developed, communities and neighborhoods should be involved to create ownership, 
acceptance and support.  Different scales and various locations should be considered. 
 
Exploring nontraditional partners was also suggested.  These would include economic 
development groups, businesses, and commercial property owners.  These partners are critical 
to acceptance and use of green infrastructure and overcoming the perception that it is not a 
cost effective option.  Creating public/private partnerships also results in shared resources and 
can extend limited funding further. 
 
Addressing maintenance challenges 
 
A variety of challenges in ensuring adequate maintenance of 
green infrastructure practices were identified.  One is the 
lack of funding for maintenance.  Grants to fund installation 
of green infrastructure rarely include funding for 
maintenance, and local municipal budgets often are not able 
to set aside sufficient maintenance funds.  Uncertainty over 
which entity is responsible for maintenance is often also a 
challenge, particularly in projects implemented on private 
property.  Maintenance could be the responsibility of the municipality, a homeowners 
association, or an individual homeowner, depending on the situation.  Transfer of property 
ownership often results in new property owners being unaware of maintenance needs.  Finally, 
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small municipalities often face the greatest maintenance challenges, as they typically lack 
financial resources, staff, and sufficient training to conduct maintenance. 
 
Solutions to these challenges were discussed.  Stormwater fees to establish a maintenance fund 
could be one solution.  Enacting fees does face the political challenges discussed above, 
however.  The need for maintenance contracts at the time that green infrastructure is built was 
identified as being very important.  Contracts could include an initial period of training, where 
installers can train those contractually responsible for the maintenance.  The need to attach 
maintenance obligations to deeds was raised as a way to address concerns about new property 
owners being unaware of existing maintenance requirements.  One innovative idea was that 
designers of green infrastructure need to consider maintenance during the design process.  
Designers need to think about what designs will simplify maintenance, and which ones will 
produce the instant results homeowners want without significant maintenance requirements. 
 
Increasing green infrastructure design 
 
The lack of universal training on design, construction and maintenance of green infrastructure 
practices was identified as a key barrier to greater adoption of green infrastructure.  This lack of 
training spans several professional disciplines, including design, construction, engineering and 
maintenance.   

 
The need for a well-coordinated professional 
training program that involves a professional 
certification process was identified.  PLNA has 
developed a Sustainable Landscapes Certification 
program, and this could be the framework for this.  
Others mentioned as potential trainers are Penn 
State Extension, Center for Watershed Protection, 
and LandStudies.   
 
A key issue is creating sufficient demand for such 
training.  Businesses need to be convinced to use it 

as a marketing tool.  A list of certified companies and individuals should be developed and 
promoted by industry groups and agencies.  Furthermore, requiring certification to bid on 
projects could create demand.  Another incentive would be to offer CEUs as part of the training. 
 
The need for training to span multiple disciplines was also discussed.  Not only do designers and 
engineers need to be trained, but so do construction contractors, landscapers, and grounds 
maintenance professionals.  Many times grounds crews are against the practices being installed 
and continue to mow areas that need to be maintained as natural.  
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Conclusion 
 
This forum involved a diversity of stakeholders involved in stormwater management in the 
Lower Susquehanna region.  They identified a set of priority needs that must be met in order to 
see a greater adoption of green infrastructure within their communities.  These include 
increased education; improved communication across all sectors; funding; cooperation and 
collaboration; and a fundamental change of mindset. 
 
Among the solutions identified to meet these needs were: providing increased training; 
improving model ordinances; developing successful demonstration sites in all communities; 
cultivate local leadership; exploring uniform funding strategies; working at watershed level 
through multi-municipal cooperation; and developing a social marketing strategy to create a 
“new normal” related to public perception and acceptance of green infrastructure. 
 
This forum provided a successful venue in which to engage local stakeholders within the target 
region of the Center’s research, to share research goals and objectives, and to gather invaluable 
information about barriers and potential solutions to greater adoption of green infrastructure 
in the Lower Susquehanna.  Additional opportunities to engage stakeholders through 
conferences and workshops will be provided as the work of the Center progresses.  
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