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Rivermouths have, in a sense, slipped into a divide between researchers
and managers focused on the Great Lakes proper and researchers
focused on upstream watersheds. Similarly, coordination among orga-
nizations thatmanage rivermouths has also been limited,withmanage-
ment focused on geographic boundaries rather than on system-scale
consideration of lake–landscape interactions. Synthesizing an improved
understanding of rivermouths and identifying research needs andman-
agement challenges require expertise spanning ecosystem types and
scientific disciplines. The information presented here is the product of
a diverse group of scientists andmanagers brought together to: 1) high-
light the importance of these ecosystems, 2) integrate current scientific
understanding of their structure and function, 3) identify key research
needs, and 4) provide guidance towards their effective and sustainable
management. Improved understanding of rivermouth function and role
in the coastal mosaic should improve the success of current and future
efforts to restore and manage Great Lakes nearshore and tributary eco-
systems, particularly in the face of land-use change, transforming econ-
omies, and changing climate.

Rivermouths: Characteristics, services, and scientific understanding

What is a rivermouth?

Rivermouths are mixing zones that occur at the confluence of lotic
and lentic ecosystems, where predictable physical and chemical attri-
butes create spatial gradients and a mosaic of habitats, biotic assem-
blages, and related ecosystem services. Humans are embedded in
these ecosystems and exert influence on, and benefit from, their charac-
teristic properties. Three basic elements interact in every rivermouth:
1) riverine (lotic) inputs of energy (hydraulic and biochemical),
water, sediment, and other transported materials; 2) lake-derived in-
puts of energy, water, sediment, and other materials; and 3) a distinct

(and often dynamic) local set of physiographic conditions (in the
mixing zone) that reflect both the natural coastal geomorphic setting
and the sometimes extensive human alterations to this setting. The
unique biophysical structures and processes of each rivermouth are
driven by the specific characteristics of each combination of river,
lake, and local geography.

Rivermouths themselves can typically be divided longitudinally into
three, more or less distinct, zones (Fig. 2): the lower river valley and
floodplain, whose lateral extent, complexity, and degree of vertical inci-
sion depends on geological history; a semi-enclosed receiving basin or
hydrologic storage area (occasionally absent or consisting of only the
valley walls themselves); and the nearshore area influenced by the
plume of water and associated dissolved and suspended material
exiting this storage area. The lower river valley slope is typically low,
floodplains are frequently inundated, and backflushing due to strong
lake seiches has some influence on river flow and erosional patterns.
Backwater and backflushing influences of the Great Lakes may extend
long distances upstream, far from the actual lake itself (Bedford,
1992). The receiving basin or hydrologic storage area is where the
river channel gives way to a more lentic environment, and depositional
rates can be very high. Depending on the local geologic history, the re-
ceiving basin can be wide, shallow, and comprised mostly of wetlands,
deep and lake-like, or essentially absent, with the river channel
discharging directly into the adjacent Great Lake (Fig. 2). Finally, the ba-
thymetry,mouthmorphology, and nearshore circulation patterns all in-
fluence the temporal and spatial extent of the plume-influenced
nearshore area. The exiting plume can bewide or narrow, can represent
a sharp or diffuse boundary among water masses, and can be directed
out into the lake across increasing depth contours or along shore by
lake currents and nearshore thermal gradients (Rao and Schwab,
2007). Typically, the three different rivermouth zones are characterized
by different dominant hydrological processes: gravity-driven flow in

Fig. 1.Map showing the distribution of rivermouths in the Great Lakes and their associated human populations. This linkage enhances both the likelihood for anthropogenic impacts
on rivermouths and the likelihood that humans benefit from the ecosystem services rivermouths provide. For visual clarity, only the one hundred largest tributary watersheds
(shaded areas) and mouths (circles) are mapped. Most of the almost 3000 Great Lakes tributaries have much smaller watersheds, but the 100 largest cumulatively comprise
>75% of the overall basin area (inset cumulative distribution plot).

2 J.H. Larson et al. / Journal of Great Lakes Research xxx (2013) xxx–xxx

Please cite this article as: Larson, J.H., et al., Great Lakes rivermouth ecosystems: Scientific synthesis and management implications, J Great Lakes
Res (2013), http://dx.doi.org/10.1016/j.jglr.2013.06.002

This graphic from the paper ‘Great Lakes rivermouth 
ecosystems: Scientific synthesis and management 
implications’ by Larson et. al. captures the shared 
geographic conditions of the Great Lakes waterfront 
cities that are the focus of this NSF workshop.

Larson, J.H., et al., Great Lakes rivermouth ecosystems: 
Scientific synthesis andmanagement implications, J Great 
Lakes Res (2013)
http://dx.doi.org/10.1016/j.jglr.2013.06.002
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The goals of the Workshop were: 
1  To research needs and opportunities to 

advance the transformation of the waterfront 
cities of the Great Lakes Basin through the 
linkage of various sustainable urban water 
systems (SUWS),

2 To test the creative power of a multi-
disciplinary ‘community of research and 
practice’ to address the unique challenges of 
these cities. 

The Workshop explored the ongoing integration 
of sustainable urban water systems (SUWS) in 
the waterfront cities of the Great Lakes Basin. 
Water-related urban systems include water 
supply, wastewater and stormwater management, 
Lake connected district cooling and other 
decarbonization strategies, stream daylighting 
and near-shore aquatic habitat restoration and 
others. We sought leverage points to link multiple 
benefits of water quality, land and aquatic habitat 
restoration, shoreline recreation and social equity, 
food security, economic development and civic 
place-making.

Three recommendations represent a summary 
of many ideas offered in the presentations and 
breakout discussions. 

•	 INSTITUTE A GREAT LAKES BASIN SUWS  
RESEARCH AND PRACTICE NETWORK

The Workshop demonstrated the need and 
opportunity for a broadly representative 
‘community of practice’ Research Network that 
combines research and practice, aimed at advancing 

innovative SUWS that address the unique regional 
issues of the Great Lakes Basin. 

•	 UNDERTAKE A SUWS CASE STUDY   
INITIATIVE

The Workshop showed the utility of a case study 
library of best practices, as “a place to start,” to 
document lessons of the transformative work 
already being done. Workshop discussions identified 
critical roles of financing, permitting, demonstration, 
and community engagement in the design process. 
A pressing need is to strengthen clarity and science-
based evidence of environmental costs and benefits, 
including operational performance, ecosystems 
services accounting, carbon accounting, and public 
health. 

•	 INITIATE A SUWS VISIONING PROJECT

Whereas a Case Study Initiative would be “starting 
small,” sustainable planning needs a longer-term 
vision. A SUWS Visioning Project would build 
on the planning efforts currently undertaken by 
advisory councils, non-profits, individual states and 
municipalities. The Great Lakes Basin and especially 
its shoreline cities will experience dramatic growth 
over the next thirty years. A shared visioning 
process will develop a common set of guidelines 
for projects held to the standard of “sustainability,” 
that is, benefiting present and future generations. 
The SUWS Visioning Project would be a vehicle for 
the public conversations to address the challenges 
and opportunities of preserving the lives, livelihoods 
and communities of the precious global resource 
represented by the Great Lakes Basin. 

EXECUTIVE SUMMARY
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  CONCLUSIONS

Framing the Problem of Sustainable Urban Water 
Systems (SUWS)

The planet is rapidly urbanizing. The climate is 
rapidly changing. The infrastructure of our cities is 
overburdened and reaching the end of its useful 
life. The aspects of our urbanized existence that 
are carbon intensive, resource depleting, toxic, or 
otherwise contributing to ecological degradation 
and social inequity must be replaced with systems 
that are sustainable for people, economic prosperity 
and the health of the planet over the long haul. 

With this backdrop, our focus is on the unifying 
nature of water within the urban environment. 
Water is the quintessential closed loop, modeling 
the necessarily ecological attribute of all other 
future urban systems. It is essential for life, circular, 
and easily understood as such. The reinvention of 
our urban water systems leverages the reinvention 
of the city as a whole. 

The overarching goal of this NSF workshop has 
been to focus attention on the ways that diverse 
water related urban systems are coalescing into 
ever more integrated designs. The practice of using 
green infrastructure for stormwater management 
is merging with biodiversity concerns, the re-
naturalization of channelized urban rivers, and 
other specific initiatives towards a vision of 
restoring urban hydrology as a whole. Potable 
water distribution and wastewater treatment 
is being linked to this same goal, while being 
transformed from a carbon intensive activity to a 

source of carbon-neutral power for other urban 
uses. The changing climate dictates flood control 
and other resiliency strategies that guarantee 
that we are not simply rebuilding the natural 
environments displaced by cities but co-evolving 
new environments attuned to changing conditions. 
This is no truer than for the waterfront cities of the 
Great Lakes Basin, with their intimate relation to 
unparalleled freshwater resources. 

We would characterize the distinct but converging 
objectives of this water-centric integration as 
1.) The remediation of degraded environments 
and repair of degraded urban systems and 
social contracts. 2.) The ‘greening’ of the urban 
environment, reweaving ecological processes 
into new functional configurations to manage 
environmental throughputs in the city. 3.) The ‘re-
wilding’ of the urban environment, considering that 
green infrastructure as an armature for restoring 
biodiversity both locally and globally while providing 
urban residents beneficial contact with nature. 4.) 
The decarbonization of urban water systems, and of 
urban systems more generally through the vehicle 
of water. 5.) The hardening and adaptation of the 
city to changing environmental conditions. And 6.) 
the social, cultural, and economic development task 
of urban place-making. 

Our premise is that the best of sustainable urban 
water systems practice is characterized by the 
linking of these often siloed objectives. Our goal is 
to identify, develop, and champion the innovative 
practices that are the nuts and bolts of these 
linkages. Where these objectives appear to conflict, 
our goal is to advance the state of knowledge 
towards synthesis. 

The overarching goal of this NSF 
workshop has been to focus attention 
on the ways that diverse water related 
urban systems are coalescing into ever 
more integrated designs. 
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Positioning the workshop within the NSF 
Sustainable Urban Systems Framework

The workshop was premised on the model of 
‘knowledge co-production’ between industry, 
academia, government, practitioners and 
community. Much of the discussion centered 
around innovative practices that require validation 
and/or scaling. The focus on linked systems at the 
heart of the conversation is fundamentally about 
understanding the co-benefits and trade-offs of the 
many water related systems that are being woven 
together in the best examples of contemporary 
practice, and producing that knowledge in forms 
that help overcome the barriers that exist to wider 
dissemination of these more integrated designs. 

Knowledge co-production

While the movement towards integrated water-
centric city design is inexorable, every new linkage 
involves surmounting new obstacles. For us, the 
necessary focus is on work being done in the field, 
and how to best facilitate advances in practice 
through academic partnerships. 

The ‘Reimagining Water’ workshop included 52 
people; 23 academic researchers, 16 practitioners, 
7 government officials and 6 non-governmental 
agency representatives, hailing from 9 Great Lakes 
waterfront cities and beyond. 

•	 Academic disciplines- architecture, civil 
engineering, conservation and environmental 
sciences, English, freshwater sciences, 
landscape architecture, urban and regional 
planning, and urban studies. 

•	 Academic institutions- University of Wisconsin-
Milwaukee, the University of Wisconsin-
Madison, Wayne State University, University of 
Michigan, Marquette University, Cleveland State 
University, the Illinois Institute of Technology, 
the Rochester Institute of Technology, the 
University of Pennsylvania, Harvard University, 
and the City College of New York.

•	 Design and Engineering Practices- Applied 
Ecological Solutions, Aqua-Tex Scientific 
Consulting, Edgewater Resources, GZA Geo-
environmental, Meliora Design, Ramboll, Sigma 
Environmental, SmithGroup, SOM, Stormwater 
Services. 

•	 Governmental Agencies- City of Milwaukee, City 
of Racine, Great Lakes Commission, Milwaukee 
Metropolitan Sewerage District, University 
of Wisconsin Sea Grant, Waterfront Toronto, 
Wisconsin Department of Natural Resources. 

•	 NGO’s- Great Lakes and Saint Laurence Cities 
Initiative, Fund for Lake Michigan, Milwaukee 
Harbor District, Milwaukee Water Commons, 
Great Lakes Watersheds Opportunities. 

•	 This group arrived from waterfront cities 
including Milwaukee, Racine, Chicago, Benton 
Harbor, Detroit, Cleveland, Rochester, Buffalo 
and Toronto, as well as from Madison, Ann 
Arbor, Philadelphia, New Haven, New York, 
Boston and Victoria B.C. 

As part of the workshop recruiting process, a case 
study nomination form was distributed. These 
generated short descriptions of 21 completed 
projects- eight dealing specifically with the linking 
of green infrastructure and aquatic habitat and 
the remainder a wide assortment of SUWS work. 
Several of these were presented in full and the rest 
introduced to credit the submitters. 
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As requested by the workshop planners, most 
highlighted obstacles to innovation encountered 
in the process of design. This list includes a lack 
of necessary science, regulatory and jurisdictional 
challenges, financing and ongoing maintenance 
concerns, and the lack of time and funding for post-
completion analysis. The feedback from this aspect 
of the workshop was extremely positive, with the 
promise of additional nominations to come. 

Validating the Geographic Focus on the 
Great Lakes Basin

As made clear in the workshop, the Waterfront 
Cities of the Great Lakes Basin are a unique set of 
urban systems with shared water related issues, 
shared motivations for adaptive change and shared 
institutional structures to facilitate knowledge 
development and transfer.

•	 As documented in the workshop, the Great 
Lakes Basin represents the largest system of 
lakes on earth, containing 20% of the world’s 
freshwater. The basin contains over 33 million 
people, or ten% of the U.S. population and 30% 
of the Canadian population. The coastline is 
longer and more continuously urbanized than 
either the east or west coasts of North America. 
The broadly held assumption is that this unique 
resource will draw population back to these 
cities that have generally lost population over 
the last half century. 

•	 The waterfront cities of the Basin all share the 
same history of water-oriented industrialization. 
They share ports and harbors that are 
federally listed areas of concern, hard-walled 
waterfronts, brownfield lands in the process 
of being remediated and redeveloped, and 
aging water and sewer infrastructure, including 

combined sewer systems in their urban cores 
that periodically overflow into the Lakes. Their 
drinking water comes directly from those Lakes. 
And they return that same treated wastewater 
to the Lakes, which have residency times of 
up to two hundred years in the case of Lake 
Superior and one hundred years for Lake 
Michigan. 

•	 Most of these port cities occupy river mouths, 
and together these urbanized river mouths 
and their upstream watersheds represent a 
significant fraction of the total catchment area 
of the basin. The workshop clarified that the 
relevant system boundary for this envisioned 
research network focused on SUWS necessarily 
includes the individual river mouth city, its 
upstream watershed and its near-shore aquatic 
environment. 

•	 Compelling new findings presented by UWM 
fisheries ecologist John Janssen suggest that 
these heavily engineered ports and harbors, 
far from being habitat deserts, may be serving 
as an artificial oasis sustaining both native and 
non-native fish species as invasive zebra mussels 
have collapsed the food web of the Great Lakes 
Basin as a whole. 

•	 As presented by U. Michigan climate modeler 
Drew Gronewold, they share a coastline that 
is predicted to become only more volatile and 
unpredictable as the climate changes. This is 
a different, and in ways more difficult, design 
problem than faced by saltwater coastal cities.  

•	 Perhaps most importantly, these cities all share 
similar climactic conditions, cultures, and 
Basin-wide institutions, facilitating information 
sharing. Basin-wide groups represented and/
or discussed as potential Research Network 
partners included the Great Lakes Commission, 
the Great Lakes and St. Lawrence Cities 

 ...these heavily engineered ports and 
harbors, far from being habitat deserts, 
may be serving as an artificial oasis 
sustaining both native and non-native 
fish species...
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Initiative, Sea Grant and the Cooperative 
Institute for Great Lakes Research (CIGLR). The 
EPA’s Great Lakes Restoration Initiative (GLRI) 
creates an additional basin-wide impetus for 
information sharing. 

Validating the Research Question of ‘Linked’ 
Urban Water Systems

The workshop proposed to study ‘linked’ urban 
water systems- multiple systems relating to water 
that are integrated to produce synergistic effects, 
or single systems that elegantly address a range of 
objectives. ‘Linked’ systems also describes designs 
that seek to create closed and interconnected 
loops. Our use of the term is meant to capture the 
ecological frame of reference and the bio-mimetic 
impulse motivating contemporary SUWS design. 

•	 As demonstrated through the workshop, 
seeking out these linkages is a feature of 
cutting-edge professional practice in the 
design and engineering of water related 
urban environments. While the SUWS list was 
intentionally left open-ended, the workshop 
included or pointed to examples of innovation 
in potable water supply, wastewater and 
stormwater management infrastructure, 
wastewater mined for district heating, Lake 
connected district cooling, urban hydrological 
systems restoration projects such as stream 
daylighting and channel re-naturalization, and 
the integration of aquatic habitat into estuaries 
defined by their ports and harbors. 

•	 One workshop session focused attention on the 
land/water interface itself and the potentials 
of, and barriers to, linking green infrastructure 
and aquatic habitat restoration work. This focus 
revealed a large collection of potential case 
study cases that have dealt with issues that the 

City of Milwaukee is currently facing- pointing 
to the role that a SUWS Research Network could 
play in both facilitating individual projects and 
creating a larger ecological vision that might link 
disparate efforts together. 

•	 The scope claimed for a potential Research and 
Practice Network is larger than the initial focus 
on the land/water interface. One presentation 
in particular illustrated this broader scope 
in presenting a proposal for a decentralized 
‘Community Water and Energy Resource 
Center (CWERC)’ that incrementally replaces 
conventional wastewater treatment with a suite 
of technologies that process both wastewater 
and food waste, generate carbon neutral power 
and heat for district-scale application, restore 
urban hydrological systems, create public green 
space, and increase the climate resiliency of the 
city as a whole across multiple fronts.  

•	 Compelling societal reasons to build such a 
Research and Practice Network were also noted; 
from the imperative of rebuilding antiquated 
infrastructure, to combating climate change and 
creating climate resilience, to the critical role 
that these urbanized river mouths have in the 
ecological restoration of the larger Great Lakes 
ecosystem.

•	 Also confirmed though the workshop is the 
strong desire on the part of professionals to 
engage with the academic research community 
and to document, codify, and expand the 
horizon of this field of innovation. Chris Glaisek, 
Chief Planning and Design Officer for Waterfront 
Toronto, led the call for a case study repository 
built around common metrics that would 
provide climatologically comparable results. His 
message was in part that, even with the $1.25B 
Don River Flood Control Project, the most 
ecologically and urbanistically ambitious project 
presented, his ability to incorporate green 



10

infrastructure practices common in other parts 
of the Basin is severely limited by skepticism 
amongst the regulators involved. 

•	 Referenced throughout the workshop, the 
public health benefits of re-weaving ecological 
processes back into cities for our increasingly 
urbanized population to experience firsthand 
are significant. The social justice dimension 
of this goal was illustrated by Milwaukee 
Water Commons co-director Brenda Coley, 
who pointed out that urban tree cover can be 
correlated to both the health and wealth of city 
neighborhoods. Coley elsewhere pointed to 
research linking the relative disassociation of 
Milwaukee’s African-American population from 
Lake Michigan and a pattern of historical public 
swimming pool closures that has left many 
in that community unable to swim. Research 
referenced by speaker Steve Apfelbaum even 
points to a strong interrelationship between 
contact with healthy ecosystems and the 
species diversity of the human gut micro-biome.

  RECOMMENDATIONS

Making the case for a Case Study Project

The conference was built in part around the 
presentation of professional SUWS work around 
the basin. SmithGroup’s Emily McKinnon and Jason 
Strangland presented four significant completed 
projects. Waterfront Toronto’s Don River Flood 
Control Project is now being built after ten years 
of design work involving hundreds of consultants. 
Several other projects were presented ‘on the 
boards.’ Some of this work has or will have 
performance monitoring built into its requirements 

and needs only to be rationalized to a common set 
of metrics. Outside the basin, the work presented 
by Patrick Lucey has been studied through the lens 
of Ecosystem Services Valuation and extensively 
published, providing a road map for a similar 
evaluation of work within the Basin.

•	 Much discussion throughout the workshop 
revolved around the need for an accessible 
repository of case study information, including 
common metrics focusing on performance in 
the specific climatic context of these Great 
Lakes Basin cities. The unfamiliarity of local 
regulatory officials with emerging best practices 
was cited repeatedly as a significant roadblock 
that could easily be overcome by increased 
access to such a data base. 

•	 While a lack of funding for performance 
monitoring was identified as a significant barrier 
in some cases, monitoring for certain SUWS 
projects is already required as a condition of 
funding. The idea of a cross sectional case 
study project was also seen as a way to frame 
monitoring so as to make it fundable in cases 
where it has not been required. 

•	 Brenda Coley pointed out that broader 
questions of social justice and community 
involvement should also be documented in 
case studies of public projects receiving funding 
from the Great Lakes Restoration Initiative, for 
example, as community outreach is a reporting 
category for such grants. 

•	 Jason Strangland of SmithGroup went further to 
propose a process where identified innovations 
could be further refined and tested in other 
projects through a demonstration project fund. 
The goal would be to overcome the hurdle of 
risk, by lowering the cost of failure while also 
insuring that the results will be monitored 

The unfamiliarity of local regulatory 
officials with emerging best practices 
was cited repeatedly as a significant 
roadblock...
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and made available to the community of 
practice. Compelling candidates might consist 
of completely novel designs, or they might be 
single components, novel methods of analysis, 
financing, permitting, or management of much 
larger integrative systems.

Making the case for a Basin-Wide Visioning 
Process- The 100 Year Plan for Michigaming

Michigaming, we learned at the workshop, is the 
Anishinaabe word for the interconnected waters 
of the Great Lakes. The workshop identified the 
idea of a comparative scenario planning exercise 
for the waterfront cities of the basin as a means 
of reawakening this holistic view of the basin. This 
project would build on the Great Lakes Century 
Vision Plan, initiated by SOM’s Consulting Partner 
for Urban Design and Planning Philip Enquist, who 
joined the group Saturday. It would draw inspiration 
from ongoing coastal resiliency planning initiatives 
around the country as described by multiple 
participants. 

Grouping individual conclusions of the workshop 
into a coherent whole, this would begin as a multi-
disciplinary academic exercise and moves towards 
active engagement with city governments, local 
professionals, and the public as a whole in three 
successive rounds of activities:

1.    Analytical context mapping

Most of the issues surfaced in the workshop 
pose research questions that could be mapped 
across the Basin to reveal patterns of potentially 
synergistic interventions. The Third Coast Atlas, 
presented by Jeffrey Nesbit of the Harvard 

Graduate School of Design’s Institute for 
Urbanization, lays a strong foundation for this 
deeper and more narrowly SUWS focused Basin-
wide mapping exercise. Each city should have 
the aquatic habitat of their harbors mapped, 
as was done for Milwaukee’s Harbor and 
presented by John Janssen. Drew Gronewold’s 
presentation suggests that the threat of flooding 
varies dramatically between cities, meaning that 
the suite of appropriate mitigation strategies are 
necessarily divided into those designed to adapt 
to these pressures and those that are not. 

Steve Apfelbaum’s presentation and case 
study nominations point to the opportunity to 
consider the watershed upstream from these 
river-mouth cities for both flood control and 
watershed-wide carbon sequestration through 
wetland restoration projects. His work also 
make the linkage between a city’s solid waste 
disposal sites, the inevitable site restoration 
work, and the repair of local hydrologies. 

Other case studies suggest comparative 
mapping exercises of a range of opportunities 
and constraints, from the potentials of urban 
canals that have outlived their usefulness to the 
disposition of vacant land, to the association of 
poverty, racial distribution, and tree canopy in 
the Great Lakes basin cities.

2. Comparative SUWS scenario planning exercises

A first round of scenario planning might involve 
an expert-level survey of the legacy FOOD/ 
ENERGY/ WATER nexus infrastructure of each 
city, along with idealized scenario planning 
for various sustainable alternatives. Such a 
project might involve high level economic 
and other forms of analysis as well as physical 
planning. How, for example, would speaker 
Robert Zimmerman’s proposed QUERCs best 
organize themselves in the infrastructural and 
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hydrological landscapes of each of these cities? 
How might SmithGroup’s perched and irrigated 
wetland projects be replicated to create 
attractive migratory water-fowl habitat in each 
of the major cities of the Basin? How might 
Toronto’s newly constructed lake-connected 
district cooling system play out as a low-carbon 
development tool in the other waterfront cities 
of the Basin? Such scenario planning would 
study each of these questions in the abstract 
and then seek out the potential linkages 
between them.

3. Public scenario planning workshops

A third aspect of this visioning process would be 
to engage the public in the scenario planning. 
The goal would again be to both shape and 
build support for broadly adaptive change 
addressing a constellation of specifically 
identified needs and opportunities. The process 
described by Milwaukee Water Commons Co-
Director Barbara Coley to establish a ‘water-city 
agenda for Milwaukee’ offers one replicable 
model for creating structures for ongoing 
community engagement with SUWS planning. 
The work of the UWM School of Architecture 
and Urban Planning on community design and 
the redevelopment of Milwaukee’s Inner Harbor 
provides another. Speaker Margaret Noodin 
pointed out that even as there are forty-eight 
sovereign nations situated on the Great Lakes 
coastline, a large percentage of the indigenous 
population live in the major waterfront cities. 
Her vision of a multi-disciplinary network of 
tribal consortia, city, state and federal agencies, 
aimed at quantifying the concerns of the 
coastal tribes in an effort to improve resiliency 
planning, provides a third. 

As this scenario planning process creates 
the space to compare visions for moving 
towards the goal of urban sustainability, it 

simultaneously identifies potential projects 
in each of these cities that are candidates for 
benefiting from the case study initiative and 
putting those visions into action. The network 
building and on-the-ground research necessary 
to accomplish the one goal also advances the 
other. 

Specific Sustainable Urban Water Systems Linkages 
identified as Initial Design Research Topics

The workshop was organized in part around the 
specific technical linkage of green infrastructure to 
aquatic habitat creation. The problems to be solved 
are to ensure that the quality of the water being 
discharged to the aquatic habitat enhances rather 
than degrades that restored environment. Through 
the workshop, this question was clarified into two 
lines of inquiry.  

Linking GI and Aquatic Habitat through 
Enhanced Filtration

Green infrastructure is conceived of as a filter 
among other things. Best management practices 
describe treatment trains meant to provide multi-
tiered filtration to stormwater polluted by contact 
with the urban environment. The effectiveness 
of these measures is not obvious so long as the 
features do not involve permanent water bodies, 
but as soon as open water becomes part of the 
design, the quality of the input becomes critical. 

Typical of current practice, several projects 
presented treat engineered urban wetlands as 
stormwater filtration features, compromising their 
own ecological value in service of the health of 
the waters that they discharge into. The goal of 

The process described by Milwaukee 
Water Commons Co-Director Barbara 
Coley to establish a ‘water-city agenda 
for Milwaukee’ offers one replicable 
model for creating structures for 
ongoing community engagement with 
SUWS planning.
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innovation would be to advance the effectiveness 
of green infrastructure filtration strategies, such 
that functionally clean water inputs would be a 
condition of linking stormwater to permanent water 
bodies now freed to pursue other, more ecological 
goals. In other words, this research would facilitate 
the evolution of green infrastructure towards the 
more exacting goal of ecological restoration. 

Linking Disparate Urban Water Systems through 
the us of Pumps

While most green infrastructure and aquatic habitat 
work is conceived of as part of a restored natural 
hydrology, the workshop also identified cases in 
which the desired open water feature itself was 
disconnected from its source or receiving waters. 
The critical linkage was not gravity but the use of 
pumps. While considered routine in closed urban 
water systems, introducing pumps into open 
systems such as green infrastructure and aquatic 
habitat restoration projects opens potentials for a 
range of new linkages. It suggests a hybrid natural 
and mechanical approach to reintegrating water 
into the urban environment that furthers the goal 
of differentiating functions and supporting a more 
active, and ecologically mimetic, management of 
urban water. 

The use of pump power also opens the door to 
linkages between closed and open water systems. 
Reclaimed wastewater, district cooling water, 
and returning industrial process water are all 
sources of Lake water coursing through these 
cities that could potentially be put to ecological 
use. This form of linkage raises questions of 
energy consumption, long-term sustainability and 

programmatic coherence that a fully integrated 
theory of sustainable urban water systems will 
necessarily address. Several cases presented begin 
this discussion.  

Other Discipline Specific Research Agendas for 
Basin-Wide Adoption of SUWS

The workshop also identified a series of compelling 
research projects that the proposed Research and 
Practice Network could sponsor and disseminate.  
For example: 

•	 Ecological restoration guidelines for Great Lakes 
waterfront cities

Between the scientists and practitioners 
presenting, the workshop featured a strong 
undercurrent of new thinking on the 
science and philosophy of urban ecosystems 
reconstruction. The common thread was the 
push towards a more ecologically informed, 
comprehensive and yet adaptive view of 
urban habitat creation. There was a strong 
sub-textual dialog between several of the 
presentations; John Janssen’s aquatic habitat 
research noting the unexpected habitat value 
of Milwaukee’s man-made breakwaters in a 
Lake otherwise in crisis, and Steve Apfelbaum’s 
identification of the topic of ‘novel ecologies’ as 
a potentially problematic intellectual foundation 
for restoration work. Patrick Lucey, the third 
ecologist in the room, offered a conceptual 
framework based on restoring ‘proper 
ecological functioning condition’ as he has 
applied it in the Pacific Northwest. An additional 
impetus was the Milwaukee Metropolitan 
Sewerage District’s creation of a guide to “Using 
Green Infrastructure to Enhance Urban Bio-

Between the scientists and practitioners 
presenting, the workshop featured a 
strong undercurrent of new thinking on 
the science and philosophy of urban 
ecosystems reconstruction.
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Diversity in the MMSD Planning Area,” and the 
questions that it raises when considered as a 
basin-wide best practice. 

•	 Economic and financial analysis of sustainable 
urban water systems

As a desired attribute of both the case study 
project and the visioning project, the need was 
identified by multiple speakers for ecosystems 
services analysis that might provide economic 
justification for SUWS. Similarly, David Rankin’s 
lunch presentation singled out the importance 
of understanding financing as an attribute 
of SUWS and not an impediment to the 
development of innovative projects. Both of 
these topics challenge us to expand any future 
Research Network to include these areas of 
expertise. 

•	 The case for adaptive management as public 
policy

Several workshop participants argued the 
case for a more risk-tolerant and evolutionary 
approach to regulating and delivering large 
SUWS projects. From this perspective, the 
time scales of SUWS projects involving public 
infrastructure are so long, the costs so high, and 
the budgeting process so siloed, that innovation 
becomes impossible.  The alternative proposed 
for study would shift the managerial philosophy 
towards budgeting for risk-taking and allowing 
the design to evolve and adapt as the project 
unfolds from one phase to the next. 

•	 Validating the public-health case for re-wilding 
the urban environment

Several participants highlighted the importance 
of the public health case for reintegrating 
natural systems into urban environments. 

For City of Racine Public Health Department 
Laboratory Director Julie Kinselman, improving 
the health of the citizenry is the universal 
language for communicating the value of many 
types of SUWS. As discussed by Brenda Coley, 
issues of environmental and social justice are 
most acute when disparities are tied to human 
health outcomes. As discussed by Margaret 
Noodin, preliminary research of indigenous 
Great Lakes coastline resident preferences 
shows the most preferred reason for ecological 
restoration is to promote human health, 
followed by protection of native species.

•	 Policy and regulatory compliance tools 
development

As highlighted by Michele Adams in Saturday’s 
concluding discussion, going beyond showcasing 
best practices to updating the tools of standard 
engineering practice through feedback from 
basin-specific work would be a very concrete 
and productive outcome of the case study 
project.  

•	 Systems thinking education

Finally, a broad lack of systems thinking was 
identified as a pervasive social and institutional  
barrier to advancement in sustainable 
watershed development. The focus on water 
was seen by many of the participants as an 
ideal vehicle for teaching systems awareness, 
as the basics of the water cycle are familiar 
and comprehensible. The integration of a clear 
approach to communicating the sustainable 
systems logic is seen as a condition of every 
initiative proposed.

Finally, a broad lack of systems 
thinking was identified as a pervasive 
social and institutional barrier to 
advancement in sustainable watershed 
development.
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Presentations Summary
James Wasley, P.I.

The workshop was structured around four sessions: 

I.  An introduction providing framing perspectives 
on the Great Lakes as a system as relating to 
waterfront urban systems design, and on the 
process of moving innovation in those systems 
from concept to accepted practice; 

II.  A series of case studies of sustainable urban 
systems projects focusing on the land/water 
interface and the linkage of ecologically 
managed stormwater with aquatic habitat 
restoration; 

III.  A broader range of sustainable urban water 
systems case studies on the general theme of 
integrative design; and 

IV.  A session expanding the focus yet again to 
consider other social and cultural linkages 
necessary for the construction of the proposed 
‘community of research and practice.’ 

The second and third sessions, Friday morning and 
afternoon, were followed by break-out sessions 
seeking to identify barriers to and opportunities for 
innovation, while the final Saturday morning session 
was followed by an all room discussion on next 
steps. 

As they inform a discussion about advancing 
the state of the art of urban systems design, the 
presentations can be grouped into three categories; 
those that deepen our understanding of the physical 
context, those that deepen our understanding of 
the economic, social and cultural contexts; and 
those that present case studies of projects that seek 
to concretize advances in integrative sustainable 
urban systems design through built works.  

THURSDAY EVENING
I. Defining the Context

1. James Wasley, Department of Architecture, 
University of Wisconsin-Milwaukee
Workshop Goals

P.I. Wasley’s opening talk lays out the challenge of 
the workshop, highlighting the physical situations 
and histories that bind this group of cities together, 
and drawing boundaries around the systems under 
consideration. 

‘Linked sustainable urban water systems’ are 
tentatively defined as urban systems, synergistically 
integrated through the fluid medium of water. The 
challenge identified is to explore the potentials of 
innovative linkages between specific objectives, 
and more specifically to surface the barriers to 
innovation and to imagine strategies of overcoming 
them. 

2. John Janssen, School of Freshwater Sciences, Uni-
versity of Wisconsin-Milwaukee
Aquatic Habitat at the Urban River Mouth

Janssen’s talk introduces ongoing research 
mapping aquatic habitat in the harbors of Lake 
Michigan. Using the paper Great Lakes Rivermouth 
Ecosystems: scientific synthesis and management 
implications as a straw man, while applauding and 
expanding the argument that these rivermouth 
ecosystems are both ecologically valuable and 
understudied. 

Janssen’s research shows that the man-made cave 
environments created by the break walls support 
an unexpected abundance of fish, both native and 
invasive. Janssen puts this abundance of biological 
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activity in relation to the collapse of the food web 
in the larger Great Lakes system, suggesting that 
urban rivermouth harbors are now the isolated 
islands of biological activity within the system. 

3. Drew Gronewold, School for Environment and 
Sustainability, University of Michigan

Connections Between Water Level Variability and 
Urban Water Systems Planning: foundational 
information for linking habitat and infrastructure 
objectives

Gronewold’s presentation frames the uniqueness 
of the design challenge for Great Lakes cities by of-
fering an overview of current understanding of Lake 
level modeling. Most importantly, changes in Lake 
levels due to the changing climate are much more 
unpredictable than on the East or West coasts. 
These uncertainties are shown to pose a major 
challenge for Great Lakes coastal infrastructure 
planning. 

4. Don Watson, FAIA, Emeritus, Workshop 
Facilitator
Innovation in Sustainable Urban Systems

Watson served as the expert facilitator for this 
workshop, steering the group towards actionable 
outcomes. Through his experience working with the 
Department of Energy, FEMA and others, Watson 
offers a framework for promoting innovation at the 
scale of urban systems.

5. Michele Adams, Meliora Design
Innovation in Sustainable Urban Systems II

FRIDAY MORNING
II. Working at the Water’s Edge: 
Linking Green Infrastructure and 
Aquatic Habitat

6. Emily McKinnon and Jason Strangland, 
SmithGroup
Ecology of Urban Waterfronts: Case Studies and 
Emergent Trends

McKinnon and Strangland offer three multi-faceted 
case studies dealing with the urban land/water 
interface: Milliken State Park in downtown Detroit, 
the Euclid Marina project in Euclid Ohio, and 
Middlegrounds Metro park near downtown Toledo 
(see also CASE STUDY PROJECTS).

7. Sean Burkholder, Weitzman School of Design, 
University of Pennsylvania
Linking Dredging and Habitat Creation in the Great 
Lakes Basin

Working with methods of ‘passive sediments 
management,’ Burkholder seeks to test strategies 
for transforming sediment management associated 
with port operations into socially and ecologically 
beneficial practices. In the four case studies 
described, Burkholder paints a unique picture of 
academic design research being undertaken in the 
guise of design consultancy, seeking to implement 
grant-funded innovation. 

8. Chris Glaisek, Waterfront Toronto
Port Lands Flood Protection

Glaisek presents the Port Lands Flood Protection 
project- a 20 year/ $1.25 Billion re-naturalization 
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of the channelized mouth of the Don River on 
Toronto’s post-industrial waterfront. This public 
infrastructure project has three goals; flood 
protecting the entire 715 acre river-mouth flood 
plain, naturalizing the river through the construction 
of 74 acres of functional wetlands and 63 acres of 
new public parks, and leveraging this new landscape 
to catalyze urban redevelopment on the remaining 
578 acres. 

9. James Wasley
Linking GI and Aquatic Habitat: an Illustrative 
Problem Statement

Concluding the morning’s presentations focusing 
on urban waterfronts, Wasley introduced the 
results of the Reimagining Water Case Study 
Nomination process. He then introduced a series 
of five projects around Milwaukee’s Inner Harbor 
that illustrate the complexities of linking terrestrial 
green infrastructure projects with aquatic habit 
restoration projects as a prompt for the morning 
break-out discussion. 

FRIDAY LUNCH SPEAKER

10. David Rankin, Great Lakes Protection Fund
The Critical Role of Finance in Reimagining Urban 
Water Systems

Rankin makes the argument that ‘financial 
engineering is every bit as important as the “real” 
engineering,’ and that financial experts need to be 
included in our proposed community of research 
and practice. 

FRIDAY AFTERNOON
The Expanded Field: Sustainable 
Urban Systems Integration 
Through the Medium of Water

11. Patrick Lucey, Aqua-Tex Scientific Consulting
Proper Ecological Functioning Condition

Lucey presents the current environmental crisis 
as a challenge of integrative design. The question 
that he ultimately poses is whether ecosystem 
services can be valued in a free market economy. 
Lucey then discusses several projects, from small to 
extremely large and both private and public, that do 
show great economic value in their biomimetic and 
ecologically beneficial designs. 

12. Jeffrey Nesbit, Office for Urbanization, Harvard 
Graduate School of Design
The Third Coast Atlas: Four Great Lakes Cities

Presenting in place of Charles Waldheim, of the 
Office for Urbanization at the Harvard Graduate 
School of Design, Nesbit presented on the book 
“The Third Coast Atlas: A Prelude to a Plan,” by 
Daniel Ibanez, Clare Lyster, Charles Waldheim, and 
Mason White. This talk presents a design-focused 
counterpoint to the scientific context presented 
Thursday evening, using elegantly produced maps 
and graphics to create a contextual understanding 
of the Great Lakes Basin as a unified geography of 
global significance. 

13. Steve Apfelbaum, Applied Ecological Services 
Points of Friction: Where Science, Markets and 
Regulations Don’t Align
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Apfelbaum outlines the gaps, in his view, between 
what science suggests about the necessary direction 
of ecologically restorative work, and what the 
marketplace and regulatory environments currently 
allow and expect. Apfelbaum identifies nine ‘points 
of friction’ suggesting the need for multi-disciplinary 
research, policy work and public education. 
Together, they also suggest an agenda for integrative 
sustainable urban water systems design. 

14. Robert Zimmerman, Zimmerman 
Environmental LLC
Restoring Nature from the Groundwater Up

Zimmerman makes the case for the replacement 
of conventional centralized wastewater treatment 
systems with decentralized resource recovery 
centers or Community Water and Energy Resource 
Centers (CWERCs). Answering David Rankin’s call, 
the key to Zimmerman’s argument is that these 
facilities are hypothesized to generate profits 
adequate to make abandoning centralized systems 
financially attractive. 

Zimmerman lays out the multiple arguments 
that point towards the necessity for a wholesale 
dismantling of conventional centralized urban 
wastewater treatment and its replacement with a 
more decentralized model based on a closed-loop 
ecological model. This argument is also referenced 
in Patrick Lucey’s talk, and similar work is underway 
in Vancouver. 

SATURDAY MORNING
IV. Building the Network

15. Brenda Coley, Milwaukee Water Commons
Shared Stewardship, Shared Benefits

Coley’s talk makes the case for the engagement 
of disadvantaged communities in the issues of 
sustainable urban water systems and offered 
illustrations of how that community engagement is 
taking place in Milwaukee, WI. 

16. Margaret Noodin, Electa Quinney Institute for 
American Indian Education, University of Wisconsin- 
Milwaukee
North American Great Lakes Indigenous Research 
Possibilities

Noodin discusses the complexities of working with 
native peoples to research water related issues, 
stressing the need to take these interconnected 
cultures into account. She offers an opening into 
collaboration with indigenous researchers on water 
along two lines- in the world view that sees water as 
‘an agent, something animate and engaged with us,’ 
and in the historical knowledge embedded in the 
communities’ cultural stories. 

17. Carol Miller- Facilitator, Center for Healthy 
Urban Waters, Wayne State University
Closing Discussion: Building a Sustainable Urban 
Water Systems Research Network

The plenary discussion at the end of the Workshop 
summarized the predominant recommendations 
and is presented here in full. 
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1. Jim Wasley
School of Architecture and 
Urban Planning, University of Wisconsin-Milwaukee

Workshop Goals

Reimagining water, the mission statement: 

To create a shared vision and agenda for 
collaborative research and action to sustain the life 
and livelihoods of Great Lakes waterfront cities and 
waters.

And the goal: 

To identify the most pressing needs and the most 
compelling opportunities relating to sustainable 
water systems in the Great Lake waterfront 
cities, their watersheds, and their near shore 
environments. And to craft an interdisciplinary 
network for the future integrative work that 
advances the sustainability of these linkages. 

Our goal is to answer these questions. More 
importantly, our goal is to test the usefulness of 
this interdiciplinary network that you here tonight 
are the seeds of. We are the community practice. 
Many of you are here because someone else in this 
room recommended that I reach out to you. And 
my first goal is that we will continue to expand, to 
include experts all around the basin, and in all of 
your various disciplines, so that we can share and 
integrate knowledge across the basin. 

MISSION

To create a shared vision and agenda 
for collaborative research and action
to sustain the life and livelihoods of 
Great Lakes waterfront cities and waters

Reimaging Water

GOALS

Identify the most pressing needs and 
compelling opportunities relating to 
sustainable urban water systems in Great 
Lakes waterfront cities, their watersheds 
and their near shore environments; 

and craft an interdisciplinary network for 
future integrative work that advances the 
sustainability of these linkages.

Reimaging Water

I look at Milwaukee from above, and 
see it like some sort of calciferous 
growth that’s desiccated the natural 
waterfront, which was square miles of 
marshland before European settlement. 
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are represented here tonight: Milwaukee, Madison, 
Racine, Chicago, Detroit, Benton Harbor, Ann Arbor, 
Cleveland, Buffalo, Rochester, Toronto. 

We’ve also got experts from out of the basin: 
Philadelphia- Michele Adams who will speak later, 
and who, along with Don Watson from New Haven 
has written extensively on the design of cities for 
resiliency in the face of flooding. New York City- 
Hillary Brown is here- the author of Next Generation 
Infrastructure: Principles for post-industrial public 
works (Island Press, 2014).  Boston- Harvard GSD- 
Jeffrey Nesbit, representing Charles Waldheim and 
the Third Coast Atlas that we’ll talk about later. 
Victoria, British Columbia- Patrick Lucy, who will 
present tomorrow. 

Cities represented, academic institutions 
represented, government agencies represented. For 
some reason, the non-profit people can all come to 
these things. The government people all cancelled at 
the last minute due to funding and workload issues. 
And the professionals all were too busy! I want 
there to be more professionals in this room but 
I’m very glad that SOM is here as well as GZA and 
Ramboll. Excellent. Heidi Anderson from Edgewater 
Resources is here. And Applied Ecological Services, 
Steve Applebaum will be speaking tomorrow. 

This is already a diverse group. We aim to build 
this network out much bigger. Why? Very briefly, 
this is a paper that several of you in the room, I 
think, were involved with that identified the fact 
that waterfronts, harbors, Great Lakes river mouth 
ecosystems are an understudied and a very specific 
problem in the Great Lakes Basin. 

Cities

Milwaukee
Madison

Racine
Chicago

Detroit
Benton 
Harbor

Ann Arbor
Cleveland

Buffalo
Rochester

Toronto

Philadelphia
New Haven

New York City
Boston

Victoria B.C.

Academic 
Institutions

UW Milwaukee
Wayne State U.

Marquette U.
UW Madison

U Michigan
Cleveland Sate

IIT
RIT

U. Penn
Harvard U.

CUNY

Gov. 
Agencies

NSF
USGS

US Army Corps
UW Sea Grant

Wisconsin DNR
Wisconsin 

Coastal Mgmt. 
Program

MMSD
City of Milwaukee
Port of Milwaukee

City of Racine
Waterfront 

Toronto

NGOs / 
Professionals

Great Lakes 
Commission

Great Lakes and Saint 
Laurence Cities Initiative

Fund for Lake M.
Harbor District

MiKE Water Commons
Great Lakes Watershed 

Opportunities

SmithGroup
GZA Geoenvironmental

Ramboll
SOM

Sigma Group
Stormwater Solutions

Edgewater Resources
Applied Ecological 

Services

A broad based 
workshop…

Larson, J.H., et al., Great Lakes rivermouth ecosystems: Scientific synthesis and management implications, 
J Great Lakes Res (2013), http://dx.doi.org/10.1016/j.jglr.2013.06.002

A broad based 
workshop…

An identified research need…
Larson, J.H., et al., Great Lakes rivermouth ecosystems: Scientific synthesis and management implications, 
J Great Lakes Res (2013), http://dx.doi.org/10.1016/j.jglr.2013.06.002

A broad based 
workshop…

An identified research need…
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So, it’s an identified problem with an unmistakable 
impact, from my point of view as an architect 
urban designer focussed on questions of ecology. 

I look at Milwaukee from above, and see it like 
some sort of calciferous growth that’s desiccated 
the natural waterfront, which was square miles 
of marshland before European settlement. But 
Milwaukee is the rule and not the exception. 

This is an intimately related set of postindustrial 
waterfront cities that we’re trying to focus on. 
I want to lay out what I think the vision of this 
group’s boundaries are:

•	 That we’re focusing on waterfront 
cities around the Great Lakes Basin, 
post industrial waterfronts with shared 
historical development patterns and 
legacies. 

•	 They all have listed Areas Of Concern. 
•	 They all have hard wall, brownfield 

waterfront, postindustrial landscapes that 
are candidates for redevelopment. 

•	 They all have aging infrastructure. 

We can’t talk about the sustainability of urban 
water systems in these cities without talking about 
their watersheds. And we can’t talk about the 
land/water interface without talking about the 
near-shore aquatic environment. The framework 
that I would propose here is that we focus on 
these waterfront cities and their specifically urban 
issues, always mindful of their watersheds, and 
always mindful of their near shore environments. 

The three together comprise the boundaries of 
the urban hydrological system as I would define it. 
All of these waterfront cities are located at river 
mouths. Many of the rivers that drain into the 
Great Lakes flow through cities. And all of those 
river-mouth near shore environments are shaped 
by those cities. 

An intimately related set of post-industrial waterfront cities with 
an shared legacy of AOC’s, hard walled brownfield waterfronts, 

and  aging infrastructure. 

Toronto
Chicago

Detroit
Milwaukee

Toronto
Cleveland Toledo Buffalo

= A Focus on 
the Urban 
Condition

always in the context of it’s 

wateshed
and

near shore 
waters

An unmistakable impact…
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at the mouths of the rivers? What does it mean to 
the health of the waters at cities’ edge? 

We may be organizing around ‘sustainable urban 
water systems’ writ large, but for this specific 
workshop at least, I would also like us to focus 
on these industrial waterfronts themselves. This 
references the work that you’ll see out in the 
hallways: The results of a three-year project at 
the School of Architecture and Urban Planning 
at UWM, envisioning at the redevelopment of 
Milwaukee’s inner harbor. All leading towards the 
creation of Harbor District Incorporated, a group 
that’s leading the redevelopment of these post-
industrial port lands that we are sitting in the 
middle of. And I would bet that this same process 
is happening, or will happen soon, in cities around 
the Basin. 

How do we shape that necessary economic 
redevelopment process to get the highest and best 
ecological value?  This is the issue at the heart of 
my own work, and of this workshop. But I do want 
to say the long-term focus of this group should be 
on the city and the urban sustainability issues of 
water as a whole.

There are two ideas I want to introduce. The first 
is the idea of ‘linkages’- the word that I’ve had the 
hardest time explaining to people. Think synergistic 
‘integration through the fluid medium of water.’ 

Starting with the 
question of 

post-industrial 
waterfront 

redevelopment

Milwaukee 
Inner Harbor 

Project

‘Linkages’

All of these waterfront cities are located 
at river mouths. Many of the rivers that 
drain into the Great Lakes flow through 
cities. And all of those river-mouth near 
shore environments are shaped by those 
cities. 



24

Here is an example of my favorite linkage project. 
This is Dockside Green in Victoria, BC. Patrick Lucey 
was the ecologist for this. This was the first LEED 
Platinum Neighborhood Development. 

This is a fabulous example of a novel linkage. 
This is a water feature that is the outflow from a 
sewage treatment plant that is built on top of a 
capped landfill so that this entire project takes the 
worst aspects of this industrial site and turns it 
into a restored ecological system, strong enough 
aesthetically to make the basement apartments the 
most valuable real estate in the project. 

This linkage of treated wastewater and aquatic 
habitat creation is a real economic driver. Strong 
enough ecologically to tempt wildlife from the 
harbor to find its way into the water feature and to 
feed the ducks that are hatching there. That’s an 
otter if you can’t tell… he or she has snuck in across 
the road below and is having a good time. 

That’s an idea of linkages. The unimaginable variety 
of loops and circuits that water so easily makes 
in the environment. The story I like about this 
example the most is one of the most minor. The 
first time they washed out the underground parking 
structure, they found they were contaminating the 
water feature. They had to change their washing 
protocols to reflect the fact that like the roadways, 
the drains in the underground parking were part of 
a linked system. That’s a loop that has feedback that 
people learn from. That’s a loop that changes the 
way that you live. 

Dockside Green, 
Victoria B.C.
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Secondly, I want to call attention here to the 
barriers that prevent such creative linkages from 
transforming our waterfront cities for the better; 
whether these barriers are the lack of scientific 
knowledge on the best paths forward, or the lack 
technical solutions, or social awareness, or political 
will, or financial wherewithal... 

My own work, which we’ll talk a little bit about 
tomorrow, involves both the campus and the 
School of Freshwater Sciences. The point I want to 
make here is that between these two campuses, 
two miles apart from each other on the same urban 
waterfront, there are lots of subtle distinctions 
when you talk about green infrastructure design. 

The north half of the main campus is about 
localized flooding. The determinative design criteria 
is discharge rate control. The south half of the 

Local Flooding =       
RATE

CSS = 
QUANTITY

Drains directly to Lake = 
QUALITY

UWM 
CAMPUS

UWM 
SCHOOL OF 

FRESHWATER 
SCIENCES

campus does not contribute to the local flooding, 
but it does still contribute to the combined sewer 
system. The determinative design criteria is quantity 
control. 

At the School of Freshwater Sciences, everything 
towards the Lake is purely draining to the Lake. 
Water quality is the determinative issue. It doesn’t 
have anything to do with retaining water… just 
cleaning it before it goes. On the other side of the 
tracks, it’s part of a combined sewer system again. 

If you design things, you know this. There are a 
lot of subtleties involved. The other reality that 
we are constantly confronting in design is that 
the administrative, regulatory, political and other 
systems within which we are designing don’t 
acknowledge that subtlety. That disconnection is 
what we are here to explore. 
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Sandburg Green Roof

Freshwater Plaza Stormwater Demonstration Fountain

This is a project on campus. It has a typical green 
roof of European sedum down below, and an 
experimental green roof on the top that is planted 
with native Wisconsin dry prairie plants. If we could 
find funding to study it, we would have actually 
proven that the prairie has been viable; that it 
produces better habitat; and that this design links 
stormwater management to habitat creation in a 
still somewhat novel way. 

Like the green roof, the fountain that those of you 
on the tour saw also captures stormwater. Same 
square footage of roof, same cost, four times as 
much stormwater captured. When it’s raining, it 
dramatizes the rain in a way that even the green 
roof doesn’t. 

It’s goal is to manage the stormwater actively, but 
without the use of chemicals or excessive electrical 
demands- to be as close to carbon neutral in 
operation as possible. 

But it has technical challenges: How do we get this 
water up to a swimmable quality that can overcome 
both health and aesthetic concerns and be widely 
marketable? 

Right now, it’s a European natural swimming pool. 
It’s a public amenity on private property here, but 
it’s not permitable as a public water feature in most 
municipalities in the United States. Aesthetically, 
the conventional wisdom would be that any sign of 
algae would be considered unsightly or worse. 
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the benificial ecology taking place in this system 
without creating a public health hazard? As an 
engineering question,  can we manage the algae 
growth in the water in new and more ecologically 
benign ways? As a design question, can we make 
it compelling in a way that changes people’s 
preconceptions about the aesthetics of public water 
features? 

Here, Doug Winkie of SolarWaterworks installs 
his innovative Solar Photocatylitic technology in a 
previously untested open configuration, utilizing the 
existing flow of the fountain to circulate the water 
over oxidization plates powered by the PV panels 
you see above the water. 

This fountain and a companion fountain proposed 
for the west entry to this building we are in sit 
on two sides of the railroad track that divides the 
combined sewer from the open waters. That’s a 
jurisdictional boundary that says the Milwaukee 
Metropolitan Sewerage District that funded this 
master plan can’t fund the project because water 
draining straight to the Lake is not their concern. 

Another legal boundary, codified by EPA maps, says 
the harbor is considered part of the Milwaukee 
River. The EPA funded one iteration of this design 
for the companion fountain. Then they changed the 
rules to say you need a nine-element plan. Well, the 
Milwaukee River is the clean river… It doesn’t have 
a nine-element plan. The KK River had a potentially 
acceptable plan, but its area of study stopped short 
of the harbor, due to the ambiguity over who’s 
responsibility it should be. As a result, the project 
was ruled ineligible for funding. 
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The next year, they made an exception. We were 
ruled eligible. Our intent was to drain roof water 
into a garden that would have been lined, with the 
water passing through the system draining straight 
to the Lake, given that the ground is contaminated 
and the harbor is merely feet away. 

Remember- all we need to do is clean the water. 
Water quality is the only real issue here. But the 
EPA’s criteria for stormwater management staited, 
for that year’s funding at least, that only infiltration 
is considered performative. A score of ‘zero’ on 
performance doomed the demonstration project 
once again. 

In this final case, we see one final mismatch 
between a general standard and the fact that these 
specific conditions on the waterfront are always 
presenting exceptions to the general rule. 

My hypothesis is that designers experience 
mismatches between the generalities of 
jurisdictional, regulatory, and funding structures, 
and the specifics of working in the inner city on the 
waterfront, all the time. 

One of my ambitions for this workshop is that we 
begin to strategize on breaking those barriers down. 
So, again, back to our goals: 

To identify the most pressing needs, compiling 
opportunities, relating to sustainable urban water 
systems in the Great Lakes waterfront cities, their 
watersheds, and their near shore environments, 
and craft an interdisciplinary network for future 
integrative work that advances sustainability in 
these linkages. 

Thank you, and welcome to ‘Reimagining Water.’

If you design things, you know this. 
There are a lot of subtleties involved. 
The other reality that we are constantly 
confronting in design is that the 
administrative, regulatory, political 
and other systems within which we 
are designing don’t acknowledge that 
subtlety. 
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The Undiscovered Frontier at 
the Mouth of the Harbor
John Janssen, Brennan Dow, Erik Geisthardt, Jeff 
Houghton (University of Wisconsin-Milwaukee), 
and Burton Suedel (U.S. Army Corps of Engineers, 
Vicksburg, LA)

We argue that, when rehabilitating Great Lakes 
rivermouths/estuaries, one must adequately 
evaluate the existing ecosystem because there may 
be conflicts between goals based on pre-settlement 
conditions and an ecosystem that emerged during 
settlement (Figures 1 and 2). The following narrative 
paragraph makes many of our key points.

On the evening of the workshop dinner, the lead 
author gave a tour of the University of Wisconsin-
Milwaukee’s Great Lakes Research Facility (GLRF) 
grounds to Michelle Adams and Steve Apfelbaum, 
stopping to look at two retention ponds acting 
as a nursery for American toad tadpoles.  These 
tadpoles successfully transformed into tiny toads 
a few weeks later.  We then went to the boat 
slip which is the home port for the University of 
Wisconsin-Milwaukee’s ship (R/V Neeskay) as well 
as the Environmental Protection Agency’s R/V Lake 
Guardian.  The slip has sheet piling along its north 
and south sides and a sloping gravel beach at the 
west end.  Further west are railroad tracks, so this 
is a very urban/industrial waterfront.  We checked 
a minnow trap that had been deployed to collect 
fishes for a live fish display for a group having a 
park opening ceremony.  The trap collected juvenile 
largemouth bass for display; these had been seen 
around a floating dock along with bluegill sunfish.  
We three sat on a bench discussing the meeting 
when a juvenile black-crowned night heron landed 
on a crossbar on the sheet piling to begin its 

Figure 1.  Maps of the (left) original Milwaukee Harbor, 
a wetland estuary with one main tributary (Milwaukee 
River) and two smaller tributaries.  (Right) current estuary 
with mapped area highlighted.  See Fig. 2 for labeling.

 

 

Figure 1.  Maps of the (left) original Milwaukee Harbor, a wetland estuary with one main tributary 
(Milwaukee River) and two smaller tributaries.  (Right) current estuary with mapped area highlighted.  
See Fig. 2 for labeling. 

 

Figure 2.  Public map for Milwaukee Harbor treating the 
harbor as an ecosystem.  Artist: Kim Beckmann, consul-
tants, Eric Leaf and Liz Sutton.
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evening foraging.  Its intended prey was likely the 
bluegills and juvenile largemouth bass.

This narrative leads to questions in the context of 
an ecological “top-down” (top predator to species 
lower in the food web) construction of a harbor 
food web:

1. The black-crowned night heron was a 
juvenile so likely fledged locally.  We know 
of a black-crowned night heron rookery 
about 2.25 km northeast of the GLRF slip at 
the end of a sheet-pile lined canal and that 
newly fledged black-crowned night herons 
feed to some extent in an adjacent sheet-
pile lined canal.  They roost on branches 
above the bluegills nesting in gravel that 
had spilled from behind where sheet-piling 
has collapsed. We presume the herons are 
feeding on the bluegills.  

2.  In a harbor that is framed mostly by sheet 
piling and quarried massive armor stone, 
where did spawning by largemouth bass 
and bluegill occur?  

3. What did the largemouth bass, bluegills, 
and their offspring feed on?   And where?  
That is, what is the lower food web 
infrastructure that ultimately supports a 
heron rookery?

In our perspective on how urban areas can 
effectively interact with their river mouths in an 
ecologically sound way, we argue that, rather than 
focusing on restoration of habitats to something 
approximating their original conditions, it might be 
more effective to understand how these systems 
are already operating ecologically, and enhance 
aspects that the organisms find satisfactory, 
that humans may not recognize.  A parallel from 
ethology (the evolutionary approach to animal 
behavior) might be the territorial attack by male 
European robins on a tuft of red feathers on a stick.  
What the European robin sees as pertinent is only 
the tuft of red feathers.  Robin wings and legs and 
eyes are irrelevant (Lack 1943). 

 ...rather than focusing on restoration 
of habitats to something approximating 
their original conditions, it might 
be more effective to understand how 
these systems are already operating 
ecologically, and enhance aspects that 
the organisms find satisfactory, that 
humans may not recognize.
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sunfish nest is, typically, a bowl shaped depression 
in gravel or coarse sand that the male fans out by 
sweeps of its tail fin.  The largemouth bass nest 
near where the black-crowned night herons were 
foraging was not like that. Instead the defender 
(male largemouth bass defend the nest) had his 
nest on a slab of dolomite that had fallen in where 
sheet piling had collapsed (Figure 3).

Great Lakes rivermouths are diverse in their 
original configurations, so one rivermouth does 
not necessarily serve as the model for others. For 
Lake Michigan, the east and west coast rivermouths 
are vastly different. The east coast, essentially the 
Michigan coast, is dominated by drowned river 
mouth lakes in which the river first empties into a 
coastal lake which connects to Lake Michigan via a 
channel.   

Larson et al. (2013) show a map of an example, Lake 
Pere Marquette at Ludington, MI.  The drowned 
rivermouth lakes are natural harbors that have 
become urbanized and/or industrialized but often 
retain a wetland at their upstream end. The largest, 
Muskegon Lake, has a state park that borders both 
Muskegon Lake and Lake Michigan. The western 
side of Lake Michigan, from Illinois to northern 
Wisconsin lacks such coastal lakes and, because 
very little of Wisconsin and Illinois are in the Lake 
Michigan drainage basin, the river inputs are 
comparatively small. Harbors along this coast are 
created by breakwalls that act as barriers to high 
waves in the open lake. These “barrier harbors” are 
constructed on the original lakebed, hence they are 
entirely a post-settlement feature. In the extreme 
case of the Chicago area the tributaries have had 
their flows reversed via systems of locks to there is 
no tributary except during extreme rain events that 
overwhelm the lock system.

This difference between pre-settlement conditions 
of a natural drowned river mouth lake with a natural 
shoreline versus a constructed “barrier harbor” lake 
with at least the bounding breakwall being a rock, 
concrete, or sheet piling barrier, should influence 

Figure 3.  Non-typical largemouth bass spawning sites.  
Upper right is a male largemouth bass that was guarding 
a nest at the Burnham Canal, near the western extent 
of Milwaukee Harbor.  The nest was atypical, being 
on a flat bedrock slab instead of coarse sand or fine 
gravel.  Bottom right is the brood he was defending.  
Left is a terrace of dolomite slabs at the lagoon at the 
western side of Lakeshore State Park.  A largemouth bass 
established a nest on one of the submerged slabs in June, 
2018.

We suggest that there are no natural 
Great Lakes ecosystems that can be 
considered as analogs useful as models 
for barrier harbor ecosystems. Hence, 
the question is “are barrier harbors in 
any sense functional ecosystems?” 



32

ecosystem change trajectories. Perhaps drowned 
river mouth systems will converge on barrier 
harbors as their shorelines become increasingly 
hardened, so study of barrier harbor ecosystems 
can inform management of more natural harbors.  
But, can drowned river mouth harbors inform 
management of barrier harbors? We suggest that 
there are no natural Great Lakes ecosystems that 
can be considered as analogs useful as models for 
barrier harbor ecosystems. Hence, the question 
is “are barrier harbors in any sense functional 
ecosystems?” Perhaps most important, “are there 
significant ecosystem services?”

In thinking about how fishes interact with the 
Milwaukee estuary, we divided species of particular 
interest into three groups (Table 1). “Residents” 
are species that spend their whole lives mainly in 
the harbor, including breeding there. It’s important 
that this can vary regionally. For example, where 
there is warmer water at the south end of Lake 
Michigan smallmouth bass and rock bass venture 
outside of the breakwalls in summer (Creque et al. 
2006). Coastal transients are common along coasts, 
but may breed within the harbor or tributary.  
Offshore transients are mainly introduced marine 
anadromous pelagic species, including Pacific 
salmons, rainbow (steelhead) trout, and the forage 
species alewife and rainbow smelt.  

What lower food web elements support the 
fishes (and others) in Table 1? A complete food 
web is a major research undertaking.  However, 
in the context of barrier harbors as particularly 
poorly understood ecosystems we focus on two 
components that have significant components that 
are non-native (Figure 4).  For the food web in the 
upper part of the figure the introduced species of 
interest are round gobies, which forage as adults 
on introduced zebra and quagga mussels, and are 
prey for brown trout and lake trout during the 
cold months. Round gobies were first reported in 
Milwaukee Harbor in 1998. A winter fishery has 
emerged for the two trouts.  This part of the harbor 
food web has not been studied in detail and the 
diets for the two trouts are based on informal 
studies by Wisconsin Department of Natural 
Resources personnel and angler reports.  

Table 1.  Categories and examples of fishes that 
occupy Milwaukee Harbor.

Resident fishes.  These species rarely stray far from the 
harbor and spawn in the harbor.

Largemouth bass
Smallmouth Bass
Rock bass
Bluegill
Pumpkinseed

Coastal transient fishes.  These travel along the coast 
and can be inside or outside of the harbor, but do not 
necessarily spawn in the harbor.

Yellow perch (spawns in and outside of the 
harbor)
White sucker (spawns upstream in tributaries)

Offshore transient fishes.  These are mainly offshore, 
but move into tributaries to spawn.

Coho salmon (introduced)
Chinook salmon (introduced)
Rainbow trout (steelhead) (introduced)
Rainbow smelt (introduced)
Alewife (introduced)

Figure 4. Milwaukee harbor food web components that 
depend on hardened barrier structures (rock) and species 
that are not native

Phytoplankton       Quaga and zebra       Round gobies        Lake trout (native)
            mussels     (Pontocaspian)    Brown trout (Europe)
            (Pontocaspian)                                   Micropterus basses
                (native)
                                     Rock bass (native)

Periphyton     Bloody red shrimp      Alewife (coastal Atlantic)      Pacific salmons
   (Pontocaspian)            Rainbow smelt  (coastal N. Pacific)
                    (coastal Atlantic)

    Juvenile trouts (diverse origins)
    Juvenile basses and rock bass
    (native)
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The food web in the lower part of Figure 4 is based 
on bloody red shrimp (Hemimysis anomala), an 
introduced small (1/4 inch) shrimp-like crustacean. 
Along the outer breakwall where there is abundant 
armor stone placed on the inside of the breakwall 
we find swarms of  bloody red shrimp (Figure 5)), 
a native of the Ponto-Caspian region.  By day the 
swarms are inside of “caves” created in the gaps 
between the large stones, but the individuals 
scatter at night during which time they become 
major prey for a mix of coastal transient fishes and 
resident fishes (Figure 5, Geisthardt 2017, Suedel 
et al. 2017).  Among the transient species, the 
alewife and rainbow smelt may be of particular 
interest, partly because they are major prey for 
Lake Michigan’s introduced Pacific salmons and 
diverse “trouts,” rainbow trout, brown trout, and 
lake trout).  Consequently, the bloody red shrimp 
may attract several major sport fishes to angler 
accessible breakwalls by attracting their prey.  
Alewife and rainbow smelt may also be predisposed 
to feed on bloody red shrimp because a similar 
native shrimp, Mysis diluviana is a major prey when 
the two fishes are in deep water (Foltz and Norden 
1977; Janssen and Brandt 1980).  Bloody red shrimp 
are also important in the diets of resident harbor 

 

 

Figure 4.   Bloody red shrimp swarms in the “caves” formed by the large armor stone in Figure 3 and four 
of the fish species that feed on these “shrimp.”  The upper three images show the “shrimp” as light 
spots against a dark rock shadow (left and right) and dark spots seen from inside a “cave” with a scuba 
diver suspended in silhouette.  The green periphyton (algae filaments) attached to the rocks appear to 
compose part of the diet of the “shrimp.” The fishes that have consumed the “shrimp” are (left) alewife, 
(middle) a juvenile brown trout, (right middle) rainbow smelt, and (right bottom) juvenile yellow perch. 

  

Figure 5. Bloody red shrimp swarms in the “caves” 
formed by the large armor stone in Figure 3 and four of 
the fish species that feed on these “shrimp.” The upper 
three images show the “shrimp” as light spots against 
a dark rock shadow (left and right) and dark spots seen 
from inside a “cave” with a scuba diver suspended in sil-
houette. The green periphyton (algae filaments) attached 
to the rocks appear to compose part of the diet of the 
“shrimp.” The fishes that have consumed the “shrimp” 
are (left) alewife, (middle) a juvenile brown trout, (right 
middle) rainbow smelt, and (right bottom) juvenile yellow 
perch.

However, for barrier harbors where 
wetlands did not exist previously in 
the footprint now occupied by the 
harbor carved from Lake Michigan, a 
wetland may act as a barrier that leads 
to habitat fragmentation for forage 
species...
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fishes such as smaller rock bass and largemouth 
bass.  We don’t know how important bloody red 
shrimp as fish prey elsewhere in the harbor, but 
they are often abundant in traps designed to collect 
them well into the inner harbor (Dow 2018).

Important to how managers think about the 
Milwaukee Harbor as an ecosystem is that, with 
the original wetland estuary, there would probably 
be little or no habitat for either bloody red shrimp 
or round gobies. Round gobies are cavity spawners 
with the cavities typically under rocks. They are not 
abundant in wetlands associated with drowned 
river mouth lakes in Michigan (Cooper et al. 
2007). Bloody red shrimp are also lithophilic and 
its relatives inhabit caves in their native habitats 
(Geisthardt 2017). 

Larson et al. (2013) point out that, due to zebra 
and quagga mussel decreased pelagic productivity 
(Fahnenstiel et al. 2010, Evans et al. 2011, 
Claramunt et al. 2019), rivermouth systems are 
likely islands of productivity.  Their argument is 
illustrated in the before/after mussel water quality 
images (Figure 6) and a lake-wide cartoon of the 
rivermouth productivity “islands” (Figure 7).

This leaves us with a potentially interesting situation 
in that, for the drowned river mouth lakes the best 
management may be to maintain wetlands and 
minimize shoreline hardening that creates habitat 
fragmentation. However, for barrier harbors where 
wetlands did not exist previously in the footprint 
now occupied by the harbor carved from Lake 
Michigan, a wetland may act as a barrier that leads 
to habitat fragmentation for forage species, mainly 
the non-native bloody red shrimp and round goby, 
that are the base of a harbor fishery.  In marine 
urban estuaries the differences between hardened 
shore systems and systems with marshy borders 
is substantial (Malerba et al. 2019) due to the 
availability of hard surfaces for encrusting filter-
feeding invertebrates such as mussels.  In the Great 
Lakes the combination of hardened shorelines and 
invasive zebra and quagga mussels may mean that 
principles applying to urbanized marine systems will 
apply to the Great Lakes.

 

Figure 4.  Frames from video taken prior to the zebra mussel invasion (1986, about 20 feet deep) and 
from 2001 (about 30 feet deep), ten years after the zebra mussel invasion.  Prior to the invasion 
periphyton was scarce on rocks due to poor light penetration.  Zebra mussels, and subsequently quagga 
mussels, have greatly increased water penetration by consuming the phytoplankton that limited 
visibility and light penetration prior to 1991.  

Figure 6.  Frames from video taken prior to the zebra 
mussel invasion (1986, about 20 feet deep) and from 
2001 (about 30 feet deep), ten years after the zebra 
mussel invasion.  Prior to the invasion periphyton was 
scarce on rocks due to poor light penetration.  Zebra 
mussels, and subsequently quagga mussels, have greatly 
increased water penetration by consuming the phyto-
plankton that limited visibility and light penetration prior 
to 1991.

 

Figure 7.  “Cartoon” rendition of zebra mussel, followed by quagga mussel impacts on phytoplankton, 
the base of the pelagic food web that sustains the introduced Pacific salmon fishery.  Quagga mussels 
are abundant on bottom both offshore and nearshore and their consumption of phytoplankton results 
in the increased water clarity evident in Figure 6 (right) and a diminished pelagic food web.  Fertile 
rivermouths are remnant fertility islands.  

 

Figure 7.  “Cartoon” rendition of zebra mussel, followed by quagga mussel impacts on phytoplankton, 
the base of the pelagic food web that sustains the introduced Pacific salmon fishery.  Quagga mussels 
are abundant on bottom both offshore and nearshore and their consumption of phytoplankton results 
in the increased water clarity evident in Figure 6 (right) and a diminished pelagic food web.  Fertile 
rivermouths are remnant fertility islands.  

Pre-quagga, Phytoplankton 
all over

Post-quagga, fertile river 
mouths

Figure 7.  “Cartoon” rendition of zebra mussel, followed 
by quagga mussel impacts on phytoplankton, the base of 
the pelagic food web that sustains the introduced Pacific 
salmon fishery.  Quagga mussels are abundant on bottom 
both offshore and nearshore and their consumption of 
phytoplankton results in the increased water clarity evi-
dent in Figure 6 (right side) and a diminished pelagic food 
web.  Fertile rivermouths are remnant fertility islands.
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Abstract

From a large lake and global freshwater perspective, 
there is no other aquatic system on Earth quite 
like the Great Lakes. They represent the largest 
system of lakes on Earth, and Lake Superior alone 
is the largest unfrozen fresh surface water body. 
Importantly, the coastlines of the Great Lakes are 
subject to climatological and meteorological forces 
acting across space and time scales comparable to 
those associated with oceanographic processes. 
In other words, models, monitoring systems, and 
data sets of variables that are critical to Great Lakes 
hydrology such as precipitation, wind speed, and 
coastal circulation are more similar to those used 
for oceans than for most other lakes.

Despite these similarities, water level dynamics 
along the Great Lakes coastline are quite different 
from those along the marine coast. Short-term 
(daily) water level variability on the Great Lakes 
is influenced by episodic storm surge, seiche, and 
meteotsunami events. Month-to-month (seasonal) 

water level variability is driven by the timing and 
magnitude of snowmelt, as well as spring and late 
fall lake evaporation (among other factors). Long-
term (i.e. multi-year) water level variability is most 
directly related to sustained periods of above- or 
below-average precipitation and evaporation.

While short-term water level fluctuations along 
marine coasts are also subject to storm events 
and tides, the seiche events on the Great Lakes 
are much more difficult to predict and can be 
non-localized; a wind or storm event originating 
in the middle of Lake Erie, for example, can lead 
to delayed, unanticipated, and severe water level 
fluctuations in Toledo. There are comparable 
challenges associated with forecasting, and planning 
for, seasonal and multi-year water level fluctuations 
as well.

Unlike water levels along most marine coasts, 
there are no clear trends in projected long-term 
(i.e. multi-decadal) Great Lakes water levels. Some 
model simulations suggest a slight increase in long-
term water levels (due to increased precipitation) 
while others suggest a slight decrease due to a 
higher proportion of water lost to evaporation than 
gained through precipitation. These uncertainties 
pose a major challenge for Great Lakes coastal 
infrastructure planning, and suggest that shorter-
term seasonal and interannual variability may 
be the most important considerations for urban 
infrastructure design and management protocols.

Unlike water levels along most marine 
coasts, there are no clear trends in 
projected long-term Great Lakes water 
levels... These uncertainties pose 
a major challenge for Great Lakes 
coastal infrastructure planning.
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Introduction

The Laurentian Great Lakes are a massive fresh 
surface water resource. Collectively, they represent 
the largest system of lakes on Earth (Gronewold 
et al. 2013b). Lake Superior alone has the largest 
surface area of any unfrozen fresh surface water 
body. Together, the lakes also represent around 20% 
of all of the planet’s fresh surface water (figure 1). 
Interestingly, the top ten largest lakes by volume 
(including three of the five Great Lakes) represent 
about 80% of all the fresh surface water on Earth. 
Around 100 million other, smaller lakes constitute 
the remaining percentage (Hampton 2013). From a 
global fresh water management perspective alone, 
the need for a robust understanding of historical 
and future Great Lakes water level fluctuations 
across a variety of time scales seems self-apparent. 
In light of the expansive stretch of coastline along 
the Lakes, and the range of communities that 
interact with that shoreline, understanding changes 
in water level variability takes on even greater 
importance (Lee et al. 1998; Schwartz et al. 2004).

A Massive and Unique Basin

Aside from their sheer magnitude, the Great Lakes 
are different from other large freshwater and 
marine coastal systems in at least three important 
ways. First, the surface area of the lakes constitutes 

roughly one-third of the total basin area (figure 2).
There is no large lake, or large lake system on Earth 
that makes up such a high proportion of the area of 
its surrounding basin. As a result, the Great Lakes 
hydrologic cycle is governed not only by traditional 
land surface processes (including tributary flows,
snow melt, and soil moisture) but also by lake 
evaporation and over-lake precipitation (Lenters 
2001; Quinn 2002; Hunter et al. 2015; Holman et al. 
2012).

INTRODUCTION
The Laurentian Great Lakes are a massive fresh surface water resource. Collec-

tively, they represent the largest system of lakes on Earth (Gronewold et al. 2013b).
Lake Superior alone has the largest surface area of any unfrozen fresh surface water
body. Together, the lakes also represent around 20% of all of the planet’s fresh sur-
face water (figure 1). Interestingly, the top ten largest lakes by volume (including three
of the five Great Lakes) represent about 80% of all the fresh surface water on Earth.
Around 100 million other, smaller lakes constitute the remaining percentage (Hampton
2013). From a global fresh water management perspective alone, the need for a robust
understanding of historical and future Great Lakes water level fluctuations across a va-
riety of time scales seems self-apparent. In light of the expansive stretch of coastline
along the Lakes, and the range of communities that interact with that shoreline, under-
standing changes in water level variability takes on even greater importance (Lee et al.
1998; Schwartz et al. 2004).

Introduction
Water quality

Water quantity
Forecasting

Name Country Surface area Volume
(km2) (mi2) (km3) (mi3)

Michigan–Huron U.S. and Canada 117,702 45,445 8,458 2,029
Superior U.S. and Canada 82,414 31,820 12,100 2,900
Victoria Multiple 69,485 26,828 2,750 660
Tanganyika Multiple 32,893 12,700 18,900 4,500
Baikal Russia 31,500 12,200 23,600 5,700
Great Bear Lake Canada 31,080 12,000 2,236 536
Malawi Multiple 30,044 11,600 8,400 2,000
Great Slave Lake Canada 28,930 11,170 2,090 500
Erie U.S. and Canada 25,719 9,930 489 117
Winnipeg Canada 23,553 9,094 283 68
Ontario U.S. and Canada 19,477 7,520 1,639 393

Table: Water volume and surface area of Earth’s largest (ranked by surface area) fresh surface waters.

From: Gronewold, Fortin, Lofgren, Clites, Stow, and Quinn (2013). Climatic Change.
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Figure 1. Largest fresh water surfaces on Earth, ranked by surface area. Great
Lakes are highlighted in yellow. Adapted from Gronewold et al. 2013b.

A MASSIVE AND UNIQUE BASIN
Aside from their sheer magnitude, the Great Lakes are different from other large

freshwater and marine coastal systems in at least three important ways. First, the sur-
face area of the lakes constitutes roughly one-third of the total basin area (figure 2).
There is no large lake, or large lake system on Earth that makes up such a high propor-
tion of the area of its surrounding basin. As a result, the Great Lakes hydrologic cycle
is governed not only by traditional land surface processes (including tributary flows,
snow melt, and soil moisture) but also by lake evaporation and over-lake precipitation
(Lenters 2001; Quinn 2002; Hunter et al. 2015; Holman et al. 2012).

Second, the location of the Great Lakes relative to the polar jet stream makes it
subject to a unique range of meteorological conditions (Zhang and Villarini 2019; Fu
and Steinschneider 2019). Throughout the course of a single calendar year, for exam-
ple, the lakes exchange a tremendous amount of energy through latent and sensible heat
(Spence et al. 2011; Charusombat et al. 2018). This cycle, which includes ice formation

3

Figure 1. Largest fresh water surfaces on Earth, ranked by surface area. Great 
Lakes are highlighted in yellow. Adapted from Gronewold et al. 2013b.

Figure 2. Delineation of the Great Lakes basin. Courtesy: NOAA-GLERL.

in the winter, absorption of energy in the summer, and evaporation and water loss in
the fall, has a profound impact on coastal communities through water level fluctuations,
the formation and retreat of coastal ice, and the propagation of lake-effect snow events
(Wang et al. 2012; Spence et al. 2013; Notaro et al. 2013; Wright et al. 2013; Ji et al.
2019).

Third, the scale of many of the processes driving Great Lakes coastal water level
fluctuations is on the same order-of-magnitude as oceanographic processes. Conse-
quently, data sets, computer models, and monitoring platforms used to understand the
Great Lakes are drawn from similar systems originating in marine coastal environments
(Schwab and Bedford 1994; Anderson et al. 2015).

THE GREAT LAKES HYDROLOGIC CYCLE
The vast majority of water cycling into and out of each Great Lakes basin does so

through a combination of lateral tributary runoff (from rivers and streams), over-lake
precipitation, over-lake evaporation, inflows from upstream connecting channels, and
outflows into downstream connecting channels (figure 3). A very small proportion of
water leaves the Great lakes basin through the Chicago Sanitary and Ship Canal (Hunter
et al. 2015), and a similar amount of water enters the Great Lakes basin through the
Ogoki and Long Lac diversions, located along the northern border of the Lake Superior
basin (Quinn and Edstrom 2000). A small amount of water also enters and leaves each
lake through groundwater flow (Grannemann et al. 2000), though there is a need for
additional research on exactly how much groundwater flow contributes to a net gain or
loss of water within each of the Great Lakes.

Over-lake precipitation, over-lake evaporation, and runoff each follow a unique sea-
sonal pattern. The summation of these three components ultimately contributes to the
seasonal water level cycle on each of the Great Lakes (Lenters 2001). Importantly,

4

Figure 2. Delineation of the Great Lakes basin. Courtesy: 
NOAA-GLERL.
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Second, the location of the Great Lakes relative 
to the polar jet stream makes it subject to a 
unique range of meteorological conditions (Zhang 
and Villarini 2019; Fu and Steinschneider 2019). 
Throughout the course of a single calendar year, 
for example, the lakes exchange a tremendous 
amount of energy through latent and sensible 
heat (Spence et al. 2011; Charusombat et al. 
2018). This cycle, which includes ice formation in 
the winter, absorption of energy in the summer, 
and evaporation and water loss in the fall, has a 
profound impact on coastal communities through 
water level fluctuations, the formation and retreat 
of coastal ice, and the propagation of lake-effect 
snow events (Wang et al. 2012; Spence et al. 2013; 
Notaro et al. 2013; Wright et al. 2013; Ji et al. 2019).

Third, the scale of many of the processes driving 
Great Lakes coastal water level fluctuations is on 
the same order-of-magnitude as oceanographic 
processes. Consequently, data sets, computer 
models, and monitoring platforms used to 
understand the Great Lakes are drawn from similar 

systems originating in marine coastal environments 
(Schwab and Bedford 1994; Anderson et al. 2015).

The Great Lakes Hydrologic Cycle

The vast majority of water cycling into and out 
of each Great Lakes basin does so through a 
combination of lateral tributary runoff (from rivers 
and streams), over-lake precipitation, over-lake 
evaporation, inflows from upstream connecting 
channels, and outflows into downstream connecting 
channels (figure 3). A very small proportion of 
water leaves the Great lakes basin through the 
Chicago Sanitary and Ship Canal (Hunter et al. 
2015), and a similar amount of water enters the 
Great Lakes basin through the Ogoki and Long Lac 
diversions, located along the northern border of 
the Lake Superior basin (Quinn and Edstrom 2000). 
A small amount of water also enters and leaves 
each lake through groundwater flow (Grannemann 
et al. 2000), though there is a need for additional 
research on exactly how much groundwater flow 

Figure 3. Water balance of the Great Lakes basin. Over-lake precipitation, lake evaporation, and runoff are 
differentiated in the left hand panel. Connecting channel flows and diversions are differentiated in the right-hand 
panel. Courtesy: NOAA-GLERL. Values from Hunter et al. 2015.
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hydroDrivers

Drivers of water level change: hydrologic cycle

From: Hunter, T.S. et al. (2015),
Journal of Great Lakes Research; Satellite Imagery: NOAA CoastWatch
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Figure 3. Water balance of the Great Lakes basin. Over-lake precipitation, lake
evaporation, and runoff are differentiated in the left-hand panel. Connecting
channel flows and diversions are differentiated in the right-hand panel. Courtesy:
NOAA-GLERL. Values from Hunter et al. 2015.

there is strong evidence that the hydrologic cycle is changing across each of the Great
Lakes. On Lake Superior, for example, evaporation rates in late fall and early winter
have been rising steadily over time, leading to earlier and more pronounced seasonal
water level declines (Hunter et al. 2015). Similar patterns have been noted on Lake Erie
(Gronewold and Stow 2014).

UNIQUE METEOROLOGICAL AND CLIMATOLOGICAL PROCESSES
In addition to the hydrological processes governing the water balance, there are

unique meteorological and climatological features of the Great Lakes that impact wa-
ter level fluctuations. In the fall of 2012, for example, water level conditions on the
Great Lakes were influenced by a combination of both seiche events (particularly on
Lake Erie) and by Hurricane Sandy (figure 4). These seiche events induce water level
variability on the same order-of-magnitude as the tides on the marine coasts, but are rel-
atively more challenging to predict (Gronewold et al. 2013b). Recently, meteotsunami
events have received attention on the Great Lakes, and induce similar, often unantici-
pated, short-term water level fluctuations (Anderson et al. 2015).

Ensuring human health and safety during these events is a primary concern, however
designing coastal infrastructure to withstand these fluctuations is equally challenging.
The impact of seiche and storm events depends in large part, of course, on the baseline
water level at the time. The extent of inundation and coastal flooding, damage to coastal
infrastructure, and threats to human safety associated with storm events all depend at
least in part on whether water levels are in a period of below-average, average, or above
average conditions. Not all locations along the Great Lakes shoreline are subject to the

5
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Figure 3. Water balance of the Great Lakes basin. Over-lake precipitation, lake
evaporation, and runoff are differentiated in the left-hand panel. Connecting
channel flows and diversions are differentiated in the right-hand panel. Courtesy:
NOAA-GLERL. Values from Hunter et al. 2015.

there is strong evidence that the hydrologic cycle is changing across each of the Great
Lakes. On Lake Superior, for example, evaporation rates in late fall and early winter
have been rising steadily over time, leading to earlier and more pronounced seasonal
water level declines (Hunter et al. 2015). Similar patterns have been noted on Lake Erie
(Gronewold and Stow 2014).

UNIQUE METEOROLOGICAL AND CLIMATOLOGICAL PROCESSES
In addition to the hydrological processes governing the water balance, there are

unique meteorological and climatological features of the Great Lakes that impact wa-
ter level fluctuations. In the fall of 2012, for example, water level conditions on the
Great Lakes were influenced by a combination of both seiche events (particularly on
Lake Erie) and by Hurricane Sandy (figure 4). These seiche events induce water level
variability on the same order-of-magnitude as the tides on the marine coasts, but are rel-
atively more challenging to predict (Gronewold et al. 2013b). Recently, meteotsunami
events have received attention on the Great Lakes, and induce similar, often unantici-
pated, short-term water level fluctuations (Anderson et al. 2015).

Ensuring human health and safety during these events is a primary concern, however
designing coastal infrastructure to withstand these fluctuations is equally challenging.
The impact of seiche and storm events depends in large part, of course, on the baseline
water level at the time. The extent of inundation and coastal flooding, damage to coastal
infrastructure, and threats to human safety associated with storm events all depend at
least in part on whether water levels are in a period of below-average, average, or above
average conditions. Not all locations along the Great Lakes shoreline are subject to the

5
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contributes to a net gain or loss of water within 
each of the Great Lakes.

Over-lake precipitation, over-lake evaporation, and 
runoff each follow a unique seasonal pattern. The 
summation of these three components ultimately 
contributes to the seasonal water level cycle on 
each of the Great Lakes (Lenters 2001). Importantly, 
there is strong evidence that the hydrologic cycle 
is changing across each of the Great Lakes. On Lake 
Superior, for example, evaporation rates in late fall 
and early winter have been rising steadily over time, 
leading to earlier and more pronounced seasonal 
water level declines (Hunter et al. 2015). Similar 
patterns have been noted on Lake Erie (Gronewold 
and Stow 2014).

Unique Meteorological and Climatological 
Processes

In addition to the hydrological processes 
governing the water balance, there are unique 
meteorological and climatological features of the 
Great Lakes that impact water level fluctuations. 
In the fall of 2012, for example, water level 
conditions on the Great Lakes were influenced by a 
combination of both seiche events (particularly on 
Lake Erie) and by Hurricane Sandy (figure 4). These 
seiche events induce water level variability on 
the same order-of-magnitude as the tides on the 
marine coasts, but are relatively more challenging 
to predict (Gronewold et al. 2013b). Recently, 
meteotsunami events have received attention 
on the Great Lakes, and induce similar, often 
unanticipated, short-term water level fluctuations 
(Anderson et al. 2015).
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Figure 4. Daily water levels at two gages on the Great Lakes (top panel) and at
the Battery Park Gage in New York City (bottom panel). From Gronewold et al.
2013b.

same types of variability, however. Predominant wind and coastal circulation patterns
can lead to different water level patterns at different locations along the coastline, even
during the same storm event (Beletsky and Schwab 2001; Niu et al. 2015).

WATER LEVEL VARIABILITY ACROSS DIFFERENT TIME SCALES
From a long-term, inter-annual perspective, the water levels of the Great Lakes are

very dynamic. On Lakes Michigan and Huron, for example, annual average water lev-
els fluctuate over a range of roughly 5 to 6 feet. Annual average sea water levels near
New York City, in contrast, have risen monotonically over the past century by roughly
10 inches, though New York City is subject to severe short-term water level variabil-
ity; nonetheless, these different water level fluctuations have important implications
for coastal water level planning decisions and infrastructure design criteria. In some
ways, it’s remarkable that Great Lakes cities have historically adapted to this type of
variability.

Looking to the future, there is no clear answer to the question of whether water
levels on the Great Lakes are likely to be (on average) higher or lower; some studies
suggest that water levels may be higher on average, other suggest they may be lower
(Lofgren 2004; Angel and Kunkel 2010; Hayhoe et al. 2010; Gronewold et al. 2013a;
Notaro et al. 2015; Lofgren and Rouhana 2016). What is more certain is that water lev-

6

Figure 4. Daily water levels at two gages on the Great Lakes (top panel) and at the Battery Park Gage 
in New York City (bottom panel). From Gronewold et al. 2013b.
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Ensuring human health and safety during these 
events is a primary concern, however designing 
coastal infrastructure to withstand these 
fluctuations is equally challenging. The impact of 
seiche and storm events depends in large part, of 
course, on the baseline water level at the time. 
The extent of inundation and coastal flooding, 
damage to coastal infrastructure, and threats to 
human safety associated with storm events all 
depend at least in part on whether water levels 
are in a period of below-ave age, average, or above 
average conditions. Not all locations along the Great 
Lakes shoreline are subject to the same types of 
variability, however. Predominant wind and coastal 
circulation patterns can lead to different water level 
patterns at different locations along the coastline, 
even during the same storm event (Beletsky and 
Schwab 2001; Niu et al. 2015).

Water Level Variability Across Different Time Scales

From a long-term, inter-annual perspective, the 
water levels of the Great Lakes are very dynamic. 
On Lakes Michigan and Huron, for example, annual 
average water levels fluctuate over a range of 
roughly 5 to 6 feet. Annual average sea water 
levels near New York City, in contrast, have risen 
monotonically over the past century by roughly 10 
inches, though New York City is subject to severe 
short-term water level variability; nonetheless, 
these different water level fluctuations have 
important implications for coastal water level 
planning decisions and infrastructure design criteria. 
In some ways, it’s remarkable that Great Lakes cities 
have historically adapted to this type of variability.

Looking to the future, there is no clear answer to 
the question of whether water levels on the Great 
Lakes are likely to be (on average) higher or lower; 
some studies suggest that water levels may be 
higher on average, other suggest they may be lower 
(Lofgren 2004; Angel and Kunkel 2010; Hayhoe 
et al. 2010; Gronewold et al. 2013a; Notaro et al. 
2015; Lofgren and Rouhana 2016). What is more 
certain is that water levels on the Great Lakes will 
continue to vary over seasonal and interannual 
time scales. One of the more important questions 
facing the Great Lakes hydrologic and climatological 
science communities is whether the rate of water 
level change is expected to differ in the future 
(Gronewold and Rood 2019).

Ongoing and Future Research

Many of the features that make the Great Lakes 
basin unique also make it extremely difficult to 
study. Not only are the lake surfaces a vast and 
challenging environment for in situ monitoring, field 
work, and modeling (i.e. they are often un-navigable 
in the winter time due to ice obstruction), but the 
entire basin is bisected by an international border 
(Gronewold et al. 2018). Reconciling the differences 
between US and Canadian data sets continues to be 
one of the biggest challenges facing the Great Lakes 
basin. While there is a strong binational partnership 
addressing this challenge, there is also a territorial 
component to federally-based programs and 
products that limit development and advancement 
of basin-scale knowledge and information.

In some ways, it’s remarkable that 
Great Lakes cities have historically 
adapted to this type of variability.
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[1] “Innovation” in its Wikipedia listing is described 
as, “new ideas, creative thoughts, new imaginations 
of more-effective products, processes, services, 
technologies, or business models that impact 
markets, governments and society.” In short, 
innovation is the process by which new and worthy 
ideas and concepts become real. “Sustainable urban 
systems” describes the elements of cities through 
which basic life-line services of energy, water, food, 
transport and the myriad ways of governance are 
maintained—and in the spirit of the definition of 
“sustainability”—improved for present and future 
generations.

[2] Sustainable urban systems are comprised of 
buildings, landscapes, municipal, coastal and 
regional infrastructure and must meet code 
acceptance, building and zoning regulations, as well 
as realizable benefits to our visions and plans to 
achieve health, safety, and economic vitality.

Timing is everything. Municipal infrastructure 
projects impacting land, water, energy, and 
shorelines take years to plan, permit and construct. 
Once built, their footprint and life cycle can extend 
for well over centuries. The “sustainable urban 
plans” made today have to be designed with 
provision to adjust to future probable conditions, 
change and uncertainty.

Investment in research and development enables 
us to test ideas, to define models to simulate 
and anticipate future conditions, and to compare 
alternatives, saving time and avert losses from 
failure.

Our ability to imagine the new and 
unprecedented- both problem and 
solution- is the wealth our minds can 
create, the incuabtor from which 
innovations are born.
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[3] The “ladder of innovation” is a matrix familiar 
in business school texts to illustrate the time (x 
axis) and extent of widespread impact (y axis) of an 
invention or innovation. It depicts steps by which 
new concepts must advance from the research 
“early idea” phase, through proof of concept, early 
adoption, and market acceptance as established 
practice. 

Several “new water ideas” are illustrated as 
examples—listed by The Water Network as new 
concepts under development in academic and 
industry research labs. Each has promise but must 
overcome barriers and find opportunities for wider 
application.

[4] Listed here are the most common “Best 
Practices” of climate mitigation being undertaken 
by cities in the C40 Global Cities program. The list 
tabulates the rank order of 43 “actions” that cities 
across the world are taking to mitigate climate 
impacts (summarizing over 12,000 projects) with 
the “action” that is most popular at the top. (It is 
Tree Planting!). 

[5] 60 percent of the C40 climate actions are 
related to water, including flood, winter storms, 
and insect microbial factors. Any one “action” or 
best practice has multiple and contingent benefits, 
but also liabilities (e.g., disease vectors).

Innovation in Sustainable Urban Systems        Donald Watson, FAIA Emeritus 
 

 2 

 
 
 

 

Innovation in Sustainable Urban Systems        Donald Watson, FAIA Emeritus 
 

 3 

 

 
 
 

 



46

Innovation in Sustainable Urban Systems        Donald Watson, FAIA Emeritus 
 

 4 

 
 

 

 
 

[6] The power of new tools of analysis and 
research applicable to sustainable urban systems 
is demonstrated by the work of NASA scientist 
L. Bounoua: an analysis of heat island impacts 
related to extent of impervious cover. The analysis 
substantiates the role of vegetation in limiting heat 
spells and climate warming. 
https://visibleearth.nasa.gov/view.php?id=86440

[7] This slide illustrates three common water-related 
design concepts, and, on the lower left, typical 
steps that can assist in advancing such concepts 
up the ladder of innovation, and can be aided and 
accelerated through various steps such as rapid 
prototyping, design competitions, performance 
evaluations, demonstration projects, product 
certifications, peer consults, community design 
centers, until they reach the level of accepted 
practice and market penetration and success.

LEFT: The bioswale / rain garden coupled with storm 
sewer drains, currently a demonstration project 
in New Haven, CT, with performance evaluation 
by Prof. Benoit, Yale School of Forestry and 
Environmental Studies.

MIDDLE: Tree cells, a concept that has been under 
development by James Urban and others for over 
twenty years is now nearing market readiness in a 
number of commercially available products. 

RIGHT: Each design process or product has 
maintenance issues, such as the need to vacuum 
clean porous pavers, which in turn leads to new job 
skills and labor-saving equipment...
…by way of saying that any design concept has a 
range of opportunities and barriers. 
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[8] Design projects combine and integrate any 
number of separate design concepts. Designers and 
project sponsors are thus key to advancing new 
ideas into common practice by demonstrating best 
practices. Three examples are shown: 

LEFT: The Brock Environmental Center by the 
SmithGroup, the first public building in the U.S. to 
permit water harvested from its roof to be purified 
on site and used for potable water. The entire 
building and site is conceived as a watershed (also 
elevated above the flood-risk height of extreme 
storm surge). 

MIDDLE: Living Shoreline is a demonstration 
prototype sponsored by New York State’s 
Sustainable Shorelines program, in which more than 
ten projects are being fully documented for cost 
and performance. 

RIGHT: Prof. Wasley’s “Zero Discharge Zone” project 
for UWM is an important example of what can 
be accomplished within a university or corporate 
campus with landscape, microclimate, and water 
quality, alongside place-making and amenity 
benefits.

[9] Many urban innovations across the United 
States and world are at a large district and 
urban scale, sufficient to impact size of land and 
population with improvements in energy, water, 
and economy. 

LEFT: The City of Amsterdam is typical of many cities 
in promoting livability and investment through 
special enterprise zone incentives, all the while 
improving flood protection and climate actions. 

MIDDLE: Providence RI completed a riverwalk by 
“daylighting” its original waterways as a means 
to mitigate flooding, also creating a theatrical 
stage and city lights where they feature summer 
performances and special downtown tourism 
events. 

RIGHT: We will hear tomorrow from Chris Glaisek 
about Toronto’s many large-scale projects to 
renovate their river and urban shoreline through 
special development districts.
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[10] There are impressive innovations at the scale 
of municipal infrastructure, many promoted as 
“One Water” plans. I cite San Antonio because it 
has remnants still evident of the earliest municipal 
water systems in North America, built by Spanish 
following the Native American practices in the 
region, in which waterway maintenance was a 
shared community obligation. 

In 2012, the Water Environment Research 
Foundation (WERF) recognized San Antonio Water 
System (SAWS) with its Award for Excellence in 
Innovation, for achieving their goal to recycle and 
use all wastewater treatment residuals.

[11] Innovative design tools being developed to 
meet critical urban needs—the following several 
slides illustrate examples from the Rockefeller 
Foundation Rebuild by Design projects, selected in 
a national competition sponsored by U.S. HUD after 
Hurricane Sandy. Resilient Bridgeport is one of the 
awarded projects, being implemented under the 
direction of David Waggoner and David Kooris. 

The goal of Resilient Bridgeport is to rebuild after 
Hurricane Sandy, to mitigate flooding and improve 
urban livelihoods in the Southend community 
of Bridgeport CT. The city is subject to extreme 
weather and flooding, with flood surge coming 
from Long Island Sound, inundation from upland 
and inland flooding, but also from the ground, high 
water table including combined sewer overflow.

[12] Roelof Stuurman, one of many consultants 
engaged in the Resilient Bridgeport project, has 
developed models to simulate the role of the soils, 
either to absorb and hold, or to reject water as 
it finds it way through the total system of land, 
streams and rivers, sewer infrastructure, bay and 
ocean.  
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15 Roelof J. Stuurman Groundwater: Often a neglected constraint in urban planning  Deltares 
Resilientbridgeport.com/wp-content/uploads/2017/... 

SOIL CAPACITANCE 
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[13] This and the concluding slides summarize 
“ways forward” to advance promising concepts of 
urban water systems from research to accepted 
practice. One of the most effective means to 
engage communities are visualizations of all the 
entire hydrodynamic system. These models were 
devised by faculty and students of Yale School of 
Architecture’s Urban Design Workshop, with plastic 
layers indicating the hydrology of Bridgeport CT 
(1) stormwater runoff and upland stream flow, 
(2) municipal sewers and combined sewer 
overflows, and 
(3) coastal inundation.  

[14] Communicating the benefits of water design 
concepts.

[15] Education…This example is the Los Angeles 
watershed, an interactive exhibit at Aquarium for 
the Pacific Long Beach, CA, by Main Street Exhibit 
Design. 
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[14] Communicating the benefits of water design concepts. 
 

 

 
 
 

[16] Two examples define the “place making” role 
and opportunity of innovative water concepts. 
[1] Lewis Cole “Buster” Simpson is a sculptor and 
environmental artist based in Seattle. [2] Herbert 
Dreiseitl is an urban designer and landscape 
architect, director of Rambøll’s Livable Cities Lab.   

[17] The health of the biosphere is the ultimate 
arbiter of how effective our planning and design 
actions will be in moderating climate and weather 
extremes, extending the critical nature of our 
discussions beyond the watershed management 
purview of any one city or region. 

The challenges of severe weather and 
climate uncertainty are both a caution 
and inspiration of the best efforts of our 
creative imagination and science-based 
research and practice.



51

II.
 W

O
RK

SH
O

P 
PR

ES
EN

TA
TI

O
N

S

Innovation in Sustainable Urban Systems        Donald Watson, FAIA Emeritus 
 

 9 

 
 

 
 



52

5. Michele Adams
Meliora Environmental Design 
LLC

Innovation in 
Sustainable 
Urban Systems: 
Policies to Change 
Practice INNOVATION in sustainable urban systems: Policies to change practice

Michele Adams, PE LEED AP                                 michelea@melioradesign.com

Water Quality degradation: death by a thousand papercuts

Engineer’s motivation: 
Client Permit = Paycheck
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PHILADELPHIA: Green City, Clean Waters

PHILADELPHIA: 143 square miles, 6% water
population 1.6 million, poverty rate 25.7%

CHANGING THE RULES
Stormwater Management and Permitting: Private Property
1. For all projects that disturb 15,000 square feet (nothing 

is grandfathered): 

Infiltrate first 1.5” from all “directly connected” impervious

What is NOT “directly connected” impervious:
1. Green roofs
2. Porous pavement
3. Rooftop, Pavement, and Tree Disconnections

Tree Disconnections
A 100-square foot DCIA reduction is permitted for each 
new tree. This credit may only be applied to the 
impervious area adjacent to the tree.

Redevelopment projects that reduce impervious by at 
least 20%, based on a comparison of predevelopment to 
post-development, are exempt from the Flood Control 
requirement.
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Green City, Clean Waters 2017 (five years in)

• 1073 Greened Acres
• 216 Public Property Greened Acres
• 847 Private Property Acres - redevelopment and grants

Green Infrastructure has become business as usual.
Research needs to inform design and standards.

LAKE GEORGE, NY: LID Certification
Low Impact Development

LAKE GEORGE: Adirondacks, NY, drains into Lake Champlain
32 miles long, ½ mile deep  
12 municipalities 
Population 12,000 (winter) to 50,000+ (summer)

Lake George serves as global example to 
inform sustained protection of 
freshwater ecosystems.
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North has oligotrophic levels (outstanding water quality), 
South has mesotrophic levels (medium water quality).

Water Quality is Changing

CHLOROPHYLL HAS INCREASED 33%
Chlorophyll is an important indicator of overall water 
quality health because it measures algal growth in the lake. 
Algal growth is driven by nutrient loading. 

• Protect Resources
• Build Differently
• Restore Ecosystems
• Maintenance

Metrics of Performance
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Platinum LID 
Certification 

85-100 
points

Gold LID 
Certification

70-84 
points

Silver LID 
Certification

60-69 
points

LID Certified 
Landscape

30-37 
points

CERTIFICATION 
LEVELS

LID Certification System
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• Pedestrian Friendly Campus
• Maintain maximum stream 

corridor protection
• No net increase in 

impervious cover
• Redevelopment moving 

parking lot away from lake
• Install gravel pavement test
• Install tree wells

• Pervious Pavement Parking 
Lot

• Soil Protection Plan
• Dark Sky Compliance
• Organic landscape 

maintenance
• Grass Overflow Parking
• Electric Car Charger
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• Two Municipalities have 
adopted LID into their Municipal 
Plans

• Developers are being asked to 
provide their LID Rating

• Greater Public Understanding

Just This Year 

Salt Reduction

Wastewater
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Management 
Prioritization 
Algorithm based on:
• Site Suitability
• Existing System 

Evaluation
• Algae Sampling
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6.  Emily McKinnon and 
Jason Strangland
SmithGroup

Ecology of Urban Waterfronts: 
Case Studies and Emergent 
Trends

THE STARTING POINT…
STORMWATER PONDS & SHORELINE REVETMENTS

National Perspective 
• 2015 Academic Research Study 

– 14% of continental US 
shoreline armored (>14,000 
miles)

• NOAA Projection – 1/3rd of 
nation’s contiguous shoreline 
anticipated to be armored by 
year 2100 if current rate 
continues.

Taking a Harder Look at our Lakes
Developing structures that result in hardened shorelines that serve a single purpose.  

Great Lakes Perspective
• 98% of Lucas County (western Lake Erie) hardened and armored
• As much as 83% of US Lake Erie Shoreline protected / hardened.
• St. Clair, Detroit and Niagara Rivers have 44 – 70% of shoreline artificially hardened.

Emily: An urban upland

Because we have hardened too much of our 
shorelines over the generations, our challenge is 
to reclaim our shores both for their environmental 
values and services, and also to provide new urban 
amenities and public uses. We present three 
different examples of restoration and renewal, 
first an urban upland solution, then a shoreline 
solution, and a third example that blends these 
approaches in an urban setting. 

...our challenge is to reclaim our shores 
both for their environmental values and 
services, and also to provide new urban 
amenities and public uses. 

3 smithgroup.com

Sustainable Design – A Metric Based Approach

Society Ecology

Economy

Human Spirit

1. Develop a holistic, 
interdisciplinary 
approach to 
sustainable site design

2. Develop a site 
sustainability metric(s)

3. Integrate elements of all 
four attributes in our 
designs
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Case Study – William G. Milliken State Park
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Case Study – William G. Milliken State Park
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Case Study – William G. Milliken State Park
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Case Study – William G. Milliken State Park
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Case Study – William G. Milliken State Park
The first example is Milliken State Park in 
Downtown Detroit, a six-acre park, replacing a 
sheet pile-edged hardened river edge. In Detroit’s 
early days, it was a functioning coastal wetland, 
filled in for industrial use. It is now converted into 
the first urban state park in Michigan’s Department 
of Natural Resources (DNR) state park system. 
The catalyst for the project was to reclaim an 
abandoned industrial site with a river walk and 
plaza to activate for urban residents and visitors. 
We added a wetland that captures runoff from 
about 12 acres of adjacent developments, within 
multi-tiered treatment that includes deep-water 
wetlands, emergent wetlands, and braided channels 
as a diverse ecosystem.

One of the project’s most important elements was 
community inclusion- educational opportunities 
and a welcoming experience to the broad 
community. There are interpretive elements, in 
particular, how the wetland can help with urban 
carbon sequestration, reducing the heat-island 
effect, as well as to provide wildlife and aquatic 

habitat. The first phase was completed 10 years 
ago. We are now extending the park to replace 
an adjacent mown grass area to create additional 
stormwater treatment, improving aquatic habitat, 
while providing additional recreation in the 
downtown.
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THE GREEN | GRAY SPECTRUM 
NOAA & USACE SYSTEMS APPROACH TO GEOMORPHIC ENGINEERING (SAGE)

Living Shoreline | Nature Based Shoreline | Open Coast Environments

CASE STUDY:  EUCLID LAKEFRONT IMPROVEMENTS
EUCLID OHIO

 6% of shoreline 
publicly accessible

 1 community beach

 2 public access points 
to lakefront

 20 years of waterfront 
planning

 Downtown 
revitalization 
beginning 

EUCLID’S P3 LEADS | NEW SPECIAL IMPROVEMENT DISTRICTS
PROLIFERATING A MODEL THAT SUPPORTS BROADER BENEFITS

Jason: A shoreline

The Euclid Marina project provides community 
access down to the lakefront. Euclid is about 20 
miles east of Cleveland, with hardly any access 
to the shoreline. The assignment was to do 
something that gains recreational access for 
the community and achieve aquatic benefits, as 
well. The shoreline has been disrespected for 
a long period and rapidly eroding. The site was 
previously hardened, as in the Detroit example, a 
series of rebar and other cages along the shore—
kind of nasty, called a “hot mess”—having lost 
approximately 150 feet of beach as a result of 
hardened shoreline infrastructure.

When we talk about solutions, it is important 
to understand it in a broad context of time and 
place. The challenge of this project is that the city 
didn’t actually own anything. The city had to go 
through to the state to create submerged land 
leases, and other provisions that allow a larger 
green infrastructure project to move forward and 
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A HOT MESS
DISRESPECTED, A NUISANCE & LIMITED BENEFIT

THE RULES CHANGED…
DISRUPTION OF NATURAL PROCESSES

SHORELINE EVOLUTION CONTINUES
MONITORING THE LOSSES



64

a public recreational asset to be built. We had 80 
to 100 different property owner easements and 
agreements, and then we understood through 
physical modeling to understand the wave and 
water effects. To understand these, we worked with 
[explain how physical modeling was created as part 
of this project] built in Canada. The model of the 
Euclid shoreline as built at [what scale?] in a shed 
the size of a soccer field. Such physical modeling 
allows us to look at the range of water levels; wind 
directions. 

This is an example of a small green infrastructure 
improvement, a biofiltration area right along the 
lake, presently an eroding bluff. Creating habitat 
along an open coast shoreline is challenging due to 
waves, as experienced at the tail end of Hurricane 
Sandy as it reached the Great Lakes, creating 17-
foot waves on our shores. We are experimenting 
with different types of plantings at different levels. 
We’ve created a cobble beach, rather than a sand 
beach, based upon an EPA’s recommendations for 
coastal habitat. 

PROVING IT!
CRITICAL TO DESIGN & PERMITS BUT EXPENSIVE TO DO

Creating habitat along an open 
coast shoreline is challenging due to 
waves, as experienced at the tail end 
of Hurricane Sandy as it reached the 
Great Lakes, creating 17-foot waves on 
our shores. 
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22 smithgroup.com

Case Study – Middlegrounds Metropark
A Metric-Based Approach to Integrated Site Design

Stormwater Quality
Habitat Restoration
Habitat Connectivity
… and others

Surrounding Land Values
Life Cycle Assessment
Proximity to Services
… and others

Walkability / Human-Scale
Promote User Group Diversity
Minimize Construction Impacts
… and others

Access to Art
Historic Resource Protection
Education and Learning
… and others

23 smithgroup.com

Case Study – Middlegrounds Metropark

Emily: A blend of two approaches

Middle grounds is a 28-acre brownfield former 
railroad site near downtown Toledo on the 
outskirts of the urban core. The planning process 
took six years from the master planning with the 
Toledo Metro parks, until it opened. It is next to 
the Anthony Wayne Bridge, a high-level bridge that 
crosses the Maumee River, with dowsnpouts on 
bridge abutments discharging runoff into the site. 
A bridge rehab project required a bridge closing for 
two years. It’s hard to do environmental benefits 
when you’re working on a bridge. 

We integrated the storm water strategy to treat 
runoff from the bridge within the park, and it 
also captures some runoff from adjacent public 
streets. We created an open trough system, that 
acts as a swirl chamber, with rocks sized for energy 
dissipation, baffles for oil and sediment separation. 
One is going to see dirty water here, and trash. 
That’s part of learning what this process is. It 
then discharges into a rock and vegetation lined 

bioswale along the entry promenade. There is a 
series of weirs through that step down and slows 
the water before entering a tiered wetland system 
for the final nutrient filtering. At the outlets, we 
cut in a cove from the Maumee River that creates 
a protected recreational area and small watercraft 
launch.
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24 smithgroup.com

Primary:
Stormwater Treatment Troughs & Trench Drains
• Function: Sediment Removal

• 1st Stage = Energy dissipation
• 2nd Stage = Oil baffle
• 3rd Stage = Sediment settlement

Secondary:
Trench Drains, Bioswale & Weirs
• Function: Initial Pollutant Removal & Infiltration

• 1st Stage = Visual experience through trench drains
• 2nd Stage = Vegetated bioswale with 3 tiered levels 

allow for initial pollutant uptake
• 3rd Stage = Weirs slow runoff to allow further 

sediment removal and promote infiltration 

Tertiary – Tiered Wetland System
• Function: Final Nutrient Removal 

• Wetlands with permanent pools of water 
and aquatic plantings

Case Study – Middlegrounds Metropark

25 smithgroup.com

Construction
5 Contractors + 1 Site => Driven by Funding 

• Anthony Wayne Bridge Reconstruction 
(ODOT Project/Contractor)
– Included Stormwater Troughs, Trench Drains, Bioswale 

and Main Drive Base Course

• Metroparks Bid Package 03 
(Pavilion Contractor)
– Pavilion
– Construction: December 2015 – September 2016

• Metroparks Bid Package 02 
(ODOT Funding/Paving Contractor)
– Transportation Grant: Non-motorized 

improvements (i.e. trails and site amenities)
– Gas Tax: Motorized improvements (parking lot 

and driveways)
– Construction: 

• Metroparks Bid Pack age 01 
(General Site Contractor)
– Site Clearing, Excavation, Utilities, 

Boardwalks/Overlooks, Landscaping 
– Construction: August 2015 - September 2016
– Included SWIF Funding (Ohio EPA)

• City Streetscape 
(Ottawa Street Improvements)
– Improve public access by paving road, providing 

on-street parking and non-motorized connections
– Construction: Summer 2016

Case Study – Middlegrounds Metropark
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– Construction: Summer 2016

Case Study – Middlegrounds Metropark

25 smithgroup.com

Construction
5 Contractors + 1 Site => Driven by Funding 

• Anthony Wayne Bridge Reconstruction 
(ODOT Project/Contractor)
– Included Stormwater Troughs, Trench Drains, Bioswale 

and Main Drive Base Course

• Metroparks Bid Package 03 
(Pavilion Contractor)
– Pavilion
– Construction: December 2015 – September 2016

• Metroparks Bid Package 02 
(ODOT Funding/Paving Contractor)
– Transportation Grant: Non-motorized 

improvements (i.e. trails and site amenities)
– Gas Tax: Motorized improvements (parking lot 

and driveways)
– Construction: 

• Metroparks Bid Pack age 01 
(General Site Contractor)
– Site Clearing, Excavation, Utilities, 

Boardwalks/Overlooks, Landscaping 
– Construction: August 2015 - September 2016
– Included SWIF Funding (Ohio EPA)

• City Streetscape 
(Ottawa Street Improvements)
– Improve public access by paving road, providing 

on-street parking and non-motorized connections
– Construction: Summer 2016

Case Study – Middlegrounds Metropark
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7. Sean Burkholder
Department of Landscape Architecture, University 
of Pennsylvania

Linking Dredging and Habitat 
Creation in the Great Lakes 
Basin
I am a member of an organization called The Dredge 
Research Collaborative, and part of the Great Lakes 
Dredging Team’s outreach committee. Suffice to say, 
for better or worse, we’re going to talk about mud. 

Healthy Port Futures is a current project, funded by 
The Great Lake Protection Fund, currently halfway 
into our three-year project schedule.  Here I outline 
some key challenges of the project up to this point. 

The primary objective of Healthy Port Futures is to 
see sediment management—that is, dredging and 
dredge material management associated with port 
and port operations—as something that can be 
beneficial to social and ecological conditions within 
the basin, as opposed to the degradations that they 
have historically been. We are trying to implement 
methods of natural sediment management, 
leveraging the contextual forces of wave and wind 
energy to reduce costs and to enhance resiliency 
within these places. We use the term passive 
sediment management to describe the process. 

The idea of passive sediment management is that, 
in littoral conditions, sediment is moving around all 
the time, as part of the larger natural processes of 
erosion, accretion and transport. Typical sediment 
management processes either remove or confine 
sediment so that it is no longer part of these 
sediment-rich conditions, thus effectively cutting 
off the processes that sediment once sustained. 
Our project looks at how we can best leverage the 
natural forces of wind, waves, and water to replace 
or augment steps otherwise required in sediment 
management, that is, most typically the mechanical 
and artificially induced uplift, transport, and 
placement of sediment elsewhere. 

Primary Project Objective:

See Sediment Management associated with Ports and Port Operations as Social and Ecological Enhancers as opposed 
to Degraders.  

Project Operative:

To research, design, and help implement methods of sediment management that achieve the project objective while 
leveraging contextual forces to reduce cost and promote enhanced resilience = PASSIVE SEDIMENT MANAGEMENT   

Port Bay, New York                                                                Lorain, Ohio                               Illinois Beach, Illinois                                                              Ashtabula, Ohio

Primary Challenges we have faced:

1. Time
Due to the short time period of funding, particularly when considering the typical timeline of coastal 
projects, demonstrating project implementation within a short number of years is a significant challenge.

2. Risk
In the face of more unpredictable ecological and social conditions, coastal regions are thick with issues 
around security, fear, and risk.  Operating in these contexts requires a vocabulary that speaks to these 
concerns, while allowing for innovative risk-taking. 

3. Capacity
Ports and their associated coastal territories are seldom the subject of design in substantive ways.  Instead 
these have historically been addressed by engineers and ecologists, typically at odds regarding ideal futures.  
Demonstrating efficacy within this disciplinary environment as landscape architects has proven to be a 
continual challenge.

Our project looks at how we can best 
leverage the natural forces of wind, 
waves, and water to replace or augment 
steps otherwise required in sediment 
management...
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on the three-year funding cycle and it is hard 
to get anything built within three years on any 
coast anywhere. The second is risk. We have 
to counter the notion that there’s a lot of fear 
and concern around the uncertainty of coastal 
conditions around the basin. We have to develop 
a vocabulary that addresses these risks, allowing 
for the risk-taking that is necessary for innovation. 
A third challenge is capacity. I am a landscape 
architect and if I may speak generally about my 
field, underwater mechanics of sediment transport 
is very seldom an area of practice. The topic is 
typically addressed with engineers on one side, 
and ecologists on the other, both with different 
ideas about what the future could or should be. 
The capacity challenge requires the demonstration 
of value to both, in addition to the social 
constituents affected by the process.

At Illinois Beach State Park, we’ve been working 
with The Illinois Department of Natural Resources 
on a small pilot project. On a short time schedule, 
our assignment is to start understanding and 
evaluating options that can address the present 
concerns of terrestrial erosion. 

Working with engineers, geologists, and ecologists 
we are working to design a series of subaqueous 
ridges that could provide a modified nearshore 
morphology.  These ridges will provide wave 
attenuation, generate a slower sediment transport 
zone and also provide aquatic habitat. 

Views of the lake horizon are understood as a 
valuable aesthetic amenity, so the ridges are below 
water to avoid intruding on the visual plane of the 
horizon.  This concern also make the consideration 
of large emergent breakwaters less attractive as a 
possible solution.  

An even smaller project is in the town of Port Bay 
on Lake Ontario. There, a bluff and bay geology 
provides eroded material from the bluffs that is 
then transported to create protective sandbars 
across a series of bays. Communities like Port 

Time
Lesson: Diversify

Time
Lesson: Diversify
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Bay have developed around these protected 
bays, so when breaches in the bars inevitably 
occur, damage is usually taken by the waterfront 
residents. 

The sediment management in Port Bay is funded 
by slip fees from the residents, which pay for the 
annual dredging of the channel that provides boat 
access from the bay to the larger lake. It is thus 
relatively easy to get a project in motion by getting 
city, state, county agencies, and local residents 
to buy into the project. As a result, we can start 
changing dredging practices because the town is 
just doing it on their own. The Army Corps is not 
involved, which we have found streamlines the 
work.

Thinking about risk, the next example is the Port 
of Lorain, by comparison a large Army Core of 
Engineers CAP 204 project, including wetland and 
habitat creation through the beneficial use of 
dredge sediments. 

We have been attempting to figure out how to 
contextualize the risk, that is, to put it into local 
and specific terms, so that people understand 
risks directly within particular context. We need 
to convey the idea that not all aquatic plants and 
weeds are harmful or bad, and that sediment 
moving along the shoreline isn’t actually terrible.

Some of these conditions are the result of what we 
did as human beings; others occurring naturally. 
This is a dynamic condition; water levels change, 
and sediment moves around.  None of it is 
inherently good or bad until these conditions are 
contextualized. 

The amount of sediment that historically was in 
this system was vast compared to what today’s 
hardened shores now let erode. So, any notion 
to go back to ideas of a natural past—“all these 
coastal wetlands,” or this sort of thing, or that—
were in fact pre-industrial conditions where a 
large amount of sediment was a significant part of 
natural processes, and that no longer exists.  

•
•

•

Shoreline armoring Decrease in sediment input

Risk
Lesson: Contextualize Risk

Risk
Lesson: Contextualize Risk
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with this history of the place is thus a place to 
start, as is finding sympathetic engineers and 
ecologists who can specifically address local 
conditions. 

We work with engineers to describe existing 
conditions—if waves are the problem, we run wave 
models, to help figure out what the conditions are 
going to be in a particular place. We work with 
ecologists to specify aquatic species and habitat 
requires, all to fine-tune designs to very specific 
spots or very specific places. And so, that’s one of 
the things we’ve been doing here in the Port of 
Lorain. 

Lastly there is this issue of capacity and the 
demonstration of value.  One of the ways we have 
been doing that is either leading or influencing 
a range of the descriptive and analytic models, 
to show proof of concept to the Army Core of 
Engineers, along with Ohio EPA, who we’re teamed 
with (I’m a representative of Ohio EPA at this 
point). 

In the Port of Lorain, we have done a lot of physical 
modeling, both small and large scales. As example 
of smaller scaled experiments, we are looking at 
sediment transport and movement as it related 
to wave energy, and then figuring out ways to 
evaluate how much sedimentation, accretion, 
or erosion is happening based on certain wave 
climates. 

In Ashtabula, we have a question about the 
difference between the sedimentary reality of a 
place, and the desired ecological outcome. The 
Army Corps doesn’t traditionally focus much on 
ecological benefits, but the EPA definitely does 
care, as do we, about creating habitat. 

That’s our job: to propose how to get the best 
quality habitat through sediment management. 
The material that we pull out of Ashtabula harbor 
settles is about 80% silt and clay, so there’s very 
little sand. When it is dumped into the water it 

Capacity
Lesson: Be Tenacious

Capacity
Lesson: Be Tenacious
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flattens out like a pancake. So, if we want to pile the 
material to create terrestrial habitat that extends 
out of the water, and includes anything other than 
Submerged Aquatic Vegetation (SAV), we have to 
figure out ways of getting the material to have much 
higher friction angle than what it settles out to 
naturally. 

We are undertaking this research at SAFL, the 
St. Anthony Falls Laboratory at the University 
of Minnesota, looking at the addition of certain 
quantities of sand and other materials to increase 
that friction angle, so that we can get habitat 
distributions that are acceptable. We can then do 
relatively definitive qualitative iterations of just 
how much habitat can be created, based on where 
and when we place the material within the system. 
We can then start modeling how much upland, low 
marsh, high marsh, SAV and open water habitats we 
get from that system. 

The last thing we do is to make sure we leverage 
the possibilities or the potentials of representation, 
so that the analytic model and its results are clearly 
communicated. 

Our wetland past was sediment-rich.  
So, working with this history of the 
place is thus a place to start, as is 
finding sympathetic engineers and 
ecologists who can specifically address 
local conditions. 
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We created this illustration for the port of 
Ashtabula showing what this wetland could be. At 
the start of the project, the wetland looked like 
what is in the upper left-hand corner, basically, a 
submerged bathtub of mud.  Our initial drawing, 
shown on the right, is what the EPA started 
showing people and it became the shared vision 
that everyone wanted. We finally have agreement 
on a proposed system that is open to wave and 
wind energy and was highly informed by our initial 
design drawings. Our team is assisting the USACE 
ERDC center in the modeling of the placement 
locations to evaluate if wave and wind energy can 
predictably develop a naturally induced complex 
ecology within the site. 

When I say we have to develop capacity, the goal 
for us is to just be tenacious, it is what you have to 
do when you are pushing at the boundaries of your 
discipline but know that you have expertise to offer. 
I don’t know if you noticed, but I get real excited 
about mud, this is what I do with folks all day long.  
Having energy and excitement about your work 
can get you quite far, whether you are dealing with 
communities or state and federal agencies.  
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8. Chris Glaisek
Chief Planning and Design Officer, 
Waterfront Toronto

Port Lands Flood Protection

Located in Southern Ontario, the Don River 
watershed comprises 36,000 hectares (89,000 
acres) of land and conveys up to 412,000 gallons 
of water per second into Lake Ontario during a 
regulatory storm event.  In the early 20th century, 
the river mouth was straightened and put into a 
concrete channel (Fig. 1) with a fixed capacity well 
below that. The river delta, which was one of the 
largest freshwater wetland habitats on the Great 
Lakes (Fig. 2), was then wiped out by landfill to 
support industrial growth (Fig. 3).

Urbanization of the watershed over the last 100 
years (Fig. 4) has greatly increased stormwater 
flow into the river.  This has heightened the risk 
of flooding in an area of 290 hectares (715 acres) 
near the downtown core (Fig. 5). In the mid-1980s, 
the Ministry of the Environment established a 
regulatory flood plain designation that limits 
development in these vulnerable areas, which 
has rendered these lands virtually unusable for 
urban growth. At the same time, water quality has 
remained poor as the surface runoff and combined 
sewer outfall system contribute to untreated 
effluent plumes in the lake after storm events, 
degrading water quality in the inner harbor.

The Port Lands Flood Protection project (Fig. 6) is a 
$1.25 billion infrastructure investment with three 
integrated objectives: flood-protecting the entire 
290-hectare (715-acre) flood plain by constructing 
a new river mouth with storm surge relief 
points; naturalizing the river banks through the 
construction of 30 hectares (74 acres) of functional 
wetlands that will create habitat and help improve 
water quality, and; leveraging the new landscape 
to catalyze sustainable urban revitalization. In 

The Don River Valley

2

1888 Plan for Straightening the Don River

3

Plan of York Harbour

4

Fig. 1: The 1888 plan for straightening and channelizing 
the Don River, completed in 1914

Fig. 2: Plan of York Harbour showing the Don River delta 
before filling in the early 20th century.

The design of the Port Lands Flood 
Protection project resulted from 
a multi-disciplinary international 
design competition to develop an 
integrated solution for flood protection, 
naturalization, and city-building. 
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26 hectares (63 acres) of new publicly accessible 
greenspace featuring a network of new public 
parks along the banks of the new river, as well as a 
series of protected coves with launching points for 
recreational watercraft such as canoes and kayaks 
and other recreational opportunities.

The design of the Port Lands Flood Protection 
project resulted from a multi-disciplinary 
international design competition to develop 
an integrated solution for flood protection, 
naturalization, and city-building. Given the high-
level of public investment required to deliver flood 
protection, it was clear that securing government 
funding for the project would require that it 
address multiple objectives at the same time.  
Flood protection alone, without a city-building 
and development component, would not have 
generated the necessary return on the investment 
to gain political support. Similarly, treating the 
flooding as an infrastructure problem would not 
have secured the support of the conservation 
authorities, which was necessary to the approval 
of the Environmental Assessment. The integrated 
approach allowed multiple stakeholders to buy-in to 
the proposed solution.

The Port Lands Flood Protection project is being 
designed by a team of hundreds of people from 
various disciplines ranging from water resources, 
structural, ecological, civil and marine engineering 
to wayfinding, play and lighting design. Each team 
member plays a specific and important role. This 
team is being led by a landscape architecture firm 
with an inspiring vision that drives the whole team 
towards excellence. This is another innovation, 
as major projects like this are typically led by civil 
engineering firms whose focus tends to be more on 
functionality than place-making and environmental 
restoration.

Industrial Land Created by Lakefilling

5

Urbanization of the Don River Watershed: 1990-2005

6

Present-Day Don River Flood Plain 

7

Fig. 3: Map of industrial land created by lakefilling and 
elimination of Ashbridges Bay marsh

Fig. 4: Maps showing increasing urbanization of Don River 
watershed over 15 years

Fig. 5: Extent of present-day flood plain from Don River 
channel according to Delft modelling results
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Aquatic Habitat Goals and Elements

One of the biggest challenges was designing 
river-connected wetlands in the dynamic flood 
environment, where moving flood waters 
could destroy riverine habitat. Toronto Region 
Conservation, the regulatory body, preferred lake-
connected wetlands, which would have provided 
habitat but not interacted with the ecology of the 
river, thereby avoiding maintenance associated 
with scour and erosion. Project team member 
Inter-Fluve designed the morphology of the river 
corridor to include lake-connected wetlands as 
well as mimic analogue wetland sites with strong 
riverine influence. 

Goals for both the lake-connected and riverine 
aquatic habitat included providing a sheltered 
in-water environment through the use of root 
wads to give fish a staging area prior to upstream 
migration, promoting spawning through 
appropriately sized river channel substrates, and 
increasing riverine, harbour and wetland fish 

habitat quantity, diversity, and complexity.  The 
design also supports terrestrial/aquatic habitat 
interrelationships for amphibians through the use 
of shallow slopes, and promotes nesting, refuge 
and foraging for bird species, thereby creating a 
dynamic food web.  Collectively, these address the 
naturalization requirements of the Environmental 
Assessment while solving multiple challenges.

Natural rivers migrate, constantly changing forms 
and locations within their floodplain, yet the 
project design limits horizontal migration to protect 
infrastructure and public and private property.   
Project team member Inter-Fluve developed 
designs for the surficial ecological elements, which 
include streambed substrate and vegetated and 
non-vegetated bank treatments. The ecological 
elements occupy the top portion of soil and fill 
material, which varies in thickness throughout the 
project area, but is typically 1.5 metres deep. The 
design intent of the ecological surface treatments is 
to provide diverse aquatic habitat in both the active 
channel and the wetlands and to remain non-mobile 
during the 100-year design flow event.

Fig. 6: Port Lands Flood Protection and Naturalization 
plan by Michael Van Valkenburg Associates

Port Lands Flood Protection and Naturalization Plan

8
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the results of the hydraulic model developed by 
project team member LimnoTech. The streambed 
substrate design is based on flow conditions for 
the 100-year and regulatory design flow events. In 
many locations, the proposed streambed substrate 
is expected to remain immobile up through the 
regulatory design event. Areas of the channel bed 
that require more protection to remain immobile 
during the regulatory design event are protected 
by stone treatments. Others will be allowed 
to wash away and require replacement after a 
regulatory storm event.

Large wood elements historically provided 
significant habitat and channel stability to the 
natural Don River channel. Inter-Fluve has 
designed the large wood habitat and stability 
elements for up to the 100-year design flow event, 
including submerged (or partially submerged) 
large wood elements in quiescent wetlands and 
in the active river channel.  Submerged wood 
elements provide fish habitat in the proposed 
constructed wetland areas, as well as cover and 
visual separation for juvenile fish and ambush 
predators. The submerged wood elements consist 
of 1 to 5 pieces of large wood (i.e., logs, logs 
with rootwads, and/ or whole trees), anchored 
with a boulder ballast cable system to withstand 
expected buoyancy forces. Submerged wood will 
not preclude canoe or kayak access during most of 
the year.

The vegetation communities (Fig. 8) associated 
with the proposed naturalized Lower Don River 
channel are designed to mimic river corridor 
vegetation communities observed in analogue 
systems. These broadly include communities 
such as: submergent marsh, emergent marsh, 
meadow marsh, floodplain forest, and thicket 
swamp. Variation across proposed vegetation 
community types designed for the new Don River 
mouth system correlates to anticipated hydrologic 
influences (changes in duration and frequency 
of inundation from river and lake levels). It is 
anticipated that active management will occur 

River Substrate Design

9

Riverine Ecologies

10

Fig. 7: River substrate design consisting of a combination 
of armoured and soft edges

Fig. 8: Section showing different riverine ecologies

Project team member Inter-Fluve 
designed the morphology of the river 
corridor to include lake-connected 
wetlands as well as mimic analogue 
wetland sites with strong riverine 
influence. 
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along the new river corridor to mitigate for lake 
level controls and anticipated high use of the area.
Submergent marsh is an herbaceous plant 
community, both rooted and free-floating, which 
is primarily found in relatively shallow water up to 
3 metres of depth, along the margins of wetlands, 
lakes, or low-gradient rivers. Submergent vegetation 
can form dense beds in low-velocity areas or 
remain sparse in high-velocity areas. Submergent 
marsh plant communities are found along shoreline 
margins and provide valuable habitat benefits for 
aquatic species such as cover, oxygen, filtration, 
and food-web support. Proposed species include 
coontail (Ceratophyllum demersum), grassleaf 
mudplantain (Heteranthera dubia), and hardstem 
bulrush (Schoenoplectus acutus). This vegetation 
community type provides habitat for a variety of 
species including green frog, painted turtle, and 
green-winged teal.

Emergent marsh is an herbaceous plant community 
that occupies the shorelines of rivers, wetlands, 
and lakes. Plant species located in emergent 
marshes are typically exposed above the water’s 
surface for a portion of the growing season and 
can withstand seasonal flooding. Example typical 
species for this community type include sweetflag 
(Acorus calamus), smartweed (Persicara spp), and 
dark green bulrush (Scirpus atrovirens). Plantings 
of broad-leaved cattail (Typha latifolia) are also 
proposed, as the density and coverage of Typha 
latifolia is expected to expand as the project 
matures.  Once established, the height and density 
of Typha latifolia prevents the light from infiltrating 
the canopy to reach smaller, less aggressive 
plants.  The proposed cattail vegetation community 
provides important habitat such as nesting sites for 
waterfowl and muskrats.

Meadow marsh is a groundwater- and hyporheic-fed 
plant community that occupies areas immediately 
adjacent to rivers, lakes, and wetlands. This 
community can withstand seasonal flooding and is 
predominantly characterized by sedges, rushes, and 
forbs. Meadow marsh species are able to typically 
withstand prolonged drought conditions as well 
as brief periods of flooding through adaptations 

such as long root systems and development of 
clumping and hummocks. Example typical species 
include spike rush (Eleocharis obtusa), beaked sedge 
(Carex rostrata), and common milkweed (Asclepias 
syriaca). The designs include the planting of tree 
shrubs including black willow (Salix nigra), speckled 
alder (Alnus incana rugosa), and red osier dogwood 
(Cornus sericea). This vegetation community type 
provides a wide range of habitats for species such as 
the monarch butterfly to the meadow vole.

Thicket swamp consists primarily of shrubs with 
some trees providing canopy cover. These wetlands 
are typically flooded in the spring but dry by late 
summer. Species typical to thicket swamps are 
speckled alder (Alnus incana rugosa), red osier 
dogwood (Cornus sericea), willows (Salix spp.), 
and may include grasses, sedges, and flowering 
herbaceous plants. These vegetation communities 
are typically adjacent to marshes or floodplain 
forests and provide valuable cover habitat due to 
the densely growing vegetation.

Collectively, these habitats are expected to 
contribute to habitat and lake water quality, helping 
to treat an estimated 11.5 billion gallons of water 
per year flowing through the new channel.  While 
this does not fully clean the water in the Don River, 
upstream pollutants are expected to be addressed 
in the future. The Wet Weather Flow Management 
Plan, a long-term infrastructure project that will 
address the challenges of the present-day combined 
sewer outfall system, is underway and once 
completed in 15-20 years will dramatically improve 
water quality in the river and the harbour.

Green Infrastructure Goals and Elements

Given fundamental project goals of flood 
protection and naturalization of the river, the 
riverine management and ecological systems 
were given priority in the design of this project. 
However, an important component of the Port 
Lands Flood Protection project is the creation 
of new infrastructure to service the area once 
the flood protection systems are in place.  These 
include new main roads raised to match the flood 
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Port Lands Flood Protection Project Under Construction

13

Fig. 11: Aerial photo of the Port Lands Flood Protection 
Project under construction

Bio-swale Design for Cherry Street

11

View Looking East from Overlook at Don Greenway

12

Fig. 9: Bio-swale design for Cherry Street and 
Commissioners Street

Fig. 10: Rendering of the completed Port Lands Flood 
Protection project

protection elevation of the Port Lands, new bridges 
over the river, and new parks to service the future 
communities.

The new streets have been designed with Green 
Infrastructure in the form of bioswales (Fig. 9), 
which collect runoff from the sidewalks and store 
and treat it for irrigation of street trees. This 
passive system is expected to handle at least 25% 
of stormwater that would normally end up in catch 
basins. Once the bioswales are full, the remaining 
water is diverted into the city’s stormwater 
treatment system.

The bridges have been designed to reduce 
nighttime impact on wildlife, including the use of 
LED’s, bird-friendly light levels, and orientation of 
lights to meet dark sky guidelines.

The parks have been designed with a suitable depth 
of absorbent topsoil and vegetation to absorb the 
first 25 mm of runoff, with this volume split equally 
between infiltration and evapotranspiration water 
balance components. Grading has been designed 
so that all overland flow is directed to the wetlands, 
which will further treat the water before is makes 
its way into the main river channel.

Conclusion

The Port Lands Flood Protection Project (Fig. 10) 
represents a fully integrated approach to city 
building, using landscape design as the central 
integrator of naturalization, parks creation, flood 
protection, and urban development. While not 
primarily designed to address water quality 
issues, the Port Lands Flood Protection Project 
will contribute to improved water quality in the 
Great Lakes through robust habitat creation and 
responsible handling of stormwater in the public 
realm.  It will also facilitate urban densification 
while promoting terrestrial and aquatic habitat and 
solving a major flood problem.

The Port Lands Flood Protection Project is currently 
under construction (Fig. 11) with an expected 
substantial completion date of 2025.

The Port Lands Flood Protection 
Project represents a fully integrated 
approach to city building, using 
landscape design as the central 
integrator of naturalization, parks 
creation, flood protection, and urban 
development.
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When I wrote this NSF proposal I wanted to set a 
problem to explore and illustrate the power of this 
interdisciplinary gathering, and the problem that I 
set had to do with my observations about working 
in the harbor. If you walk up and down the halls 
outside of this room, you see the result of three and 
half years of the UWM School of Architecture and 
Urban Planning’s take on how to rethink this post-
industrial urban waterfront that we find ourselves 
on. 

Let me first paint a picture that we painted for the 
students as a general challenge of working down 
here.

9. Jim Wasley
Linking GI and 
Aquatic Habitat: 
an Illustrative 
Problem Statement

Milwaukee has a history of doing big things to 
improve water quality. In the 19th century, the 
Milwaukee river was so polluted that we built the 
world’s largest pump to pump water from the lake 
through the bluff, into the Milwaukee river north of 
downtown, and flush the Milwaukee river out. That 
was a significant water quality improvement for a 
feted industrial river of the 19th century. 

If we could do that then, can’t we take some of 
the hundred acres that we’re sitting on, all of this 
industrial land, and think about a way to, say, do 
lake cooling for new development here? 
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Then, instead of pumping that lake water back out 
into the Lake, why not use it to have an irrigated 
wetland perched on the cap that this site will 
inevitably require; large-scale version of what we 
saw at Dockside Green yesterday?

Lots of students played with this idea: ‘What if the 
base for the building was a wetland rather than a 
lawn?’ Why not? We’re capping the brownfield; 
we’re creating an irrigated wetland. We even 
proposed a fish ladder to link it to the Lake and 
create 40 acres of aquatic habitat as the landscape 
for this area’s redevelopment. That project 
received GLRI funding and went through a round pf 
preliminary deisgn. 

M.Arch. THESIS: 
SFS Community Education Center

Kara Dembinski

I’m humbled every time I see the type of 
presentations that we’ve seen this morning. 
It’s inspiring to see people who are doing this 
integrative work. The bottom line is that we have 
all of the pieces of the puzzle right here in front 
of us; all of these things have been done. Here in 
Milwaukee, we’re just not thinking of applying them 
at scale. 

The bottom line is that we have all of 
the pieces of the puzzle right here in 
front of us; all of these things have been 
done. Here in Milwaukee, we’re just not 
thinking of applying them at scale. 
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With that as a big idea, let’s talk about what’s really 
going on here. These are projects that I was inspired 
to write this illustrative challenge question about. 

If you look hard, you can see a small wetland here. 
This Grand Trunk Wetland is the last acre or so 
of what was once hundreds of acres of wetlands. 
This whole area was a half mile by two-mile-wide 
wetland before European colonization. The last little 
remnant is being restored by the DNR there, right 
now. At the same time, the City and the sewage 
district see the opportunity to disconnect some of 
the adjacent properties from the combined sewer 
and run that stormwater through this site. 

The question is, can we put the disconnected 
combined sewer water into this million-dollar 
wetland restoration without trashing the place? 
How do we make the stormwater help the wetland, 

rather than degrade it? The same thing’s going on 
on much larger scale here in the KK River corridor, a 
channelized urban river that’s being re-naturalized.

The same thing is going on to some degree in the 
filling of the Burnham Canal. That’s a superfund site 
where the canal is being filled, and then turned into 
a wetland environment. The question is, are there 
going be opportunistic disconnections from the 
adjacent combined sewer into it? There are already 
outflows from the CSS into it that need to be re-
engineered.  

The same thing’s going on up here at the Lake Park 
Lagoon. The lagoon with the swan boats, which 
I never even realized drains a chunk of Prospect 
Avenue on the bluff as well as Lake Drive down 
below. It turns out that this romantic landscape 
is a big stormwater pond that’s got a toxic algae 

Grand Trunk Wetland

Kinnickinnic River 

Greenfield Slip

Burnham Canal

Lake 
Park 

Lagoon

CSS Opportunistic Disconnection 
Catchment Area

Stormwater Filtration

Aquatic Habitat Creation
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The Greenfield Slip CSS Disconnection 
and Aquatic Habitat Raft Project

problem, and even though it’s all man-made 
fill in this Olmstead designed park, 100 years of 
sedimentation has lined it like a bathtub, and it’s 
completely disconnected from the Lake. 

Hat’s off to Neal O’Reilly back in the back, who is 
working on this project. The county now has a plan 
to try to connect the Lagoon back to the Lake to 
promote fish habitat. This raises the same question, 
then:  How do we manage the stormwater? How 
do we clean up the fact that this is really just a big 
stormwater basin, and promote its habitat function 
at the same time?

Looking at all of these things together, I’ll focus 
on the one I proposed, which is the least likely to 
happen so it’s the least controversial. The fountain 
that you saw yesterday, Freshwater Plaza, is part 
of a five-acre development. The big idea is the 
disconnect all of that, which is part of the combined 
sewer, and feed it into the back of the Greenfield 
slip, which is where the boat was docked last night. 

It’s incredibly tight space. Here, a pipe would 
come through the railroad embankment. How do 
we clean 10 acres of stormwater, and then create 
aquatic habitat at the same time without those two 
things colliding with each other?  

limiting the space even further. How do we clean 
the storm water, have that as a distinct process, 
and then create some kind of habitat feature at the 
same time? Can we marry these things? 

Finally, all these things seem like incredibly difficult 
and singular problems, but if we see them together, 
is there a bigger strategy; is there a bigger system 
that we’re creating? 

Back to our very first question: How do we get 
beyond making random boutique ecologies and 
create something at scale, with the ability to 
actually improve the ecological diversity of the near 
shore environment?

Now let’s talk about the goals of this break-out 
session: 

Question 1: “Identify opportunities for and barriers 
to improving integrative practices for creating 
sustainable urban water systems. How do we 
address those barriers to best protect and utilize 
water resources?” 

Target systems could include urban river mouths, 
urban watersheds, aquatic systems, everything 
we’ve been talking about.

For instance, how do we best link urban stormwater 
management goals with aquatic habitat creation 
to make the most of the land/ water interface? 
What science is needed to set standards? What 
water quality technology is needed to clean the 
stormwater? What future monitoring technology 
would verify the performance? What larger value 
propositions can justify this amount of attention 
paid to such small projects?

That’s this morning in a nutshell, which we see as 
a focused conversation about these projects. This 
afternoon, we’ll talk even more broadly about other 
sustainable urban water systems. With that, I think 
we can have a very quick coffee.This is the second iteration of the design, once the 

tank farm decided they would not collaborate. They 
wouldn’t even let us work on their half of the slip, 
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10. David Rankin
Executive Director, Great Lakes 
Protection Fund

The Critical Role of 
Finance in Reimagining 
Urban Water Systems

“What brought Europeans to the Great Lakes?” 
I pose this question, stepping back nearly 500 
years because our urban water options today are 
dependent upon the nature of prior investments 
in urban spaces. Those investments reach back 
centuries. Sure, we came for beaver, but what was 
the invention that drove the placement of European 
settlements along Great Lakes shores and rivers, 
and trade with the first nations? It was the Limited 
Liability Corporation, created by the Dutch in 1620. 

The corporation  was perfected by the British, who 
in 1670 built the Hudson Bay Company, a limited 
liability charter written by King Charles granting 
his cousin, Rupert, Prince of the Rhine, with the 
exclusive authority to do anything they wanted in 
the Hudson Bay drainage. The only risk they bore 
was their investors’ money…no additional liability. 

The Limited Liability Corporation opened up 
the New World. It facilitated discovery and 
innovation, along with a host of nasty unintended 
consequences. This financial engine drove the 
export of beaver and other natural resources 
from this continent back to Europe. Corporations 
provided the capital for, and shaped the form of, the 
region’s first European-style settlements.

2

In any thinking about urban water 
systems, finance needs to be at the core 
of the design.
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Fast forward about 150 years, the next thing that 
drove urban centers in our region was canals. The 
financial innovation that drove canal construction 
and their traffic and in particular the Erie Canal was 
public finance through private bonding. DeWitt 
Clinton, the off-and-on Governor of New York, had 
the vision of the Erie Canal ever since he was Mayor 
of New York City saying, “If only I can connect 
Albany and Buffalo, somebody’s going to get rich.”  
He made it happen by $7 million of publicly issued 
debt from 1815 to 1817 to connect the Hudson 
River with Lake Erie. Thomas Jefferson thought 
Clinton was crazy, contrasting a $7 million ditch with 
the  $15 million purchase of the entire Louisiana 
territory in 1803. In both cases, public entities 
borrowed money from private parties to undertake 
projects for public benefit.

The Erie Canal paid itself off within twelve years 
because it reduced the cost of shipping a ton of 
goods from Buffalo to Albany from $100 a ton 
to $20 a ton. Tolls on the canal paid for itself. 
Along the way, the sleepy trading posts of Detroit, 
Chicago, Milwaukee, Muskegon became big, 

vibrant waterfront cities. As the port cities grew in 
size, population, and industry, questions much like 
those we address today were first asked: “How do 
we begin to manage the negative consequences 
of growing populations on the things we need to 
live, like, fresh, clean water? How can we get the 
investment required to build the systems to serve 
our cities and citizens?” 
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They did it in Manhattan: The Manhattan Company, 
formed in 1799, to provide clean water to the 
wealthy in Lower Manhattan. The poor were on 
their own.  Sound familiar? The local water industry 
was first private, and over time transformed to 
public utilities, in response to a series of federal 
laws and state laws, but their form and much of 
their function, was driven by finance. 

What does this have to do with our topic today? In 
any thinking about urban water systems, finance 
needs to be at the core of the design. For you 
who want to take this initiative forward, one word 
I would take out of your vocabulary is “funder.” 
That word has lost meaning in our conversations. 
Sometimes “funder” means “a provider of capital.” 
Sometimes “funder” means “somebody that’s 
getting a bill.” Sometimes “funder” means “a 
ratepayer.” Sometimes “funder” means “somebody 
paying a fee or a tax.” Those meanings are all 
different. The dollars they describe are not fungible. 
They’re not exchangeable. This language is for 
people doing one-off projects. However, that 
approach doesn’t scale—it’s not system-based. 
You’ve got to embrace the entire water system, and 
that means including finance in the design of the 
work. You’ve got to think about how these things 
pay for themselves. If you need a “funder,” your 
design is incomplete.

For our region, we’ve got to think about how we’re 
going to grow our $6 trillion economy. We’re poised 
to be the place that attracts people in the coming 
decades. We’ve got to think about how we build a 
welcoming place for people that want or need to 
come and work here? That’s a different mindset 
than we’ve had since—I don’t know—perhaps 
the Northwest Ordinance of 1787. Projects we’re 
talking about have far more than a 50-year useful 
life. Water infrastructure projects underway in my 
neighborhood are going to be paid for not only by 
my daughter, not only by her daughter, but also by 
her daughter’s daughter. 
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So… What Should We Do…
» We need to set the stage for growth- $6 trillion+++ 

– post regulatory and post compliance

» There is no such thing as a funder, only owners 

» Finance is a design feature— not a gatekeeper

» This group should incorporate finance and investment 
expertise:
– real options analysis
– financial engineering
– lead, drive systems change, build a new world

7

How do we include finance experts as 
part of the design team? We are talking 
about using real assets to produce real 
value in the future.

We are channeling significant revenue to build 
systems that affect two and three generations 
ahead. Yet, we are acting as if we are trying to 
solve problems from the 1950s. How do we include 
finance experts as part of the design team? We are 
talking about building real assets to produce real 
value in the future. The conversation we need to be 
having is not what does it cost, but what’s the real 
option value of the assets we’re creating? How do 
we make them adaptable? How do they do more 
than help solve affordability problems—but create 
social, environmental and economic wealth? 

That’s a conversation that we simply do not have 
as yet in the water space. It’s going to take some 
additional people in this room. You have a chance 
to build that. Financial engineering is every bit as 
important as the “real” engineering. 

This is exciting. Our region has a genuine chance to 
lead, and you are the group to get us started. 

Thank you.
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11. Patrick Lucey
Aqua-Tex Scientific Consulting LTD

Proper Ecological Functioning 
Condition

Good afternoon. I’d like to take us back to what 
David Rankin was talking about just before lunch 
where he took us back to the year 500. I’d like to 
take us back to the year 1900. At that point there 
was approximately one to one and a half billion 
people on the planet. Human societies were 
primarily agricultural. The industrial revolution, the 
chemical and physics revolutions were beginning 
to change the way we structured ourselves. The 
mass exodus from the hinterland into emerging 
urban landscapes was slowly beginning to reshape 
the historical relationships humans had with the 
planet’s natural capital and the ecosystem services 
that capital provided the biosphere.

If we jump forward 100 years and consider the 
20th Century, one view of the past 100 years is it 
was really a century of quantum mechanics. One 
can make the argument that Einstein’s four Annus 
Mirabilis papers of 1905: the existence of the 
photon (establishing the foundation of quantum 
theory), Brownian motion, special relativity, and 
Mass-Energy equivalence (E=MC2). His 1918 
paper on a general theory of the process by which 
atoms emit and absorb electromagnetic radiation 
(the basis of lasers (stimulated emission) that 
shaped the development of modern quantum 
electrodynamics), have fundamentally changed the 
trajectory of human history. I would argue that you 
can draw a transitional line between the period 
1905 / 1918 such that human history before that 
period—perhaps a 60,000 year epoch—was a time 
in which our species’ understanding of materials 
science was based upon trial and error. 

While human society is struggling 
to manage the dwindling freshwater 
supplies that are the basis for the 
health and functional condition of our 
agriculture and our towns and cities, 
the accelerating loss of the planet’s 
wildlife—the natural biological 
diversity of the biosphere – is now 
threatening global economic systems…
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expanding ability to understand how the universe is 
fundamentally structured. This has provided us with 
a new era of materials science and the capacity to 
create new products that have reshaped human 
existence, society, and our relationship with the 
natural world and the ecosystem services that 
natural capital provides to sustain the biota of the 
planet. A useful insight into this era is provided in 
Stuff Matters: Exploring the Marvelous Materials 
That Shape Our Man-Made World by Mark 
Miodownik, 2013” 

During that 100 years we had a number of crises. 
The crises began to increase in severity as our 
ability to essentially mine the planet increased. 
While the century of the molecule and quantum 
mechanics is continuing, this really is the 21st 
century of integrated design. I would point out that 
we are right here. (Slide 1). This is a diagram we put 
together in 1985. We were just about spot on with 
the timing, depicting freshwater becoming a real 
issue in the early part of the century. 

We are on the cusp of the extinction challenges 
facing wildlife, that is, those species whose life 
cycle we are not managing for human benefit. 
While human society is struggling to manage 
the dwindling freshwater supplies that are the 
basis for the health and functional condition of 
our agriculture and our towns and cities, the 
accelerating loss of the planet’s wildlife—the 
natural biological diversity of the biosphere – is now 
threatening global economic systems, leading to the 
destabilization of human societies. 

When we created this risk profile in 1985 we 
anticipated that the wildlife loss-based threat would 
occur perhaps 30 or 40 years after the freshwater 
crisis. It appears now that projection was too 
conservative and the consequences of that loss 
of wildlife (the physical structures of micro-and 
macro biota, the natural capital) may occur sooner, 
perhaps in the next 10-20 years. 

And I would suggest that while the 
century of the molecule and quantum 
mechanics is continuing... this really is 
the 21st century of integrated design.

Slide 1
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The “Tamelife” term used in the profile comprises 
all those plants, animals, bacteria, viruses, fungi 
whose life cycle, or some part of that life cycle 
that we have “tamed” and manage to benefit 
our species directly – primarily the products of 
agricultural and aqua-cultural production, forestry 
activities, and pharmaceuticals. Thus, the threats to 
wildlife, especially to the micro-biotic component of 
that media, present a risk that the media in which 
we produce the vast majority of our food—soil and 
fresh and marine waters—will lack the ecosystem 
services essential for the tamelife’s existence.

(Slide 2) This slide shows what the planet looks like 
to an astronaut looking down on us at night. It’s 
a composite photo that indicates the majority of 
human settlements, revealed by the lights of the 
towns and cities during the night. In this inset we 
can see the increase in population over the 20th 
Century. 

This nighttime image reveals the trend that over 
the coming century the UN projected increase in 
population—a recent publication in Science noted 
that the world’s population is likely to grow from its 
present 7.2 billion to 9.6 billion in 2050 and to 10.9 
billion in 2100 —will live mostly in cities, meaning 
that over the next 80 years, this image will add 400 
and 616 new cities the size of Milwaukee.

Our challenge is both the combined issues of 
population growth and the resources to meet the 
basic expectations of these yet unborn humans 
and the pressure of those expectations on the 
freshwater, wildlife and eventually tamelife 
resources required to sustain them. The question is, 
can we fix this? Because almost everybody making 
up the 2.4 to 3.7 billion new human inhabitants is 
not going to live in the west—They are going to live 
in the third world. 

(Slide 3) This is a photograph taken in Florida. The 
individual who owned this SUV was a bit late for a 
flight that he didn’t make. What I’m arguing is that 
the challenge of the 21st century is essentially about 
integrating water, energy, resources, food security, 
and natural capital, all in the context of a change in 
climate. 

Can	we	fix	this?Can we fix this?

Do we have a 
choice?

21st Century 
Challenge

Water + Energy + Resources + Food Security +
Natural Capital = Adaptation to a Changing Climate

What I’m arguing is that the challenge 
of the 21st century... is essentially about 
integrating water, energy, resources, 
food security, and natural capital, all in 
the context of a change in climate.  

Slide 2

Slide 3
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history of 3,700 years of engineering, the temporary 
transition through 30 or 40 years of environmental 
engineering, to a new design mode of “governed 
and engineered ecology”. We need to move into an 
eco-mimicry design mode.

The structures shown here are all stormwater, or 
what I prefer to describe as rainwater management 
structures all within 200 meters of each other in 
Victoria, the community where I live in the West 
Coast. My question to you is which one would you 
like to live beside? So, it really is, as we’ve heard 
today, balancing development on ecological stability 
(Slide 5). 

So, the question that I, and my students and my 
colleagues, are asking is: Can ecosystems services 
be valued in a free market economy? And what 
happens if we cannot establish their value? (Slide 6)

Valuing Nature’s Infrastructure

Conventional
(Engineering)

Babylonian – Roman
3700 yrs BP

“Green”
(Environmental
Engineering)
1970 NEPA

Ecological Approach
(Governed & Engineered 

Ecology™)
Resource Recovery

21st Century

SWM vs. RWM

Eco-mimicry

Balance 
development 
on ecological 

stability 

Integrated Resource Management

When we focus on the 
foundation we expand 
the capability of the 
values

Q –can ecosystem services (Natural Capital) be 
valued in a free market economy?

[Bruce	Sampson,	VP	of	BC	Hydro;	World	Business	Council	
on	Sustainable	Development]

What happens if we cannot establish their 
value?

Slide 4

Slide 5

Slide 6



92

I’d like to walk you through a couple of projects 
where we’ve done this over the last 15 or 20 years. 
The first is an agricultural facility (Slide 7). In this 
image we see an aerial photograph of the historical 
ditch, pretty typical on farms. We wanted to move 
that ditch laterally to the edge of the property 
and regenerate the ditch into a proper functioning 
stream. That’s what it looked like over a 15- or 
20-year period (Slide 8). So, that was when it 
began, and this is what it looked like as the riparian 
community evolved. This was taken just two 
months ago. 

If we look at what happened over a two-decade 
period, we see that the riparian plant community 
has matured, creating significant habitat, 
sequestering significant qualities of fixed carbon, 
and establishing financial gains for the farmer 
and the community. We have had the financial 
gains independently evaluated and the ecological 
benefits created about $5 million in net present 
value to the community and to the farmer himself 
(Slide 9). 

Old ditch

New stream

Residential 
development

Residential 
development

August 2000 August 2001

May 2010

2002 FCM-
CH2MHill 
Sustainable 
Communities 
Award

June 2019Blenkinsop*Valley:*Green*Valuation*
Galey Farm Financial Summary 
(PV= present value; red text =negative) 
 
 
Blenkinsop*(Traditional)* Municipality* Farmer*
Installation)of)Ditch) ) ($5,)200.00))
PV)of)Ditch)O&M) ) ($6,)631.69))
PV)of)Vandalism) ) ($1,409,394.46))
) ) )
Total*Present*Value* $0.00* ($1,421,226.14)*
*
Blenkinsop*(Sustainable)* Municipality* Farmer*
Cost)of)Restoration) ) ($375,000.00))
Cost)of)Connector)Trail) ($500,000.00)) )
PV)of)the)Cost)of)Financing) ) ($26,607.17))
PV)of)Pesticide)Savings)
(adjusted)for)the)cost)of)
integrated)pest)management))

) $497,657.18)

Increased)Value)of)the)Land) ) $75,000.00)
PV)of)Potable)Water)Savings) ) $8,548.33)
PV)of)Flood)Cost)Avoidance)to)
the)Municipality)

$765,484.59) )

PV)of)Ecological)Benefit) $12,006.19) )
PV)of)Value)of)Carbon)Stored)
and)Sequestered)

$496.13) )

PV)of)Trail)Connector)Benefit) $3,302,784.65) )
* ) )
Total*Present*Value* $3,580,771.55* $179,598.34*
*
* Municipality* Farmer*
Net*BENEFIT* $3,580,771.55* $1,600,824.48*
*

...the ecological benefits 
created about $5 million 
in net present value to 
the community and to the 
farmer himself.

Slide 7

Slide 8

Slide 9
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(Slide 10) This is Dockside Green, a master 
development in downtown Victoria. It’s design 
is based upon the regenerative adaptive design 
integrating wildlife, water, and energy (Slide 11)...
making water visible everywhere, all based on an 
economic value model (Slide 12). The design was 
based upon a completely closed loop for energy, 
water, sewage, and rainwater. 

Here’s an early photograph looking at the energy 
production facility, the on-site wastewater 
treatment plant, this waterway, and all kinds 
of markets adjacent to the property in which 
recovered resources can be sold (Slide 13). 

Dockside Green: After (Concept) 
LEED™ Platinum Redevelopment

Resource Integration
Water, Energy, Natural Capital

Biomass Energy 
Plant  (heat and 

hot water)
Central 

Waterway 
(reclaimed water 

& stormwater)

On-site Sewage 
Treatment Plant

Hotel: off-site 
energy sales

Regenerative, Adaptive Design

Celebrates water Restores wildlife

Valuation Economics

Problem not enough rain water (dry summers):

Engineered Ecology
Closed loop
Design based on value

Integrative Design Process

Slide 10 Slide 11

Slide 12 Slide 13
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(Slide 14) This is what the evolution of the natural, 
man-made stream looks like over a decade—it 
looks like a wildland stream transported into the 
inner urban core. 

So, imagine owning this apartment on the right 
hand side of the image at the lower right. You’re 
not looking at an asphalt parking lot. What you are 
looking at is that you can step out into a wildland 
stream, within meters of your front door. Home 
owners can step out every Saturday morning for 
their morning coffee, essentially stepping out into 
a Rocky Mountain wildland stream. 

(Slide 15 & 16) This is the 2010 Olympic Village 
(Vancouver, B.C.) to which we provided ecological 
design advice, a master planned community for 
15,000 people, designed to incorporate as much 
green infrastructure as possible. There are very 
extensive green roofs and gardens (Slide 17), 
together with a completely rebuilt the marine 
shoreline creating extensive habitat (Slide 18). 

Southeast False Creek
& the Olympic Village Site

Parcel 10

Millennium Water - SEFC

Sustainable Master Planning – Energy 

April, 2009 May, 2009

August, 2010 June, 2019

Slide 14

Slide 15

Slide 16

Slide 17



95

II.
 W

O
RK

SH
O

P 
PR

ES
EN

TA
TI

O
N

S

Outcomes –partial closed loop design
•Productivity has returned
•Sea water quality improving
•Herring spawning (~75 yrs)
•Whale seen for 2 days (sick?)
•Water fowl returned
•Living laboratory & outdoor 
education
•Model demonstration development

This is actually a municipal or city park (Slide 
19). And that’s what it looked like about four or 
five years later. The ecological, social, and urban 
planning values derived from this community 
development exceeded expectations. We originally 
estimated it would be about 75 years for the marine 
environment to recover. It took two. 

We were then asked to put a team together to look 
at integrating a Dockside Green and Millennium 
Village sewerage infrastructure project for a 
community of about 150,000 to 200,000, on the 
North Shore of Metro Vancouver (Slide 20). 

Central Wastewater 
Treatment Plant Solid Waste

Energy Centre

Central Plant + District Energy

Courtesy S. Salter, Farallon

Slide 18

Slide 19

Slide 20
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We were asked to look at replacing an aging 
wastewater treatment plant, but to take a 
completely integrated design approach. It would 
be a solid waste energy production with a 
wastewater treatment plant. It took the design 
team about 18 months to model all of this. The 
key was a financial model as much as an ecological 
or an energy model. There were 9,000 variables 
in our financial model (Slide 21). These are just a 
few of the elements included in that design model, 
now being constructed. 

The initial design was driven by aging 
infrastructure, lots of sources of waste, and 
markets for reclaimed water (Slide 22). For 
example, there are major bulk loading facilities 
along the North Shore shoreline at which large coal 
trains are washed down with drinking water. In 
the context of a changing climate, the practice of 
using drinking water to prevent coal dust blowing 
off bulk coal cars will certainly be challenged 
by a rising public concern for prudent resource 
management.

About seven years ago, Shawnigan Lake School 
(Slide 23), an independent school, an hour north 
of Victoria, B.C., sought our advice on its long-term 
water management strategy. The School’s students 
attend from grades 8 to 12, representing as many 
as 45 different countries. The School has been 
operating for 103 years and they have been looking 
for a vision to carry them into the 21st century. The 
School is exploring the notion of “What the School 
would like is for every single student that leaves 
this campus to know one thing – the vital role 
that freshwater plays in the maintaining a healthy 
planet.”

Sources 
of waste

Ageing 
infrastructure

The Search for Opportunities

Markets for 
reclaimed water

Space for 
facilities

Markets for
energy

Courtesy S. Salter, Farallon

Shawnigan Lake School – integrate All curricula through 
water; design 100-year water management strategy

Life cycle

Transfer pricing

"Residual"

Operating 
costs

Capital costs

Inputs to the Financial Model

Solid Waste

Liquid Waste

Energy

Water

Materials

GHGs

Phasing

Absorption

Risk

Procurement

Highest & best use & 
value

Airshed

Finance

9,000+ variables
1,800 cash flows

Sinking fund

Capital replacement

Maintenance

Chris Corps MRICS, Sequel IRM Inc. fidelis

Slide 21

Slide 22

Slide 13



97

II.
 W

O
RK

SH
O

P 
PR

ES
EN

TA
TI

O
N

SOne vital question, raised earlier today, was how 
much of the US $16 trillion economy is related to 
water? Well, the entire planet’s economy is related 
to water. That’s the one element the School wants 
the students to comprehend as a core foundation 
concept. The School asked us to think about the 
curriculum so that you link every single minute 
that the student spends here looking through the 
lens of water. In addition, the School wanted us to 
consider what would be required to be completely 
and totally self-contained on the site, to craft the 
elements of a 100-year water management plan.

A similar project of about six or so years ago was to 
put a team together by the provost of a university 
in California (Slide 24). They were planning to build 
a new university adjacent to Palm Springs. They 
thought they had a water management problem 
because they were building the university in the 
desert. The design vision was of a university that 
would focus on teaching and training students 
for the green economy and especially the 
planning and design of green cities of the future. 
We pointed out that what they really have is a 
design problem. We argued that there is a single 
design criterion and that is “the campus is the 
curriculum”. You design the entire campus to be 
100 percent green so that every single minute the 
student spends at that university, all they see is 
what you see in this building here right now every 
day.

Unfortunately, the University President who 
was driving this design vision left. His successor 
announced that, “That design vision a waste of 
time. We already know how to build campuses. 
We’re going to build another new campus just as 
we’ve always done.” I am reminded of an old adage 
“that if you always do what do have always done, 
you always get what you always got”.

Single design criterion:
The Campus is the Curriculum

Slide 24
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Since 1996 we’ve been working with U.S. Federal 
government scientists in the west trying to figure 
out the answer to how do we manage the big 
wildland watersheds. (Slide 25) This is one of the 
manuals that we use to do that. It’s very simple. 
Working with people, on their land, with their 
concerns. Restoring the ecological function of the 
landscape. This is literally the manual of how to 
restore the health of the landscapes on 294 million 
U.S. acres of national forest. (Note 1)

A few years ago, we were invited to help a 
community that is struggling with how to manage 
its long-term water supply. (Slide 26) This is looking 
at an aerial shot of a large reservoir. There’s a dam 
right here built in 1956 by BC Hydro to generate 
electricity. The natural lake has been modified to 
function as a reservoir, which receives a significant 
portion of its annual water from a large glacier 
(Slide 27), a glacier steadily retreating as the 
climate warms—the two adjacent towns receive 
most of its water from this glacier. 

The Region has been informed by the Vancouver 
Island Health Authority that their drinking water 
must be filtered, with the initial cost of building 
a filtration plant being in excess of $100 million. 
That’s about a four or five million dollar a year 
maintenance operating and replacement cost for 
that drinking water filtration plant. In contrast, our 
estimate is that it would be about $500,000 a year 
to manage the entire watershed so that a filtration 
plant would not be required.

White’s Bay

Comox Lake Watershed

• Drinking water for 45,000 residents

• Watershed is 461 km2 - 61% private-managed forest land

• Lake is 2100 ha with mean depth of 65 m

• Watershed Protection Plan April 2014 – April 2016

• BC Hydro reservoir (c. 1912) with 4.5 m drawdown

• Many recreational users

• Watershed protection planning since 2006

• Subwatershed supplies Village of Cumberland

• Unfiltered water supply

• High quality water

Photo courtesy D. Stapley

I am interested in understanding 
the process of natural capital and 
ecosystem services that provides the 
water quality essential for a drinking 
water supply, one that would not 
require a filtration plant, by treating the 
entire watershed as a municipal asset 
management structure. 

Slide 25

Slide 26

Slide 27
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Vancouver Island, British Columbia) We’re 
proposing to lease all the riparian zones from the 
timber company, which owns two thirds of the 
watershed, because we need 100- to 300-meter 
buffer between the creeks and their logging 
activities. The timber company is intrigued by 
this concept because it gives them a completely 
different way of thinking about revenue 
generation. 

So, what have we learned from this? (Slide 29) 
Well, the road we have been traveling on definitely 
ends here. We have learned that you have to 
have a champion, somebody who’s willing to be 
that innovator, that investor, that entrepreneur. 
What we have learned that procurement is the 
key to changing the design and planning process. 
You must be able to not only conceive and design 
it, but you have to be able to figure out how 
you can get it built and that means you have to 
deal with the regulators, the governance model, 
acknowledging that the traditional governance 
structures are designed to prevent innovation 
because innovation is risky. 

Finally, it is all about education. And so, I’m 
reminded of Lord Selborne in England who 
observed, “One can first of all simply wonder at 
the fact that it is only recently that humanity has 
begun to ponder the evolution and fate of water 
in the world when the very survival of our species 
depends upon it.” 

I’m particularly enamored of Einstein’s quote from 
1905 (Slide 30) that, “We cannot expect to be able 
to resolve any of the complex problems with the 
same state of consciousness that created them.” 
In other words, the kind of thinking that gave rise 
to the problem cannot be used to solve it because 
the problem never existed in the first place. The 
problem is an artifact of the way that you frame 
your view of the world. If you step outside of that 
framework, you don’t need to solve that problem. 
You need to solve lots of other ones, but not that 
one because it never had a solution in the first 
place because it didn’t exist! Thank you.

https://www.comoxvalleyrd.ca/watershed

Barriers to 
Implementationn Champion
n Procurement
n Regulatory
n Governance
n Education

“One can first of all simply wonder at the fact 
that it is only recently that humanity has 
begun to ponder the evolution and fate of 
water in the world when the very survival of 
our species depends upon it.”

(Lord Selborne, The Ethics of Freshwater Use: A Survey, 2000)

“ We cannot expect to be able to resolve any 
complex problems from within the same state 
of consciousness that created them.”

(Albert Einstein)

Slide 28

Slide 29

Slide 30
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Questions

Hillary Brown: In your scenario of the watershed 
protections, what are you going to be doing 
differently there than we tried to do in protecting 
New York...the upstate watershed. We spent 
$25 million to acquire all this land and then two 
decades later we had to spend $10 billion.

Patrick Lucey: I think there’s an analogy between 
what happened in upstate New York and this 
particular watershed. The difference being you 
had thousands of landowners that literally own 
right up to and including the creeks. This single 
logging company not only owns the land, but they 
own the bottom of the lakes, the bottom of the 
creeks...they own everything. It’s an 1800s land 
grant that is carried forward. So, the company is 
very interested in the fact that we can give them 
an alternative source of revenue for the trees they 
would normally cut down because we’re going 
to pay them not to cut them down. The rotation 
is about 75 years if we use the same climate 
projections that we have in the past. And so, it’s 
a different way of thinking about managing that 
capital because there’s no way we can expropriate 
without compensating them. We really don’t have 
eminent domain in Canada.

Notes

1. Dickard, M., M. Gonzalez, W. Elmore, S. 
Leonard, D. Smith, S. Smith, J. Staats, P. Summers, 
D. Weixelman, S. Wyman. 2015. Riparian area 
management: Proper functioning condition 
assessment for lotic areas. Technical Reference 
1737-15. U.S. Department of the Interior, Bureau 
of Land Management, National Operations Center, 
Denver, CO.

What we have learned is that 
procurement is the key to changing the 
design and planning process. You must 
be able to not only conceive and design 
it, but you have to be able to figure out 
how you can get it built and that means 
you have to deal with the regulators, 
the governance model, acknowledging 
that the traditional governance 
structures are designed to prevent 
innovation because innovation is risky. 
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S12. Jeffrey Nesbit
Office for Urbanization,
Harvard Graduate School of Design

Third Coast Atlas: 
Four Great Lakes Cities
I am a doctoral candidate and teaching fellow 
at the Harvard University Graduate School of 
Design (GSD) and research fellow in the Office for 
Urbanization, directed by Charles Waldheim. He 
sends his regrets for not attending.  

One of our primary ways the Office for 
Urbanization likes to think of design comes from 
notable economist, Herbert Simon, “The natural 
sciences are concerned with how things are. 
Design, on the other hand, is concerned with how 
things ought to be.” I think we are all sharing some 
of that sentiment here today.  

The Office for Urbanization is engaged in design 
research and innovation to address social and 
cultural conditions associated with contemporary 
versions of urbanization, an obvious topic of 
concern here in this workshop.  Our research 
starts with imagination for the production of 
alternative and better urban futures.  One of the 
things you might see, and I’ll pass around some of 
these cards, we’ve just launched a podcast series 
called Future of the American City sponsored by 
the Knight Foundation. The Future of the American 
City platform convenes conversations about how 
we live, where we live, including an exhibition of 
critical photography and access to design research. 
This year we focus on Miami.  However, this spring 
we are shifting our focus to Detroit, and the Great 
Lakes Basin more generally.  So, we’re going to 
be entering into the conversations around the 
Great Lakes directly, which I can only imagine will 
accompany a wide variety of cities—including 
Milwaukee.  

We tend to think about the aspirations to reduce 
the distance between what we imagine and 

PRESENTATION

Four Great Lakes Cities

WORKSHOP

Synergistic Waterscapes: 
Linking Sustainable Urban Water 
Systems In The Great Lakes 
Basin

VENUE

University of Wisconsin- 
Milwaukee, School of 
Freshwater Sciences

DATE

2019-07-26

Office for Urbanization Four Great Lakes Cities

[abstract]

 
The Harvard Graduate 
School of Design’s Office for 
Urbanization draws upon the 
School’s history of design 
innovation to address societal 
and cultural conditions 
associated with contemporary 
urbanization. It develops 
speculative and projective 
urban scenarios through 
sponsored design research 
projects.

Office for Urbanization Four Great Lakes Cities

[design research]

The work of the Office can be described under the general 
rubric of design research. The School has a longstanding 
tradition of pursuing research through a diverse array of 
methods and media. Faculty members pursue research 
agendas closely associated with the humanities, on the one 
hand, or with the natural, social, or political sciences on 
the other. In addition to those forms of research, faculty at 
the School pursue design research as its own unique form 
of knowing in and about the world. Design research can be 
characterized by its methods and media, as well as by its 
selection of sites and subjects for work and the dissemination 
and reception of its findings. 

“The natural sciences are concerned 
with how things are. Design, on the 
other hand, is concerned with how 
things ought to be.”
   - Herbert Simon
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how we perceive the world.  We generate design 
research and consider our work to be part of the 
design practice.  

What I would like to deliver today is content 
compiled in the book, Third Coast Atlas. This 
publication is an extensive collaboration centered 
on urbanization and water in the Great Lakes 
Basin.  Some of the collaborators are here in this 
workshop, including Sean Burkholder and James 
Wasley. The book is a telescopic survey of what 
we consider a synthetic and natural phenomenon, 
specifically here in these Great Lakes.  It is equal 
parts cartographic compendium, photographic 
record, resource index, urban analysis, ecological 
almanac, and a two-design projection ultimately.  

Third Coast Atlas anticipates the necessity of 
planning by collecting and synthesizing the 
groundwork necessary to produce conceptual 
and practical plans in and around the Great 
Lakes basin. The book uses two lenses—fluid 
ecologies and fluid economies.  One of the things 
we are interested in particularly is how when we 
are projecting urban design into future water 
strategies, there are two principle forces at play—
including the integration of those two forces. One 
being city municipal districts (i.e. stormwater 
management and engineered urban hydrology 
systems) and on the other end, the production of 
aquatic habitat and natural hydrological systems. 
This might seem obvious, but helps clarify 
challenges moving forward in my mind. 

I will begin with the hydrological systems 
perspective, first. The Great Lakes basin is clearly a 
distinctive hydrological system.  It holds over one 
fifth of the world’s surface freshwater. As a sample 
of cities across the basins, here we are focusing on 
the sampling of four Great Lakes cities: Chicago, 
Milwaukee, Detroit, and Toronto. One of the 
successes of this project is the graphic descriptions 
for how we understand information data and 
ecological concern. 

On the left is the Great Lakes waterway. On the 
right, the overall Great Lakes basin.  Because of 

Office for Urbanization Four Great Lakes Cities

Office for Urbanization Four Great Lakes Cities
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this fluid large-scale network, certainly over the last 125 years or so the Great Lakes Region has emerged 
as a center of shipping.  That in turn has catalyzed industrialization and urbanization of the region.  Some 
of the things discussed at our table in this workshop includes migration—the massive migrations of people 
possibly from around the world will extend that form of urbanization.  

Office for Urbanization Four Great Lakes Cities

Office for Urbanization Four Great Lakes Cities

On the left, Urbanization and Hydrology. “Today, over 33 million people live in the Great Lakes watershed. 
This comprises 10 percent of the U.S. population and more than 30 percent of Canadian population. The 
hydrological cycle of these cities - water consumed and water returned- directly impact the environmental 
health and sustainability of the Great Lakes and their tributaries.” On the right, Waterborne Commerce. 
The amount of traffic is indicated by the thickness of the black line. 
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These drawings describe the morphologies of the coasts themselves.  And they seem to be hard edged lines 
that delineate the difference between terrestrial surface and aquatic habitats. But, we know now from the 
great presentations yesterday and conversations this morning that these are clearly not a hard-lined edge. 
The edge will constantly change.  

Office for Urbanization Four Great Lakes Cities

Office for Urbanization Four Great Lakes Cities

Arnos Vale, St. Vincent and the Grenadines
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Office for Urbanization Four Great Lakes Cities

The comparison of America’s predominant coastlines reveals that the Great Lakes coastline is greater than 
the Atlantic or the Pacific, and more continuously urbanized.  For me, that is a significant entry point to 
illustrate the significance of these places and the scale of urbanization.  The urbanized regions delineate and 
produce these economic and political points of interest. 

With Lake Michigan being the only lake entirely in the U.S., what does that mean politically? How is this 
addressed? Does it mean Lake Michigan should be addressed differently than the other lakes that are 
stretched across two different countries?  I haven’t really heard much about the politics of this political 
boundary yet, but believe this should be included in our conversation. Lake Heron with the lesser urbanized 
areas, contains the largest freshwater lake island in the world. Again, there is something to be said about 
the distinctive nature between the variations of these lakes. Lake Eerie being one of the shallowest, also in 
terms of extreme limits, Eerie is one of extreme fluctuations from warm to cold. While, Ontario continuously 
urbanized along the Canadian Coast.  
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Office for Urbanization Four Great Lakes Cities

Above, Land Use Profiles and Metropolitan Morphologies-  “Major urbanized areas in the Great Lakes 
System tend to use their coastal interface in a versatile way that includes all manner of development from 
industrial to recreational. In fact, in increasingly common cases... industrial land use is converting to rec-
reational or urban renewal amenity spaces. Smaller urbanized areas share some traits with metropolitan 
areas but tend to be dominated by single-source industries...” 
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Office for Urbanization Four Great Lakes Cities

The sectional profiles are of interest as well.  I think they share some strategies for illustrating that we 
saw yesterday with the fluctuations of water levels, but also seem to reveal how engineered dredging and 
topographic changes dramatically alter the lake. The processes of urbanization contribute to the variation of 
the lake profiles over a substantial period.  

The hydrological flows and water quality along these waterways comprise 35 percent of the water going 
into the lakes.  Those come from groundwater and so I haven’t heard much...I heard some talk about 
aquifer...replenishing of aquifers and I think that’s an important contribution coming from a designer’s 
standpoint on how to move water.  It’s not necessarily moving it laterally but moving it sectionally.  That is 
also an important approach.  

There are a series of urban profiles with spatial demographics that you can flip through in the book.  I 
won’t go through those in detail, but essentially, they describe how the occupation along these coastlines 
converged and conflicted with the natural abundance of those locations.  

The book also includes the culturally significant features of urbanization across that time-line.  As we move 
into speaking more about the urban history, the network is certainly instrumental in the formation of North 
American cities—some of which are still the continent’s most significant metropolitan areas and with an 
increasing international significance.  
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MUNICIPAL-METROPOLITAN SPATIAL DEMOGRAPHICS

No fewer than twelve major metropolitan areas occupy the coastlines of the Great Lakes. These cities
have benefited greatly from the natural abundance, logistical convenience, and cultural significance of the 
Great Lakes region. These diagrams describe the relative distribution of population density and horizontal
distribution across the municipal limits and metropolitan areas.
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characteristically a designer’s method of analysis. 
The drawings illustrate the configuration of the 
water’s edge, the infrastructural alignment to that 
edge, but even more importantly, the land use and 
the land value that is associated with those edges 
as a way to model forms of both analyses, and 
possibly forms of economic projections.  Thinking of 
Lake Michigan and Chicago coming from design and 
planning, we have Burnham’s City Beautiful plans 
that are significant kind of cultural presence in the 
city. And that certainly has to do with the ways in 
which vegetation and hydrological systems made 
their way through the city.  

With a place like Chicago being a massive 
hinterland, it was not the dense urbanization 
model. It was extra urban, low density, heavy 
industry kinds of things. 

With Lake Michigan and Milwaukee, we can learn 
lots from Jim.  The inner harbor here where we are 
now, grain and brewing industries and certainly a 
rise of freshwater protections seems to be coming 
from right here where we are standing-  a significant 
effort and model for the protection of these lakes. 
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Detroit and Windsor, we all know emerged, as a 
site of auto manufacturing, Fordism and an urban-
economic model that distributed across the world 
through various forms of urbanization. It first made 
its way down to Florida and even to Brazil.  So, these 
economic models and forms of urbanization coming 
from the Great Lakes are being distributed across 
the globe—an interesting scale to consider as we 
mark model freshwater protection and hydrological 
systems.  Can those become models for other forms 
in the world?  We think they should be.  

And then, there are the shrinking cities.  Detroit 
actually is an opportunity to open up public 
imagination.  And we believe that in Detroit, public 
imagination can expand.  We were talking earlier, 
Jim, about the scales of Milwaukee and Toledo 
and all these other kinds of mid-scale cities.  Well, 
that actually might be perfectly ripe for public 
imagination and for a more experimental approach 
to how we perceive these things, culturally.  

In terms of Toronto’s harbor planning, international 
immigration impacts cultural forms into the 
urban fabric, then expands across the Great Lakes 
Basin. There’s an interesting conversation to be 
had.  Of course, with Toronto’s dense growth, 
and the financial capital of the region would be a 
substantial narrative there.  Regarding “prospects”, 
critical correspondence let us say the conditions of 
urbanization and planning with experts include a 
time-line of urban transformation.  I think we are 
hearing that more and more.  It is really a scale of 
time, not solely a spatial scale.  
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The Great Lakes do a significant job at illustrating 
these sorts of distinctive features in the urban 
environment formed by their individual histories.  
If we can think about the natural history of these 
places paired with their material and political 
economies, new perspectives.  

We tend to illustrate to students the importance of 
building narratives of urbanization that include both 
the natural history and forms of economic growth.  
The political forces of that economic growth align 
them with the same scale of focus—an important 
distinction in these Great Lakes.  

In some of the essays in the book, contributors 
give their narrations of these particular cities: 
Chicago by Robert Bergman, Milwaukee by James 
Wasley, and Detroit by the well-known Jerry Heron 
who I admire.  Heron has a particularly poignant 
perspective on Detroit’s history which fueled one 
of my own projects from a number of years ago 
on the Detroit riverfront. The title of the project 
was “Remembering to Forget”.  This could be an 
interesting model if there is hesitation about these 
scales of cities that may not have the financial 
capital or the financial dynamics, but could be 
turned and flipped around. “Remembering to 
forget” some historical perspective. The essay on 
Toronto, written by Richard Solmer, is a fantastic 
piece.  

Essentially, these plans are pulled out as a survey 
of different projects in the region over the last 15 
years.  They offer a design and planning context 
of both the water economies and the affiliated 
industries that no longer drive development in the 
ways that they used to. 

What are the changes in the landscape, not just 
the post-industrial and economic enthusiasm of 
post-industrial sites?  I mean literally the changes 
of incomes and economies better in and out.  There 
is a history of industrial decline, but simultaneously 
an increase of activity, including shipping within the 
lakes through the transfer of iron ore, grain, coal, 
salt, potash and other bulk products.  The book 
illustrates particular projects that are relevant to 
such changes in industry.  

For example, here in Milwaukee the book features 
the Inner Harbor Project and La Dallmann’s 
Marsupial Bridge for example.  In Chicago, some of 
the work we’ve seen with Smith Group and their 
collaboration with Studio Gang along with the 
Urban Labs Free Water District, which is a really 
interesting model in terms of zoning in regulations 
of distribution of an economy locally. Detroit, which 
we’ve talked about briefly, with their riverfront and 
the Heart Plaza winning proposals. Toronto’s West 8 
and DTAH projects.  

I’m going to conclude with a couple 
remarks.  I don’t know if they are necessarily 
recommendations, they’re just sort of thoughts as 
Jim was suggesting—things for us to think about 
moving forward. 

One thought was managed land use.  What are the 
ways in which growth boundaries participate in 
the conversation of hydrological systems, but also 
watershed protection, including the protection of 
natural systems? What do you consider natural, or 
non-natural? I appreciated John Janssen’s honesty 
and willingness to share his experiences with 
novel and native ecologies in the harbor.  It’s very 
refreshing to see how materials of urbanization 

What do you consider natural, or non-
natural? ... It’s very refreshing to see 
how materials of urbanization directly 
impact local ecology; both damaging 
but also replenishing in some cases.
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directly impact local ecology; both damaging but 
also replenishing in some cases.

In terms of managing ecosystems for diversification 
of local biology, one of our lessons learned from a 
lot of this work does not necessarily suggest native 
species. Habitats or biological systems that are 
native to the area do not always provide the best 
alternative for future ecological restoration.  We do 
not really dedicate ourselves to finding the deeper 
history of native species in trying to bring them 
back.  We are much more inclined to think about 
design in which those systems have changed and 
what that might mean for future projections.  

Provide cultural initiatives. We haven’t heard 
much on public events and programming.  But 
it’s a significant feature for how you illustrate the 
importance of these places, both cultural awareness 
and environmental value; not for just focusing on 
the environmental protection, but also the cultural 
programming associated with those places.  

Another interesting conversation we had was 
that as the water levels fluctuate, so too does the 
programming of those places.  What are the cultural 
affects or the cultural images of those places?  How 
does water participate with cultural identity? What 
cultural value do the sites offer and how have they 
changed, or evolved? 

Americans are pretty funny about what heritage 
conservation means.  We often think that there’s 
not much heritage in North America.  And what 
we’ve found with our work around the world is 
to actually to stop and take an outsider’s view. I 
appreciate Dan Egan’s thought about how he was 

gone for 10 years and returned with a completely 
new perspective.  I think that is an important 
perspective to try to maintain.  Restoring the 
historical, while protecting the ecological. 

It’s probably adequate to think about the 
efficiencies of the systems based on redundant 
versions.  If, and when, these kinds of topics can 
insert themselves into the conversation, they 
would capture multiple forms of redundancy, 
both systematic strategy of redundancy and how 
programmatic activities layer into one another. 

A question for all the ecologists and hydrologists in 
the room, but from a designer’s perspective—what 
are the key strategies when it comes to water from 
an urban design perspective?  

The first one is slowing water down.  And that 
strategy is certainly a reduction of flash floods, 
reducing runoff, and limits erosion.  Maybe erosion 
is good.  I don’t know. Sean’s presentation makes 
me think differently about erosion.  Maybe that’s 
something we can talk about.  

The second thing is hold on the surface, but also in 
the subsurface.  And this gets into my earlier point 
about the movement of water not just laterally, 
but sectionally.  The ultimate goal is to absorb and 
replenish water into the aquifers. It is something 
that we tend to follow as fundamental urban 
design strategies integrated with water systems. 

Reference / Images

Daniel Ibanez, Clare Lyster, Charles Waldheim, 
Mason White, editors. Third Coast Atlas: Prelude to 
a Plan (Barcelona: Actar, 2017).

We haven’t heard much on public events 
and programming.  But it’s a significant 
feature for how you illustrate the 
importance of these places, both 
cultural awareness and environmental 
value...
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S13. Steven I. Apfelbaum
Applied Ecological Services

Points of Friction: 
Where Science, Markets and 
Regulations Don’t Align

FRIDAY AFTERNOON July 26, 2019

This presentation explores misalignments between 
what science measures, compared to market place 
expectations and regulations, what I refer to as 
points of friction. These points represent needs 
and opportunities to bring the design criteria and 
regulatory measures up to standards that reflect 
the latest and best science to protect our water 
and land resources of the Great Lakes Basin. I am 
indebted to and want to be sure to acknowledge 
the contributions and expertise of colleagues with 
whom I have worked over the years, especially:

Dr. Don Waller, UW- Madison: Conservation 
Biologist: watershed phosphorus, aerosol nitrogen

Dr. James P. Ludwig, Ecotoxicologist: Great Lakes 
food web contaminant mobility and risks

Dr. Ratan Lal, University of Ohio: soil carbon 
sciences

Dr. Luna Leopold, UC-Berkley: river physics

Friction Point 1: Less restrictive water quality 
standards (e.g., allowable phosphorus discharge 
from sewerage treatment plants) were chosen 
for flow-through systems such as rivers, assuming 
contaminants don’t accumulate and have minimal 
in-transit effect in rivers, and that dilution in the 
larger receiving waterbody would result in minimal 
effects. 

For example, for phosphorus in Wisconsin, we 
are finding that this assumption about flow-
through systems passing materials isn’t accurate. 
Phosphorus has a long-wavelength residual effects 

All of our attempts of fish advisories 
and water quality alerts have yet 
managed to communicate effectively 
about the full complex of decisions 
necessary to create a healthy future for 
the Great Lakes.
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Rainfall, Discharge and P Load and 
Concentration Increases and Trajectory

in the rivers, in the flood plains and in receiving 
waterbodies such as the Great Lakes (and coastal 
Atlantic Ocean). 

Dr. Waller and I have in-press the results from a 
study showing how phosphorus levels now are 
actually higher than the best period that was 
recorded in some of the region’s rivers in the 1990s 
and early 2000’s. And, that phosphorus loads, 
average concentrations and the total discharge 
of water from watershed are now increasing at 
an accelerated rate. Storm intensification and 
increasing annual rainfall suggest that this trend 
will continue. 

Friction Point 2: Changes in land management/
use are occurring rapidly to new forms (e.g., CAFO 
agriculture rather than small family farms). This 
was not anticipated in the formulation of water 
quality standards.

We have also found that phosphorus standards 
are based on average concentrations and not 
total loads. Now, at landscape and watershed 
scale in Wisconsin, the Concentrated Animal 
Feeding Operation (CAFO) criteria for discharge 
of phosphorus and nitrogen—the cumulative 
landscape and watershed impacts that were 
supposed to have been taken into account in the 
modeling and in the design of the regulations—are 
actually not working. 

Friction Point 3: Contaminants that defy watershed 
boundaries, such as aerosol nitrogen, are 
contributing to significant loads in the Great Lakes 
and were not anticipated.

Papers by Don Waller’s team document that 
aerosol contamination is a serious challenge in 
larger watersheds. Because most aerosols are 
addressed through smokestack emission permits 
at the individual discharge points, agricultural-
derived entrained dust and nitrogen and their 
system impacts are not really addressed. Based 
on mapping from Waller’s papers, The Great Lakes 
have one of the highest loads of aerosol nitrogen, 
which are not really being accounted for.

Aerisol contamination dispersal--the problem

Highest loads in Great 
Lakes Region

Aerisol contamination dispersal--the problem

Highest loads in Great 
Lakes Region



115

II.
 W

O
RK

SH
O

P 
PR

ES
EN

TA
TI

O
N

SFriction Point 4: Not Understanding the modulation 
role of soil carbon and global climate. (e.g., 
Watershed hydrology models do not account for soil 
organic carbon changes).

Soil Organic Carbon (SOC) is declining precipitously 
across the planet’s agricultural lands and forestry 
landscapes. Here, in the Midwest, the average 
soil organic carbon in molisols has declined by 70-
90% down to 1.5 to 3%. This matters because soil 
organic carbon is the sponge that holds significant 
volumes of water, anywhere from 12,000 to 60,000 
gallons per acre for every one percent increase (or 
decrease) in organic carbon. USDA has published a 
70-90% loss of SOC in USA.

The loss of SOC equates directly to a loss in water 
holding capacity. This single change in SOC is 
not being accounted for in any of the hydrology/
hydraulic modeling and stormwater management 
planning typically done at the scale of municipalities 
or watersheds. The water that used to be held in 
the soil (some percentage of which infiltrated to 
maintain regional ground water supplies) now runs 
off as stormwater, thus contributing to flooding, 
hydraulic geometry changes and channel instability, 
along with very costly infrastructure impacts, loss of 
life and human safety risks.  

Approximately 40% of legacy greenhouse gas 
emissions are from this deterioration of SOC. 
Improvements in soil organic content are 
inexpensive, scalable and fast and should be one of 
the primary FDR (First tier, Downstream and Related 
entities) strategies in urban, ex-urban and rural 
agricultural landscapes. 

Friction Point 5: Clarity to facilitate scaling of 
regenerative land management practices and 
ecosystem health standards is lacking in regulations 
and markets.

We keep hearing about sustainability and most 
recently about regenerative agriculture. These 
words are used to represent principles and practices 
to improve human health and ecosystem health. 

Restoring Soil Organic Carbon On Earth

Scalable
Rapid and Cost Effective

Durable

Rebuilding Soil Organic Carbon is critical for 
atmospheric and water cycle health on earth
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Poor and impractical and unaccountable definitions 
along with poor regulatory standards (e.g., organic 
food certification standards and the < 1% adoption 
rates by farmers, ranchers) clearly suggest that the 
market is inadequately incentivized. 

Poor incentives exist within the private and public 
financial institutions that David Rankin and others 
have talked about. A fundamental foundation stone 
that is missing that would support the conversations 
we are having at watershed and landscape scales 
is that the points of friction and the design criteria 
to resolve them really aren’t quantified in a 
standard way to think about or integrate these into 
Great Lakes future research. Because of the large 
tributary acreage of agriculture, urban landscapes 
and managed forests of the Great Lakes Basin, this 
would be essential to a successful future. 

Friction Point 6: Economic development, 
biodiversity, and productivity of the land-water 
transition are largely neglected by regulations. 

River mouths represent one of the most diverse 
habitats on the planet. The continuum of feeder 
stream to river, fresh to saltwater river, river to 
lake, river to ocean are being disrupted. The river 
continuum energetics, nutrient dynamics, sediment 
dynamics and the biological interactions are largely 
neglected by regulations and ignored by the 
markets that utilize those landscapes. 

The Clean Water Act is focused on navigable waters 
and wetlands. Land use regulations are focused on 
floodplains/ floodways, steep soil areas, setbacks 
from regulated wetlands, rivers and so on. But no 
regulations ensure management of every drop 
of rain from initial impact to the receiving water 
body. These regulatory gaps include interception, 
infiltration, phreatic zone water movement, and 
flows below a 100-year probability, which is what 
maintains biodiversity.

Friction Point 7: The challenge of managing complex 
systems has haunted all attempts to improve the 
Great Lakes.

Ludwig brought me up to date on where the 
ecotoxicology state-of-knowledge is now 
regarding the Great Lakes. My best summary (and 
understanding) is that “It’s damn complicated.” The 
challenge of managing complex systems he said, has 
haunted all attempts to improve the Great Lakes. 
Not being pessimistic, none of our regulations have 
worked to manage and actually improve the Great 
Lakes measurably, from his perspective as a human 
health specialist and a wildlife health specialist and 
he’s very concerned about that. 

When I asked for his good thoughts, he responded, 
“Where do you start?” The whole range of 
problems: invasive species, nutrients, chemicals, 
legal structures, the countervailing market forces 
that really aren’t providing the incentives and the 
regulations that are in many cases disincentivizing 
good and important ways to do things. 

Legacy contaminants are still concentrated in 
many of the river mouths. In spite of the billions of 
dollars that we have spent trying to clean them up, 
these contaminants still wash from the watersheds 
and continue to concentrate in these areas and in 
near-shore environments. That is showing up in 
ecotoxicology issues with fish and with piscivores 
birds, where the same eggshell thinning problems 
and epidemiological problems and morphological 
problems come and go on a cycle of a decade to 15 
years. 

Chronic exposures, through drinking water and 
consumption of fish measured in sea birds on 
the Great Lakes, have linked immune system 
suppression response issues from waterborne 

... for the billions of dollars that 
we have spent trying to clean them 
up, legacy contaminants still wash 
from the watersheds and are still 
concentrating in these areas and in 
near-shore environments. 
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Shormone and other medical contaminants 
measured in Great Lakes sea birds. He and others 
are observing increasing frequent epidemiological 
problems around the Great Lakes showing up in 
humans.

Friction Point 8: Confusion in the design, 
engineering, and regulatory communities about so-
called “Novel Ecosystems”

Increasingly, landscape architects, planners, 
engineers, regulators are working under the 
assumption that anything that grows must be 
okay and that we should live with these novel 
ecosystems that are now characterizing urban/
agricultural and disturbed settings. This topic 
started as a squabble between restoration 
ecologists in the restoration literature. The friction 
point is that passive adoption of this assumption is 
being accepted now as a “truism.” 

In a submitted (in review in Restoration Ecology) 
paper (Aronson, Apfelbaum and Haney),we have 
documented that this novel ecosystem theory is 
just that. It’s never been tested. It’s never actually 
met the rigors of science. Every example that has 
been elevated as real in the literature resulted 
because of a human decision. The restoration 
ecologists didn’t have the experience or talent and 
chose not to expand their team to include others 
who could help address the issues.

The proponents of “novel ecosystems” have not 
gained the goodwill and financial resources to 
successfully implement the ecological restoration 
changes. We haven’t seen any “novel” systems 
becoming durable when people decide to restore 
such settings. 

Friction Point 9: We are gaining the science 
evidence that “we humans are truly part of nature” 
and depend on it in more fundamental ways than 
previously conceived. Humans, livestock, and 
wildlife do not live in isolation of microbial life in 
local soil systems. 

Increasingly, landscape architects, 
planners, engineers, regulators are 
living under the assumption that 
anything that grows must be okay...

There is fascinating new research from the Healthy 
Urban Microbiome Initiative (www.humi.site) that 
has documented that our exposure to nature really 
matters for our own health, that if we spend an 
hour walking through a parking lot, our internal and 
external microbial flora and fauna is not enhanced. 
In contrast, incrementally as our exposure to 
green systems of increasing biodiversity occurs, 
HUMI research documents we actually exchange 
microbial life with these systems including human 
improvement in our microbial gut.

Questions 

Patrick Lucey: At a recent conference in Victoria for 
arborists, we had two cardiac surgeons attending. 
At first, we thought this was because we had some 
interesting trees. They were pointing out was 
that if you walk through the forest—not an urban 
arboretum, but in a forest—there could be by their 
estimate a 75 percent reduction in cardiovascular 
disease. They’re terrified they’re going to be out 
of business. So, they’re advocating getting rid of all 
forests.

Steve Apfelbaum: That’s not a question, I hope.

Patrick Lucey: It ties in with what you were saying 
about the gut flora. It has always struck me that 
we’ve ignored this microbial linkage to the “riparian 
tube” that goes from our mouth to our anus. We’re 
just not used to thinking about that as a riparian 
zone.

Steve Apfelbaum: I was struck by a similar 
conversation at a meeting for a new group 
called the EcoHealth Network, bringing medical 
professionals together with the ecologists, with 
on-the-ground land management practitioners. At 
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... as our exposure to green systems 
of increasing biodiversity occurs, 
HUMI research documents we actually 
exchange microbial life with these 
systems including human improvement 
in our microbial gut.

their kick-off meeting in St. Louis at the Missouri 
Botanical Gardens some two months ago, I was 
struck by the “potential to finally having a way to 
measure the human connection with ecosystem 
health.” I was searching for answers to why we 
need healthy ecosystems and how to communicate 
this need. After the talk by the Australian and UK 
genomicists, I questioned the science: How do 
you dose people with nature? And how do you 
know what the antecedent conditions are in each 
person? And how do you in a standard way do that 
experiment in the real world? 

I’m fascinated by again having another way to 
get at the human and ecosystem/watershed 
and soil health nexus. All of our attempts of fish 
advisories and water quality alerts—beach closures, 
phytotoxin alerts, and so forth—have not yet 
managed to communicate effectively about the 
full complex of decisions necessary to create a 
healthy future for the Great Lakes. Perhaps, this 
is an ultimate Friction Point worthy of focused 
consideration.
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S14. Robert Zimmerman
Zimmerman Environmental LLC

Restoring Nature from the 
Groundwater Up

Slide 1: This is the Massachusetts Water Resources 
Authority sewer system and service area for 
Boston. It serves 2.3 million people. On the right-
hand side, read down through the consequences 
of the system and most any such system across the 
world. In Boston, 300 million gallons of wastewater 
are collected and treated daily. Approximately 
half of that volume is not wastewater. It belongs 
in the rivers and streams of the Commonwealth 
of Massachusetts. The conventional design of 
stormwater conveyance systems is the number 
one cause of drawdown of instream flow in urban 
areas. 

The plant cost $4 billion in 1990. It is brand-new, 
relatively speaking. Its design life runs through 
2020. The bonds for that initial borrowing will 
be retired in 2038. MWRA started borrowing 
another approximately $2.5 billion to recondition 
and rebuild the plant, extending its design life, 
but also extending its debt obligations. No 
private enterprise would undertake this sort of 
“investment.” That’s why authorities and cities and 
towns have to build the systems. 

About 20 years ago, having recognized the 
environmental and financial burdens that 
enormous centralized systems cause, it became 
clear to me: What we needed to do was to 
come up with a way of abandoning centralized 
wastewater treatment as quickly as possible. 
However, the only way to abandon such systems is 
to pay for the new systems while also retiring the 
debt of existing systems. Otherwise the move to a 
new approach and new infrastructure is dead out 
of the gate.

• Collect and Treat 300 MGD

• Approximately 50% I/I

• Overwhelmed by 2” or greater 
rain: CSOs, flooding

• Groundwater depletion, low 
drought resilience

• Urban water delivery/wastewater 
collection single largest cause of 
low instream flow year-round, 
critical in summer and fall

• $4 Billion WWTF in 1990, debt on 
initial bonds paid 2038, new 
borrowing to rebuild started 2 
years ago

...the only way to abandon [centralized 
wastewater treatment] systems is to pay 
for the new systems while also retiring 
the debt of existing systems, otherwise 
the move to a new approach and new 
infrastructure is dead out of the gate.
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Slide 2: Welcome to Community Water and Energy 
Resource Centers. We call them CWERCs (“quirks”). 
CWERCs mine existing sewage infrastructure, 
breaking wastewater up into distributed 1 to 5 
million-gallon units depending on the diurnal 
flow in the wastewater pipes nearby. We can 
reclaim the water for sale, mix the organics in 
the wastewater with food waste in anaerobic 
digestors, turning that into methane to power 
a generator. About 40 percent of the renewable 
power generated is used parasitically by the plant. 
The rest is available for sale. 

The third utility generated by CWERCs is thermal 
energy. The reclaimed water has a temperature of 
about 65° Fahrenheit, about twice the energy that 
groundwater has in a geothermal system. Using 
co-generation from the electric generation system, 
the heat in the water can be raised to as much as 
185° Fahrenheit. That energy can be used to heat 
and cool surrounding buildings, eliminating the 
need for natural gas and fuel oil. 

CWERCs: Maximizing Water and Energy 
Resources, Providing Instream Flow

Finally, food waste haulers pay about .02 - .025 
cents a wet pound to dump their loads at the 
landfills. By locating CWERCs near producers of food 
waste, haulers save on fuel and drive time to dump 
their loads at the local CWERC, saving the hauler 
significant expense while increasing the income for 
the CWERC. At 60 to 80 tons of food waste used 
in the digestors daily, the plant income from food 
waste is significant. 

Taken together, one to two megawatts of electricity 
generated where 60 percent is available as 
renewable energy for sale, reclaimed water sold 
at 30-50 percent of the cost of potable water, 
and thermal energy to heat and cool surrounding 
buildings at the cost of natural gas are significant 
new sources of income. In other words, CWERCs 
dramatically flip the nature of wastewater. Instead 
of a liability, it becomes an asset. 
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S2 MGD CWERC
Capital Cost and Revenue 

• Total capital cost: $47 million
• headworks, MBR, storage, heat pump, anaerobic digestor(s), dewatering, 

food receiving station, digester pumps, CHP unit, nutrient recovery

• Total O&M costs: $3.9 million/year
• wastewater treatment, pumping, energy, chemicals, labor, misc. supplies
• cost reduced by parasitic use of on-site electric generation 

• Total annual utility revenues: $5M-$10 million/year depending on 
the local market before charging for wastewater treatment

TRIBUTARY RESTORATION

Stream Daylighting-Visualization

Slide 3: The total cost of a two million gallon a 
day CWERC is $47 million. Total operations and 
maintenance costs are $3.9 million, reduced to $3.2 
million if the plant generates its own electricity. 
Total tipping fees and utility revenues per CWERC is 
somewhere between $5 and $10 million annually 
at two million gallons a day treated, before the 
CWERC charges a fee for wastewater treatment. 
Hauler tipping fees and utility income are variables, 
depending on the site and the utility fees the 
plant is allowed to charge. Those fees differ widely 
across the United States, and within local and state 
jurisdictions. 

Each CWERC also provides significant reductions 
in greenhouse gas emissions both directly and 
indirectly. Additionally, using some of the water 
reclaimed for restoration of natural groundwater 
hydrology aids in resilience to both flooding and 
drought. 

Slide 4: This is downtown Boston. The red lines on 
the map are former tributaries to the Charles River 
now in culverts. Not shown are the 15 or so streams 
and former wetlands that over the past 200 years 
were simply filled. Every urban center in the world 
looks something like this. As tributary streams and 
wetlands got in the way of development, we buried 
them. Looking at the upper right portion of Slide 
#3, in designing and assessing CWERCs, we reserved 
approximately 30 percent of the water reclaimed for 
restoration of “hydrologic flow,” using the water for 
baseflow in restored tributaries and wetlands, and 
for restoring natural groundwater hydrology.

Slide 5: Hydrologic restoration begins to look like 
this. Where those tributaries once flowed, we 
have options to restore existing parking lots as 
open tributaries. There is no requirement to make 
these changes all at once, but with a plan for 
restoration over time, the landscape of our cities 
is transformed. There are two keys. One is the 
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Street Strategies

Widett Circle
DAVID L. RYAN/BOSTON GLOBE STAFFWidett Circle
DAVID L. RYAN/BOSTON GLOBE STAFF

availability of reclaimed water to recreate baseflow, 
and the second is that the soils and thalwegs 
central to restoring these streams are still there. All 
we have to do is use them.

Slide 6: In associated industrial, commercial, and 
residential areas, by seeking out and restoring 
the link between rainfall and the soils that once 
contributed flow to the abandoned tributaries, 
we recreate the rainfall to groundwater to surface 
waters connections that once existed. In our 
analysis, the broad restoration of these systems 
over time, using CWERCs, would fully restore 
the Charles River, and provide a long list of 
environmental benefits including relief from heat 
island effects. 

In addition to the environmental benefits, the 
transformation of wastewater into an asset used to 
provide renewable utilities at district scales allows 
us to make money in the change. If we cannot make 
money doing this, the chances that we will do it are 
pretty close to zero. 

Slide 7: This is an area where we conceptually built 
a CWERC, the Seaport District of downtown Boston. 
This is what it looks like now. At the top, there is 
Fort Point Channel. In 1968 the channel was three 
times longer than currently. In 1925, this entire area 
was an urban wetland surrounding a much bigger 
open water section of Boston. Currently, the City is 
interested in selling this circle, called Widett Circle, 
for construction of 30-story or 40-story buildings. 
Two years ago in January, and then again twice 
in March, during king tides during “Nor’easter” 
storms, this entire area was flooded. 

Slide 8: We wondered what the implications would 
be if Widett Circle were returned to tidal wetland. 
Our estimates suggest, for the City of Boston, 
future property tax income would remain about 
the same versus building 30-and 40-story buildings 
in the same area. Why? The value of property 
surrounding open space, particularly where that 

Kira Sargent, Landscape Design
HGSD, Sasaki associates

Widett Circle
Restored Wetland
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Summary of Annual Benefits

BENEFIT CATEGORY

VALUE

LOWER UPPER

Additive

Energy Recovery and Energy Savings $3,727,535 $3,982,105

Reduced Carbon Emissions $334,635 $1,722,388

Reduced Criteria Pollutant Emissions $55,909 $139,392

Carbon Sequestration from GI $3,991 $20,679

Air Quality Benefits from Greening $6,755 $16,889

Avoided Stormwater BMP Costs $1,572,345 $3,144,689

Avoided Underpinning Costs $8,600,000 $22,900,000

Stream Daylighting Benefits $139,442 $1,426,351

TOTAL $14,440,612 $33,352,494

Areas of 
Significant
Overlap

Property Value (Street Greening) $1,522,778 $3,045,556

Industrial Economics, Incorporated
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CWERCs, Trading, Restoration of Groundwater Hydrology
Summary of Annual System-wide Benefits

Industrial Economics, Incorporated

BENEFIT CATEGORY
ESTIMATE

LOWER UPPER

Scaled

Energy Recovery – Electricity -$29,800,000 -$30,600,000

Energy Recovery – Heat $119,600,000 $119,600,000

Emissions Reduction – Electricity -$15,100,000 -$37,100,000

Emissions Reduction – Heat $11,000,000 $64,300,000

Avoided Stormwater BMP Costs $81,600,000 $518,500,000

Property Value Enhancement (Greening) $23,800,000 $95,200,000

Avoided Underpinning Costs $29,500,000 $198,300,000

SUBTOTAL $220,600,000 $928,200,000

Threshold

Charles River Flow Enhancement $3,900,000 $8,000,000

Swift River Flow Enhancement $2,700,000 $3,300,000

Avoided Cost of Water Deliveries $8,300,000 $8,300,000

Annualized Capital Investment Avoided $52,700,000 $135,000,000

SUBTOTAL $67,600,000 $154,600,000

GRAND TOTAL $288,300,000 $1,082,900,000

CWERC TOTAL $176,300,000 $457,800,000
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If the entire metropolitan Boston 
wastewater system were replaced 
with 100 to 120 CWERCS, the social 
welfare benefit bottom line approaches 
$1 billion dollars a year.

open space provides amenities as well as significant 
flood protection spike property values and as a 
consequence property tax income. 

We talked to developers who are building in the 
Seaport District. Their interest in helping to pay 
for flood protection for their investments is high. 
Adding additional amenities, though not as high a 
priority, would, they believe, be beneficial to them. 
Introduction of a wetland of this size into this area 
increases flood protection for the surrounding 1,000 
to 2,000 acres by as much as 400 times. 

We are also concerned, however, with gentrification. 
These areas in and surrounding Widett are among the 
lowest income areas in the City. The solution may lie 
with allowing the at-risk neighborhood to own the 
CWERC built there. The neighborhood then generates 
utilities for sale, and that income might go a long 
way to subsidizing the neighborhood in the face of 
explosive growth. 

Slide 9: We hired a group called Industrial Economics 
of Cambridge, MA, to look carefully at the social 
welfare benefits of CWERCs. They did the evaluation 
on the oil spill in the Gulf of Mexico for EPA and the 
Department of Justice. In this slide, the benefits 
are estimated for a single two million gallon a 
day CWERC. The “Avoid Underpinning Costs” is a 
reference to a Boston-specific problem, where half 
of Boston is built on fill. As groundwater levels drop, 
foundation pilings are exposed and start to rot. 
Depending on the building, the cost of replacement 
of those pilings is anywhere from $500,000 to $5 
million. The restoration of natural hydrology a 
CWERC allows eliminates the need for that expense. 
The social welfare benefits of building a CWERC is 
therefore someplace between $6 and $11 million a 
year. 

Slide 10: If the entire metropolitan Boston 
wastewater system were replaced with 100 to 120 
CWERCS, the social welfare benefit bottom line 
approaches $1 billion dollars a year: air quality, 
open space, reduction in heat island effect...a long 
list of environmental benefits and a much better 
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Neighborhood Benefits

• Distributed Power, Water 
• Flood and Drought Resilience
• Green Job Opportunities
• Potential for Subsidized Water and Energy
• Repurposed Pipes for Flood Control
• New Economic Development Zones
• Aesthetics and Open Space
• Greater Neighborhood Self-Determination

Environmental Benefits

• Greenhouse Gas Emission Reduction
• Significant Flood Storage and Conveyance
• Drought Resilience
• Distributed Renewable Energy 
• Distributed Reclaimed Water 
• Evaporative City Cooling
• Restored Stream and River Flow

Obstacles

• INERTIA
• Siting and NIMBY Concerns
• Developing a Cadre of Consultants

• Selling Utilities First (picking up the phone seems to be a problem)
• Sensitivity to containment design
• Conversations with neighborhoods

• Getting 3 Built (one is cute, two are anomalies, three are a 
trend)

Obstacles

• INERTIA
• Siting and NIMBY Concerns
• Developing a Cadre of Consultants

• Selling Utilities First (picking up the phone seems to be a problem)
• Sensitivity to containment design
• Conversations with neighborhoods

• Getting 3 Built (one is cute, two are anomalies, three are a 
trend)

Environmental Benefits

• Greenhouse Gas Emission Reduction
• Significant Flood Storage and Conveyance
• Drought Resilience
• Distributed Renewable Energy 
• Distributed Reclaimed Water 
• Evaporative City Cooling
• Restored Stream and River Flow

way to live. Not only do CWERCs help us mitigate 
greenhouse gases and improve urban quality of life, 
they provide significant new protections in the face 
of catastrophic events. The likelihood of 100 to 120 
CWERCs going down during a hurricane or flood 
is extremely low, and the day after such an event 
each one provides energy and water, the two most 
important elements for recovery. 

Slides 11, 12: Here are listings of some of the 
Neighborhood and Environmental benefits CWERCs 
provide. 

Slide 13: The obstacles to building CWERCs are 
listed here, but the most significant one is Inertia. 

We have been building the huge centralized 
systems on which we currently depend since the 
1850s. A body of regulations, investment schemes, 
civil engineering, and public expectation is based 
on them. It is extremely difficult to fundamentally 
transform the way we think about, invest in, and 
engineer urban water. That economies of scale, 
the basis of collecting and treating as much 
wastewater as possible, are turned upside down 
once wastewater is turned into a utility asset is very 
difficult to sell.

Slide 14: There’s a way out of the box we 
have created with the failures and costs of our 
current centralized systems. By breaking up 
that wastewater, treating it by district, using 
it to generate utilities, and restoring natural 
hydrologic cycles, we can transform cities, 
reduce costs, and help protect ourselves against 
flooding and drought. 

In the grand scheme, getting one CWERC built 
will be seen as an anomaly, but getting two or 
three built, especially as the economics become 
known, will become a trend. In my opinion, we 
cannot start soon enough. Thank you.

Transformation:
Water Infrastructure for a 

Sustainable Future

Available on Amazon for the Kindle App
or as a PDF file at:
www.charlesriver.org
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Jim Wasley: A lot of the benefits seem to be 
linked to being able to supply heat and power 
to the neighborhood, especially heat which 
suggests a whole other infrastructure. How does 
that infrastructure roll out?

Robert Zimmerman: Excellent question. How 
do we pipe heated water to the community? The 
easiest way to do it is to locate your first several 
CWERCs in places where we are building 
something new. So, affordable housing and 
associated commercial facilities. In Boston, 
locating CWERCs where new construction is 
occurring allows for the sale of thermal energy, 
electricity, reclaimed water, and provides for 
sources of food waste. New economic zones 
and that sort of thing. Over the long haul, we’re 
going to have to start thinking about introducing 
new infrastructure. 

Hillary Brown: How can you get the utilities 
to buy into this? What are the incentives? Can 
you say to them that we’re going to reduce 
your future investment costs in replacement 
or equipment? How would you make that 
argument?

Robert Zimmerman: Unfortunately, this is a 
difficult issue. The question of Inertia comes 
immediately to the fore. If, in a process of 
investigation of the siting and economics 
of CWERCs in a city, where the water 
infrastructure and political figures get to see 
the results of the investigation as it unfolds, 
getting to a place where there is agreement 
to do a pilot project is less difficult. It may be 
politically difficult for the water infrastructure 
authority to undertake the pilot, but with a 
community partner, funding is available for 
such an undertaking. Once underway, I believe 

the questions preventing the widespread use of 
CWERCs to address the environmental and cost 
issues surrounding urban water will evaporate. 

Hillary Brown: Would other legacy systems in 
cities... not Detroit, that’s really – 

Robert Zimmerman: I think the answer to that is 
the EPA/AWWA estimate in the next 10 years...
we’ve got something like $4 trillion in necessary 
investment and we’ve got $2 trillion in income. 
We don’t have the money to repair, rebuild, 
and expand existing systems, setting aside their 
inherent environmental liabilities. If we get 
three of these built it’s a trend. Because they 
make money, they flip the dynamic. 

Patrick Lucey: I just want to make an 
observation. We’ve just been through this, as 
you know, in Victoria. The cost for building a 
wastewater treatment plant for 350,000 people 
is $1 billion. The alternative model which is 
five decentralized systems is $200 million. 
The difference for a big engineering company 
was $12 million for consulting fees or $200 
million for consulting fees. Which one do you 
recommend to a government who is borrowing 
money as a government?

Robert Zimmerman: That’s a really good point. 
There is a cabal out there that is absolutely 
opposed to these changes. So, one of the things 
that I’ve been working on a lot is that Boston 
is going to get hit. And when it does, the 
existing wastewater system is going down for 
two months. And when it does, we better make 
sure that on the other side of that, whatever we 
rebuild, it isn’t that system again.

Attendee: The other side of this equation is the 
water supply side, right? We’re talking about 
sewage. There are over 50,000 water utilities in 
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the water supply in this country. Some people 
are arguing its way too many. In fact, they’re 
inefficient because most of them supply water 
to communities of 500 or 1,000 people and they 
don’t have the expertise, so they don’t have the 
rate-base and actually I’m sure that they have 
good quality drinking water. Any thoughts on 
that?

Robert Zimmerman: Well, I have a zillion 
thoughts about it. Let me just tell you what 
I’ve been thinking about. The MWRA, the 
Massachusetts Water Resources Authority, is 
very reluctant to make this change because 61¢ 
on every dollar they collect goes to debt service. 
Okay? If they were to build 50 percent of the 
CWERCs necessary to cover the entire area, 
whatever that is...50 or 60 of them...they would 
more than replicate their current income and 
reduce their overall debt pretty dramatically. 
The same holds true for their water. 

There’s a way to do this where we go back to 
local sources, where the water goes around and 
around and around just like it does in a forest, 
which is exactly what we need to begin to 
replicate. Keep water local and restore nature. 
But the only way I know how to do this is 
we’ve got to build one of these. And perhaps the 
economies of scale shifts, where a centralized 
authority runs a whole bunch of distributed 
CWERCs, taking advantage of their expertise 
and know-how. I think ultimately that looks like 
the solution.

Attendee: There are a couple of private market 
examples of this happening right now, where in 
Columbia a private entity went in and bought 
the public water utility. They were the biggest 
user of water...the private entity. And now they 
are decentralizing it. And then there’s a very 

large... I won’t name the bottling company in 
this country that is now in conversation with 
several major municipalities to buy their public 
utilities and privatize it because they are the 
largest users. And they’re going to decentralize 
because the large system isn’t working for 
their demand and supply chain. So, there are 
examples of this starting to happen kind of 
along the lines.
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S15. Brenda Coley
Co-Executive Director,
Milwaukee Water Commons

Shared Stewardship, 
Shared Benefits
Thank you so much for having me. My name is 
Brenda Coley, and I am the Co-Executive director 
of Milwaukee Water Commons.  Ive been asked to 
speak with you about our community engagement 
strategies regarding water. We have come to 
understand that the community members we work 
with both Black & Brown people and others are 
historically and currently disengaged, from the 
water through no fault of their own. 

Milwaukee Water Commons came into existence 
in 2013 to awnswer the question What would a 
truly water Centric City look like in this century. We 
wanted to ensure that the community was at the 
Center of envisioning and decision- making about 
our city’s water future. We began from a Common’s 
Perspective –a belief that the care and benefits of 
the water must be shared by everyone. 

Although Milwaukee’s water is very much on the 
civic agenda the vast majority of the City’s people 
were not included in the conversation, and the 
health of the water is not always front and center. 
Milwaukee Water Commons believes that only by 
inviting leadership and innovation from throughout 
the community can we truly grasp what it means 
to become a model water city in all its dimensions 
and activate the level of community commitment 
necessary for achieving that vision.

After two years of work (gatherings of community 
folks from all different sectors, in group discussions 
some held in this very room, one on one 
conversations and interviews, through our adult 
Water School sessions, we created a community 
defined vision for Milwaukee as a model water 

city.  We used a highly participatory process to tap 
the expertise of over 2,500 people; through large 
gatherings, small groups, on the street through our 
mobile water cycle, in workshops in person and on-
line.

We began with a list of assumptions: Water isn’t 
an issue-instead it runs through every aspect of 
our lives. The solutions lie in re-imagining our 
relationship to both the water and one another. 
Milwaukeeans care about the water and are ready 
to meet the challenges. The talent, creativity and 
commitment already exists for us to become a true 
water city. And finally we need everyone, from 
arts to engineering, health to education, food to 
recreation, Black, Brown, Native, Asian, Latino, 
Muslim, Jew, and white to make Milwaukee a water 
city. Milwaukee Water Commons is embarking on 
building a multi-racial organization on behalf of our 
waters in the Great Lakes.  We have 10 practices 
of city life to guide us (which you can find on our 
web site. And our 6 Water City Agenda Initiative 
which have 20 year goals attached to them. Blue 
Green Jobs, Water Quality, Drinking Water, Arts and 
Culture, Education & Recreation, and finally Green 
Infra-structure.

Each of these Initiatives led by volunteers, both 
grass roots leaders and activists recruited from 
our other community engagement programs, 
stakeholders, academics, city government and 
public health.  The Initiatives grew over time 
and many of them became fully staffed by MWC 
employees. We also have programing beyond 
the Water City agenda which further engages 
community regrading water. We have Water School, 
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where we engage, churches, Masques, Veteran 
Groups, after school-programs, health centers, 
garden groups, environmental groups, clubs, 
teachers really any groupings that has the capacity 
to send a team of 5 people to attend 4 monthly 
day-long sessions from June- Sept. We provide 
water school participants with experiential learning 
opportunities, engage them in our water school 
agenda through project based learning. We also 
engage community artists to consider highlighting 
water in their art by connecting them with a water 
school group and provide resources for them to 
create a visual art piece which reflects the groups 
water project. 

Our summer programming activities culminate into 
our annual arts & culture celebration We Are Water.  
We are Water our annual event celebrates the gift 
of Lake Michigan. We host the event on the shores 
of Lake Michigan. Led by our Artist in Residence. 
Each year a theme for the event is chosen.  In 
2018 the theme was Home, this year 2019 our 
theme was Every Culture has a Water Story. Poets, 
musicians, artists, religious and cultural leaders 
speak from their cultural perspective about water.  
This year a 20-piece Latino Strings Band play. I’m 
not sure there if was any place else on that lake 
where a water story spoken by a Ojibway woman in 
her language was translated directly from Ojibway 
into Spanish.   Highlighting that this location is in 
the middle of a Latinex community.

As I mentioned before each of our Six initiatives 
have goals. And although each Initiative began 
with all volunteers doing the work and no specific 
funding, we now have at least half of the Initiatives 

funded and have employed staff to work with 
stakeholders and community folks to implement 
the goals. 

So, for example, under our water quality initiative, 
we have two projects. For the second year we host 
an annual open water sanctioned swim the Cream 
City Classic.   This past August was the second time 
in 100 years there has been a swim competition 
in the Milwaukee River.  In 2018 we had 68 
swimmers participate.  This year there are about 
75 registered participants swimming at the point 
of the confluence, which is not too far from where 
we are now.  We have specifically targeted our 
engagement strategies to recruit People of Color 
to swim.  We have multi- racial representation on 
the safety and volunteer side of the swim.  We host 
this swim to celebrate the enhanced water quality 
in our water ways, to raise the expectation of our 
community for fishable, swimmable drinkable 
clean water, and to highlight acess of the whole 
community. 

We are engaged in an urban tree planting project.  
We have engaged in a yearlong planning project, 
where we brought upwards of 40 stakeholders 
to the table to discuss increasing the tree canopy 
in our city. We want to ensure with the help of 
our partners an equitable distribution of trees 
throughout our city.  Milwaukee Water Commons 
really believes there’s no difference between 
people and plant. We know that we have a huge 
reduction of trees in the environmental landscape 
in our city, some due to disease, and some due to 
archaic tree planting decisions.
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including government, water utilities US Forestry 
Department, health department among others. 
. And we’re really looking at how to do this 
thoughtfully and how to have a component of 
blue/green jobs so that when these trees are put 
in, they’re also maintained. That means that we 
have to engage people around issues of green 
infrastructure and water quality; why we have 
trees, why trees are important.  So that people will 
then become invested, engage, and maintain these 
trees. 

Julia Sergeant: What insights did the survey give 
you that you might not have otherwise found if you 
hadn’t done the survey?

Brenda: Well, the survey is old. It’s 2016. No, 
actually, 2013 the survey was done. And yeah, 
what we found out is that people actually are 
interested in water. So, when we talk about water 
people get it. They understand the gift of water.  
They understand it as a gift.  But we have given 
little opportunity for communities to really respond 
to the stewardship, health and protection of our 
waters. We also found out that access to our 
waterways for people of color is a huge disparity. 
Not all of our community is sharing in the benefit of 
our water beyond utility aspects. And that we need 
to change that in order to bring about more visible 
water stewardship. 

For example, one of the things we are trying 
to accomplish is to have an informed water 
community so that they then have then have ability 
to make informed decisions regarding our water.  In 
the early part of the summer several governmental 
bodies were meeting in Milwaukee about water: 
The Governors’ and Premieres’ of the Great Lakes 
and the International Joint Commission. Milwaukee 
Water Commons wanted to inform the community 
of these important governmental bodies meeting 
in our city.  In consultation with other community 
based organizations we asked Peter Annin a 
journalist and academic and author an expert on 
the Great Lakes Compact issues and governance 
speak to community members.  

We had people – we did sort of a world café kind 
of event where we asked them questions that are 
actually happening. They gave their responses. And 
some people actually decided to come to the IJC 
meeting. So, we brought the issue, the information 
because people don’t have the information in order 
to be thoughtful decision makers. And so, that’s 
one of the things that we try to do. I don’t know if I 
answered your question. Yes.

John Janssen: So, a suggestion for non-swimmers is 
use a life jacket. Somebody in the room mentioned 
talking to a guy who was elderly. He said as a kid, 
they would throw them off a bridge with a life jacket 
on and he would drift downstream. He said it was 
the best thing in the world. 

I used to take a class down at the Florida Keys. And 
I had two people of color in there that couldn’t 
swim at all. And they put a life jacket on and a mask 
and snorkel. And they were just giggling the whole 
time. So, you might be able to get around the non-
swimming issue and get people incentivized to learn 
to swim by saying “join the swim. We’ll put a life 
jacket on you.”

Brenda: Yes. Those are possibilities, yes. And 
remember, not only are we trying to open up 
our world for all people to access the water, we 
really want to celebrate how far we’ve come 
around water quality as well. And we want to raise 
the community’s expectations to have fishable, 
swimmable, drinkable water. And we need a cultural 
shift for both the white and communities of color 
to make. All people have a human right to share in 
the benefits of our water, and we have to provide or 
open up un hithered acress to these water wys. 

Nancy Frank: One of the themes that’s come out 
of the discussion in the last day and evening is 
that we need, as professionals in particular but 
also as researchers, to do a better job of including, 
consulting, listening to the stakeholders in the 
community who are going to be affected by 
whatever changes we want to make to improve the 
water. And in planning, we talked a lot about the 
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difficulties of engaging people for a whole host of 
reasons. And if you’d like to discuss that as well in 
your answer that would be great. 

But Water Commons has been more successful than 
just about any organization around the environment 
that I’ve seen at getting some real genuine 
engagement from people from a wide range of 
racial and ethnic and other backgrounds that often 
feel excluded. And so, I wonder if you could address 
both some of the reasons that people sometimes 
exclude themselves as well as what you’ve learned 
about how to break through and include people.

Brenda: Thank you for those kind words about our 
organization. These are very complex and hairy 
issues. And it’s not only providing one opportunity 
but several opportunities so that we experience 
cultural impact. We try to make it easy for the 
community to engage with us, we strive to be 
transparent in our agenda, we work on building 
relationships that don’t center on extortion 
nor transactions.  We believe that building a 
relationship based on trust and transparency is a 
community engagement strategy that is sustainable.  
And relationships take much longer to build. But 
relationships are deeper and more sustainable and 
we believe what it will take to steward or water for 
many generations to come. 

Audience: So, related to the swim. So, in Green 
Bay, we’re going to have a brand new swimming 
beach for the first time in years. It’s being built. I 
work closely with the natural resource and research 
community there. And they cringe at that thought. 
And my guess is it’s similar to the swim here in the 
Milwaukee River. 

Brenda: Yes, cringe.

Audience: How do you address that kind of 
disconnect with Perceptions?

Brenda: Building trust and building relationships is 
the only way I can see doing that. Having patience 

and creating opportunities for all the stakeholder’s 
government, community and others to express 
their concerns, listening without judgement, 
and becoming aware of places where there is 
agreement. Make it easy and for people to engage 

 So, are happy to do the heavy lifting to reach our 
goals. We can do the work. We try to make it easy 
for people to engage with us. We honor people 
and make the extra moves and we use a collective 
impact model in our work. 

And that’s how we deepen that relationship. 

Audience: Do you think that’s helped with the 
natural resource and scientific community?

Brenda: Yes. Yes, yes, yes.  We strive to bring 
everyone to the table, because if we do not we will 
come up with flawed solutions. But in that same 
circumstance we work to elevate the community 
voice to have as much weight in the equation as 
the academic community and or governmental 
representatives, or environmental groups or the 
traditional environmentalists.  With that we strive 
to center the communities’ concerns.  We try and 
engage in active listening techniques, build some 
cultural competency in our organization, and work 
within frameworks and theories that guide us. 
Milwaukee Water Commons organizes, strategizes 
and engages community and stakeholders within 
these frameworks; The Commons philosophy, 
Environmental Justice and Collective Impact theory. 
We also have 10 practices of City life to guide us 
in becoming a true water city and we interact 
with the community using the Jemez Principles. 
The Jemez principles were created by a group of 
Environmentalists meeting in the Southwest who 
are Native and People of Color to guide how they 
interacted with marginalized populations.  

James Wasley: This whole group is trying to build a 
network around the Great Lakes Basin. And so, I’m 
wondering if there are parallel organizations to you 
that you can connect us with that we should know 
about that are doing this work. You mentioned 
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Detroit out in the hall or Toronto and other big 
cities. 

Brenda: There are many environmental groups doing 
good and important work engaging constituents 
all along the Great Lakes Basin. We work with the 
US Water Alliance which brings together utilities 
and community organizations to discuss water 
challenges, within the Great lakes Basis.  We work 
with a Great Lakes Coalition, Healing Our Waters 
which has about 150 organizations as members. 
They have taken on the charge of becoming a 
diverse and inclusive organization, which means 
they are tackling issues that are of concern to 
people on a an ever-day basis. Clean water, infra-
structure issues PFAS, algae blooms, and so on. They 
are now looking to find out how or if GLRI dollars 
are equitable distributed throughout the Great 
Lakes Basin. 

We look for opportunities to come under the 
leadership of the Native American Community. 
Milwaukee Water Commons since 2014 attends 
a four day Women and Water Coming Together 
Symposium hosted by the Lac Coatre Oreilles’s 
band in Northern Wisconsin.  We interact with the 
LGBTQ community and presented at their Statewide 
Leadership Conference in Milwaukee: Queering the 
Environmental Movement.  We have engaged on a 
National level with the Green Latino’s organization.  
And we work with the Freshwater Action Coalition 
located in Ann Arbor Michigan.  And finally we 
belong to the Midwest Environmental Justice 
Network  this is a group of Environmental People of 
Color and Native led Environmental Justice Groups 
here in the Midwest. From Minnesota to Missouri. 

Connecting with We The People in Detroit, Shades 
of Green in Chicago among 9 groups in the network.  

Jason Strangland: Anacostia Waterfront Trust is 
outside of the basin but they’re dealing with the 
exact issues. Aaron Holmes is the executive director 
and he would be a great resource. 

Brenda: Thank you. Yes.

Don Watson: Any connection with food and water? 
That’s a trigger to get folks involved. 

Brenda: That’s an interesting thing for you to 
say because really, that’s where a lot of the 
innovation came in, for communities of color 
around environmental issues; around food and 
water. So, yes, we have many relationships with the 
community gardens across the city, food collectives. 
Food deserts within communities of color is an 
environmental issue. We connect with Victory 
Garden and Alice’s Garden. And have assisted them 
in, connecting them to resources that have resulted 
in hundreds of gallons of rainwater being collected 
and harvested through underground cisterns.

We began our relationship through water school 
and have gone on to have a deep sustainable 
relationship, that has gone well beyond water 
school. We’re beginning to establish a robust 
relationship with Victory Garden as well.

Jim Wasley: Thank you. Alice’s Garden is one of the 
case studies in our nomination booklet, and the 
story just got a whole lot deeper. 
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16. Margaret Noodin
Electa Quinney Institute for American Indian 
Education, University of Wisconsin- Milwaukee

North American 
Great Lakes Indigenous 
Research Possibilities
As a board member of the Milwaukee Water 
Commons, it’s nice to follow Executive Director, 
Brenda Coley. I also want to thank Jim Wasley 
and Carol Miller for bringing us together. 
Giiwedinoodin nindanishinaabewinikaaz gaye 
Waabizheshi dibendaagoiyaan. Epichii gaa-
nitaawigiyaan besho Minnesota Ziibi daayaan. 
Noongom gikinoo’amaageyaan miinawaa daayaan 
Minowakiing Ziibi. I grew up near the Minnesota 
River in Chaska, Minnesota but I live and teach now 
in Wisconsin near the Milwaukee River where the 
Ozaukee fishway bypasses the Mequon-Theinsville 
dam. It’s important to consider your water position. 
Can you give your address using only watermarks 
and waterways? 

In Milwaukee you are surrounded by Anishinaabe 
names. Minowakiing literally means “the good 
land” and Miskwaasing means “place of the red 
stone.” In a recent TEDx talk I shared some of the 
names of the region. For example, one of the main 
roads in our city is Kininckinick Avenue. “Giniginige” 
means “to mix things” which reflects our nation and 
the interdisciplinary work required to be innovative. 
My main research area on this campus is in 
indigenous language reclamation and revitalization 
but I am here today to talk about the potential of 
connecting indigenous communities and scientific 
practice to coastal resilience plans in the Great 
Lakes watershed in North America.

I want to begin by sharing a map of Anishinaabe 
nations in the Great Lakes region of North America. 
This network of communities is considered a single 
diaspora which contains 163 sovereign nations with 
federal recognition in the United States and Canada 
(Figure 1). 

This is the space in which I teach regularly. I tend to 
go to one of these places every three weeks. The 
institute I direct is the Electa Quinney Institute for 
American Indian Education and our work focuses 
on supporting citizens from various nations who are 
preparing to become teachers. We work with them 
to indigenize pedagogy and save languages but also 
to pull people from these nations into research and 
engagement at our institution. 

Each of these nations has a constitution, various 
branches of government, systems of infrastructure 
and a set of practices, beliefs and goals. They span 
several states and provinces in the United States 
and Canada. It is especially important to note that 
48 of them are located on the contiguous coastline 
of the Great Lakes. These people are citizens of 
nations with water, mineral and other usufructuary 
rights. These rights apply to specific areas but this 
whole place, the water, land, and spaces between is 
known as Anishinaabewakiing, the space that where 
the Ojibwe, Odawa and Potawatomi people are 
connected to the land. 

They are connected to the land and water in ways 
that are shared but they are also connected in 
ways that are unique. No two indigenous people 
are any more alike than people of other races and 
ethnicities. Furthermore, the Anishinaabeg are 
particularly anarchic people who delight in diversity 
and individual freedom of interpretation. Prayers 
and the words used to engineer them are tumbled 
together and taken apart to test philosophies and 
hypothesis over and over. We are working to create 
the next generation of the map which will record 
the Anishinaabe and English name for each nation 

Today each of the lakes has a separate 
name, but for the Anishinaabe people 
the whole freshwater system is viewed 
as Michigaming and what people learn 
is how to center themselves in this 
space. 
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which will illustrate the ways the Anishinaabe 
described their relationship to the land. The 
English name typically represents the political 
history of treaties but the Anishinaabe names 
describe the traditional activities and observed 
role of the land and water in each location which 
leads us to an alternate view of the Great Lakes.

Today each of the lakes has a separate name, but 
for the Anishinaabe people the whole freshwater 
system is viewed as Michigaming and what 
people learn is how to center themselves in this 
space. They know which river is nearest, which 
direction it flows, where it begins and where it 
merges with other bodies of water or disappears 
into the land. Changes are recognized as part of a 
complex system of life. Spaces of confluence are 
sites of cultural exchange. Where the Milwaukee, 

Kinickinick and Menominee rivers come together 
communities preserve Ho-Chunk, Potawatomi and 
Menominee history and practices. And when we 
begin to feel we understand this space we can look 
to the Oceti Sakowin and Haudenosaunee neighbors 
in the west and east for alliances and additional 
information about living with the earth. 

My other message to those who are thinking 
about research, resilience and how to move 
toward a sustainable future is that global 
indigenous traditions are a source of replicable 
hypothesis, innovative adaptations and ever-
shifting connectomes. Individual scientists and 
entire fields of inquiry can benefit from exploring 
the data preserved by previous generations. 

Figure 1. Map of Anishinaabe Nations of the Great Lakes 
created by Lintaro Kajiwara
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Citizen scientists and scholars can learn from the 
resilience of cultures that trace their presence to 
the first humans on the continent and have not 
been eradicated by colonization or assimilated 
into patterns of industrial prioritization. There 
is a spectrum of information preserved by the 
573 nations within the borders of the United 
States and 634 nations in Canada. Their view of 
science is infused with song and ceremony and 
their relationship with the earth is grounded in 
preservation and well-being.

For example, when Captain Greg Gregory 
Stamatelakys and I go out on the School of 
Freshwater Science research vessel, the Neeskay, 
we blend quantitative data points with the 
visceral response humans feel when they pass 
the breakwall and sense the percent of their own 
body that is water. We speak about the depth and 
quality of the water and we speak to the water 
as an agent, as something animate, as someone 
engaged in this life with us. And we sing some of 
the songs of water. We teach students the word for 
water is “nibii” and tell stories of many other water 
words for rivers and rain and the way the water is 
alive. 

Greg will often pull out a map and show how we 
can navigate on these connected waters to such 
places as Walpole Island First Nation which in 
Anishinaabemowin is named Bakejiwanong for 
the way the waters differentiate or the home 
of Sault Ste. Marie Tribe of Chippewa Indians 
traditionally known as Bawitigoong, the place 
of the rapids. Students learn a song of water 
of written by local indigenous children which 
they can sing in Ho-Chunk, Ojibwe, Potawatomi, 
Oneida and Menominee, bringing together the 

languages of the Milwaukee area (Ohnekanus Nibi). 
Another song recalls the shift of tectonic plates 
using the metaphor of earth’s daughters walking 
into the water in each of the cardinal directions 
(Shkaakaamikwe: Mother Earth).

We also talk about the work of John O’Shea and 
Guy Meadows who mapped underwater history 
by tracing stories of floods on the floor of Lake 
Huron. We know stories of caves. We know stories 
of floods. And at the bottom of Lake Huron they 
found a place where Michigaming changed. They 
found a caribou run, pine spears, hunting blinds. 
It was amazing to see science and story come 
together because for the first time, generations of 
Anishinabeg people who had been told the origin of 
their flood stories was the Bible realized that instead 
of something borrowed, their story was a collective 
memory of coastal resilience. 

There are many examples of scientific analysis 
transmitted through oral tradition moving into work 
we do today. The challenge is to work with these 
nations to ask questions together, to find solutions 
together. In the past, ethnobotanists gathered 
information from indigenous people in the region 
(Smith).  Today Nick Reo, Robin Wall Kimmerer 
and Kyle Whyte are just a few of the Anishinaabe 
scholars blending science with traditional ecological 
knowledge and I have written with Bernard Perley 
about theories of the sixth extinction and how to 
present these subjects in the classroom.

The concluding message is that alternate paradigms 
are all around major cities and educational 
institutions and the goal should be to bridge the 
chasm created by colonization. We not only have 
the opportunity to learn from one another, we 

There are many examples of scientific 
analysis transmitted through oral 
tradition moving into work we do today. 
The challenge is to work with these 
nations to ask questions together, to find 
solutions together. 
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have a responsibility to look for new scientific 
relationships based not on short tern grant and 
publication goals. If we are truly pursuing answers 
to the most difficult questions the research should 
follow. The goals can’t be the short term, the 
necessarily must cross centuries and epochs. 
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17. Carol Miller, Moderator
Director, Healthy Urban Waters, Wayne State 
University

Closing Discussion: Building a 
Sustainable Urban Water 
Systems Research 
Network
Thank you, Brenda and Margaret, for kicking us off 
this morning. We could spend the whole morning 
and afternoon on those discussions. But we’re 
back to meeting the goals and objectives of the 
workshop, so let’s to go back to our statement of 
purpose and goal statements. 

The purpose is to create a shared vision and 
agenda for collaborative research and actions. 
The focus is on Great Lakes waterfront cities and 
waters. The goals are to identify the most pressing 
needs and compelling opportunities, and, at this 
summary discussion, to craft an interdisciplinary 
vision for future integrative work that advances the 
sustainability of these linkages. So, on to building 
the SUWS network. 

It makes sense for us to come up with a network 
that encompasses this group and others that we 
think need to be included. If we want to continue 
beyond this workshop, there are questions. How do 
we continue? Grant opportunities? Publications? 
Annual meetings, or more frequently? Could we 
identify existing conferences where many of us go 
to, where we can have a separate session and room 
in reserve to get this group back together again? 

Before answering the question of is there a need 
for a network, we should first answer: What 
would we like to accomplish? I started to list all 
the organizations that have similar constituencies 
and similar expertise. None are exactly the same, 
but we have Great Lakes and St. Lawrence Cities 
Initiative, American Society of Civil Engineers, AJU, 
AWWA, WERF, WEF, International Joint Commission, 

and so forth. All of these groups have features that 
overlap with what we’re doing here. What I see is as 
different in this group is the multidisciplinary mix.

Don Watson: The unique bridge is research and 
practice. Mutually informed.

Ron Henderson: To me, one of the things that 
perhaps has the potential to distinguish this group 
from other groups is the focus on cities. There are 
large water groups, large jurisdictional entities. 
Perhaps the largest word on the title, ‘Urban’ is 
what can distinguish this group. 

Carol Miller: I don’t know how many of you here are 
familiar with MetroLab or CityLab. I agree. Urban, or 
‘city,’ also makes it unique. 

Michele Adams: In my notes, I have a lot of 
comments about looking at things from the 
business lens and then this morning, we have heard 
about the social lens. There seems to be a need for 
connectivity between research, practice, economics, 
and social impact. And that doesn’t come together 
all in one place at all.

Hillary Brown: I like the focus on innovation on 
urban water systems, but that can’t really be 
separated from the upland riparian zones. Some 
kind of integration around the river maps that takes 
in that whole transect.

Nancy Frank: You practically said the same thing 
I was thinking, and I was just framing it a little bit 
differently. A lot of the Great Lakes organizations—
the ones that have ‘GL’ as the beginning of their 
name—are the open waters and near-shore areas. 

Saturday July 27 9:00—11:30am
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In addition, there is a whole host of watershed 
organizations. The waterfront cities are at the 
boundary space between those watersheds where 
all that water comes down to meet the lake, and 
the lakes themselves. Plus, it’s where the people are 
and where the environment has been not the most 
degraded, because there are some rural areas that 
are less in view but pretty degraded, where there’s 
been an enormous transformation of both the land 
and the water. It is worth considering the entire 
shoreline to understand where the opportunities 
for restoration are prioritized in terms of need and 
opportunity. 

Carol Miller: Agreed. I’m going to try to shut up, 
because I know as facilitator, I’m not supposed 
to respond to each point, so I will wait until the 
very end. But I was going to have somebody here 
just in response to that—here I’m playing devil’s 
advocate—the Great Lakes and St. Lawrence Cities 
Initiative is a Great Lakes organization in Canada 
and the U.S. that deals with the cities. I keep 
thinking, does it make sense to partner with an 
existing group? Bring our perspective there? Have 
us add on? 

Hillary Brown:  I’m going to go off in a slightly 
different direction. It relates to water features 
in the Great Lakes Basin, because we’re going 
to experience all these different stressors and 
pressure. I see the in-migration that some people 
have talked about. Some kind of sensitivity in 
the collaborative research to those drivers of 
transformation, could be a way to focus.

Carol Miller: Are you saying that developing an 
organization that would focus on that? Or are you 

suggesting take from this group subsets of people 
who want to work on research proposals that 
address those topics?

Hillary Brown: The second is what I was thinking. 
We could start with the first.

Bob Zimmerman: One of the frustrations that I have 
run into, particularly in applying to foundations to 
fund research, is that there’s sort of an academic 
view of the world: “I read about it, therefore I own 
it, and I know everything there is to know about 
it. So, let me tell you.” A complete separation from 
the actual practice, about actually building things, 
dealing with permits, with the regulators, with 
the unions, with the politicians, issues that are a 
thousand times more complex than reading about 
it and thinking you own it. One of the things that a 
group could focus on is bringing the academics into 
the real world of actually transforming the reality. 
The complexities and frustrations of dealing with 
people who don’t get it and don’t want to get it.  If 
there were some group that helped overcome those 
hurdles, it would be extraordinarily useful.

Steve Apfelbaum: So, would you call that applied 
science? So, the academic focus would be applied 
science?

Carol Miller: Let’s hear from David Rankin about 
innovation in the foundation world. 

David Rankin: Building things is not what the 
philanthropic world does. They create capacity in 
civil society to insist other people build stuff. The 
exciting part of this workshop from my perspective 
is the opportunity to just begin to reshape practices. 



138

I’ve been doing water work for about 40 years, 
and this is the first discussion that I’ve sat in with 
so many designers and design-thinking folk. That’s 
really neat and really different. But when I look at 
the Urban Modern Innovation network that NSF 
funded, that’s an engineering project, with some 
economic geographers and some other folks into 
that mix. When I look at RenewIt out west and the 
consortium of universities in that water innovation 
space, it’s about advancing the state of gizmo, 
and really cool stuff. I’ve learned a lot from both 
networks, but it’s really different in terms of output 
and impact than what this group has been talking 
about. 

And I’d encourage you as you’re moving forward to 
look at the second breakout group, that hierarchy of 
questions, and think about how university research 
drives knowledge and understanding, and the time-
horizon for impact in the issues you choose need to 
be long. That needs to be a long time-horizon. And 
the bridge between understanding and practice? 
That can happen right now. That can happen as a 
transfer exercise to create the appetite for the new 
knowledge that you’d be creating that stretches out 
a longer time horizon. 

Jim Wasley: To me, the first test of that question 
that you framed was how this group could be the 
bridge between research and practice? But my 
initial framing of it, I think, is a test of the question 
that could this be a network of immediate use to 
the practice? I tried yesterday morning to frame the 
workshop around a very narrow question. It turned 
out to be so narrow that nobody understood what 
I was getting at. But it was the issue and questions I 

raised is that if the people from Milwaukee and the 
regulatory community had showed up and heard 
us discussing, is it a good idea to dump stormwater 
into an aquatic habitat restoration project, and how 
do we accomplish that? 

If limited to that narrow question and sought 
answers between the science and the policy and 
the practitioners, we might have had suggestions 
to ease the path of those five different projects I 
identified, so that they could get permitted, get built 
faster, to be more effective. In my mind, to break 
down a barrier and build a link. And so, that’s the 
question to us as a group. Can we see ourselves 
being responsive to very specific questions as 
a kind of expert, so if we back something, if we 
have a gathering on an idea and generate some 
recommendations that would carry some weight 
that would allow some practitioner to rely on us to 
say, “I can’t get past this regulator, I can’t get past 
this technical issue. What are the solutions that we 
can find?” 

So, that was the model that I’m proposing, and 
I’m just asking that as an open question. Is that 
the level of granular engagement that we could 
imagine ourselves sharing science and policy and 
practice for very little things? As opposed to, I think 
the other direction this goes, is what we need is a 
“moonshot” frame of the big picture. So, I pose that 
as two possible scenarios to discuss.
 
Don Watson: In the history of innovation in the 
U.S. foundations, the philanthropic community has 
been valuable. It goes back to the Ford Foundation 
Educational Facilities Lab in the 1950s era, funding 
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innovation in school design and construction. 
Currently, Kresge Foundation, Rockefeller 
Foundation, and C40 are major philanthropic 
funding sources devoted to supporting innovative 
projects. The same pattern of support will be 
essential if to the climate change issues. Back 
to what we’ve learned in the last few days, we 
need to document the good work presented, the 
examples of John Jensen, Drew, Sean, Chris, and 
Jeff’s maps. We need to learn how to do maps that 
communicate the urban shoreline and near shore 
interface. They both represented data and analyzed 
it and synthesized it in a way. John’s picture of the 
mouth of rivers told me right away where to focus. 
Innovative urban research and design practice 
requires bridging techniques between academic 
power and citizen power, if you will, missing 
in the power of financial knowledge to sustain 
the construction and maintenance of long-term 
investments, as advocated by David, Chris, and by 
many others. 

John Janssen: I would say that the reward systems 
in academia are the problem. The mapping that we 
did was because it was at the request initially of 
DNR. They said, “We need a map, so we know what 
we’re dealing with when we have to do restoration 
projects.” The fund for Lake Michigan joined in and 
gave us the bulk of the money. The Army Corps was 
a little bit in there, too. If I had been an assistant 
professor, untenured, it would be a bad investment 
of my time for me to do that. 

Jeffrey Nesbit: I just wanted to piggyback on 
Don’s comment. In terms of the principles and 
goals and agenda moving forward, one of my 
recommendations would be—it’s a little bit 

structural, so forgive that—to set up a scope, 
sites, and subjects very clearly. Because one of the 
things that I think we’re picking up on is that the 
maps illustrate the locations of where questions 
become the most revealing or the most clear. 
And so, based on what Don was suggesting, part 
of those are principles and the vision we project 
forward, regardless if it’s another conference in 
an annual conference or applying for more grant 
opportunities. I think that would be a clear way 
structurally to advance the wonderful material that 
we’ve received. 

Hector Bravo: I worked the first almost 10 years of 
my careers in an engineering practice. So, to me, the 
best part of this meeting was these presentations 
and the case studies, you know? It reminded me 
the joy of working on something that is built and 
had a direct impact. I have been in academia for 
I don’t know, almost 30 years. And why I came to 
academia is because working in practice, I was 
always wondering how does this really work? 
What is the science behind? And I have my fill of 
that. So, practice and education and research. So, 
again, I said when I was in practice, the people 
I worked were wondering how does this really 
work? How is the science behind this, you know? 
And now, I have been in academia for so long and 
what we are missing is what are the questions, 
how do we educate the students? Each group can 
benefit from these questions, sharing answers. The 
practitioners telling the academia, “This is what we 
need. These are the questions.” And vice versa. So, 
this interaction between practice and research and 
education, I think, that can be the main role of this 
group.

Each group can benefit from these 
questions, sharing answers. The 
practitioners telling the academia, 
“This is what we need. These are the 
questions.” And vice versa.    
   -Hector Bravo
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Carol Miller: I think that was good. You added 
education in there. We had research, practice, and 
now you’re adding education. 

Jason Strangland: My job is to build things. I’m not 
paid to do the research that I want to have done 
on my projects. So, there’s a bunch of consultants 
in the room who’ve probably all experienced the 
same thing: the frustration of not doing the job 
that you ultimately know you could do if you had a 
partnership with higher ed. I don’t know whether 
the Great Lakes Commission is the right venue 
or vehicle, but I would support tying it to some 
larger organization that has a brand name already. 
Finding money? Not a problem. Foundations will 
fund it. I know that because right now, where 
the science is decent but not great, we can get 
money all day long for communities. That’s not the 
challenge. It’s getting researchers in the room with 
designers to actually want to build things, from 
my perspective. We don’t have time for extended 
research. Applied research has to be quick, able 
to move at a fast pace. Which means we’re going 
to make mistakes. We all will. We see projects all 
the time that would benefit if we had an academic 
partnership in some way that would add timely 
and applicable knowledge and innovation, hugely 
beneficial to people, plants, everything.

Richard Norton: One possible network contribution 
would be to include publishing something distinct 
and different that hasn’t been published before. 
My sense is a lot of funders want to fund projects. 
They don’t want to fund post-evaluations of how 
did the project work. They want to fund new tool 
development, they don’t want to fund ongoing 
monitoring of what’s going on here. So, there’s 

huge biases set in. One of the things that has 
struck me through this series of presentations is 
that there are gobs of projects that folks are doing, 
and they’re unhappy because you ask them, “Well, 
did it work?” “Well, I don’t know. We don’t have 
the funds to go back and look.” Well, maybe a 
proposal that could come out of this—you started 
it already with your case studies. You’re identifying 
projects that have been done that nobody’s had a 
chance to go back and study to see, “Did it work?” 
Well then, let’s structure a really, truly, deep, 
multidisciplinary evaluation of a whole selection of 
projects to see what did they set out to do, what 
were the problems they had getting through the 
governmental agencies, what can we learn from 
that? What did they actually achieve? Did they get 
what they were trying to do? Did some perverse 
outcomes happen nobody saw coming? Did some 
benefits happen that nobody anticipated? So, with 
case studies, you’ve started the framework to do 
a cross-sectional analysis that would get at the 
ongoing maintenance and evaluation piece that 
nobody wants to fund, but we can pitch it as a new 
study because that would be a new and different 
collection. And now, we’re moving away from just 
anecdotal stories to a systematic evaluation that’s 
scientific and generating new knowledge about 

We see projects all the time that would 
benefit if we had an academic partnership 
in some way that would add timely and 
applicable knowledge and innovation...

   -Jason Strangland
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what’s working and what’s not and what can we 
learn from that? And then, maybe, turn that into 
an ongoing relationship-building endeavor to try 
new and different things. So, that would be my 
recommendation. You already laid the framework. 
Find those case studies and work with them to do 
something systematic. 

John Janssen: This is real quick. And from 
dealing with—I won’t name sources of funding, 
but sometimes and maybe too often what the 
funder wants is that when the public recognizes 
a problem, and they want to be able to say, “We 
have people working on that problem.” They don’t 
fund enough to actually solve the problem, but 
they fund enough to say, “We have people working 
on that…” And scapegoat it, basically.

Steve Apfelbaum: David’s point about thinking 
in terms of finances instead of funding, we have 
about 200 projects with really top-notch science 
integrated through finance with the build projects. 
Chris, you may remember, all the reference work 
we did for Don River, we actually measured—a lot 
of science went into that project and hundreds of 
other projects. So, we shouldn’t separate design, 
construction and science, and just figure out how 
to finance it. If a developer or a public project has 
done the work much more efficiently and it costs 
less, a private developer promotes the bejeepers 
out of that success the next time they go in to 
permit their next project. It is worth a significant 
amount of care and attention to nurturing that 
sort of process to build that into the way we all 
operate. 
 

The other thing I was going to say is I was looking 
for a paper this morning for John, and I ran 
across the original discussion group summary of 
then-candidate Obama’s environmental science 
policy team which he put together by David Orr. 
I found all of the principles that the group came 
up with for all of Obama’s environmental policy, 
and one of them was GLRI.  It reviewed all of 
the principles behind all of the major riverfront, 
waterfront, watershed projects in the world. The 
other reference came from when we were asked in 
2005 by prominent economists including bankers 
such as Hank Paulson and others about how do we 
sell conservation. A group of us ended up putting 
papers together, a catalog of the cost performance 
from actual developments done conventionally 
and then redesigned with a conservation or 
ecological design. That paper (Cost Savings in 
Ecologically Designed Conservation Developments 
by Craig Q. Tuttle, Jill C. Enz and Steven I. 
Apfelbaum, Applied Ecological Services Inc.) 
documents 100 projects comparing very detailed 
performance in the cost savings. That’s what sells–
tell financiers that there’s a value proposition here 
if you can save 40% on the normal cost.

Chris Glaisek: I live on the edge between the 
design world and the government approval world. 
The research that is really important is to help 
get innovation approved. Three percent of what I 
do is interesting design work, and 97% is figuring 
out how to get the authorities to actually approve 
the interesting design work, which is a split that 
I wish weren’t quite that skewed. One thing that 
would be helpful is to build a database of common 
metrics between all these different projects so that 

The research that is really important is 
to help get innovation approved.. 

   -Chris Glaisek
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when I go to the city and I say I want to do a piece 
of green infrastructure here and they say, “Well, it 
doesn’t work in our climate,” I have to research all 
of the different green infrastructure projects that 
I think are in our climactic zone and comparable 
and try to figure out how they performed. Most 
of the time I cannot. Armed with that knowledge, 
and if it was easy to access, I could go back to 
those city officials and say, “Well, here. They did 
it in Milwaukee and it did fine in the middle of 
Milwaukee or ten of them have been in Milwaukee 
and they eliminated the need for X amount of 
storm infrastructure, and reduced the load on the 
treatment plant by X gallons.” Currently I can’t 
find that data, and even if I had the data, I’d still 
have to fight with them because they’ll question 
it and they’ll be skeptical that it’ll apply to that 
environment. 

That at least gets my foot in the door, and right 
now sometimes I can’t even get my foot in 
the door. I know it looks like I’ve had this huge 
success with the river, but that’s thanks to our 
conservation authority and the fact that we had 
activists 30 years ago saying naturalization had 
to be part of the future of the river. We don’t 
have that for our streets and for the rest of our 
infrastructure in the city, so I have to start from 
square one when it comes to—the sorts of GIs 
that I saw here in Milwaukee, I wish we were 
doing more of that in Toronto. I’m trying to do it 
on Cherry Street. It’s a struggle to just put five of 
these things in, in a three-block stretch of street. 
So, if I had that common database–and I don’t 
know exactly what goes into that database, there’s 
a roomful of people who could probably start to 

figure that out and help advance the regulatory 
piece. 

John Ferris: To add to what Chris was saying, and 
Jim mentioned as well, would be nice—I’ll put in 
simple terms—if this group could function as a 
referee, so that when a regulatory authority might 
say, “I have never seen this before. We do not 
have data on this. Therefore, it does not work.” 
To serve as authoritative and trusted voice with 
science advisory credentials to say, “Yes, this is 
sound science and sound engineering practice.” This 
advisory function could help move projects forward. 

Michelle Adams:  Building on what Chris said, and 
John, and the other comments: If that research 
could then inform the engineering calculations 
and how engineers do their numbers and get their 
permits? We so desperately need that. I keep having 
the same conversation: we need the math. We need 
the way to do the calculations that supports how 
these systems are working, and then we’ll see more 
practice happening. 

Carol Miller: So, what Laura has written down 
as notes for some of these last few comments is 
“database design standards and effective metrics 
and promote principles.” Does that sort of get 
there? 

Chris Glaisek: Calculations… effective metrics and 
consistent metrics, so that we have some apples to 
apples comparison. 

Jim Wasley: I’ve always seen Michelle Adams as 
resource to support this argument that she sees 

 If that research could then inform 
the engineering calculations and how 
engineers do their numbers and get 
their permits? We so desperately need 
that.   -Michelle Adams
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results in practice that no model predicts. And so, 
to me, green infrastructure best practices is already 
too codified—it’s been around long enough. And 
so, the first stuff I did at the MMSD, they didn’t 
know what they were doing, I didn’t know what I 
was doing. And we were experimenting. But now, 
they know what they’re doing. They’ve codified 
things. Practices are codified, but they’re all based 
on science that if it was done in the lab to establish 
these practices, now 10 years old. By nature, 
regulations are based on out-of-date information. 
The point I add is that to me, the problem is that 
once things we assume are understood, they get 
frozen in time based on old data. And there’s no 
incentive when I talk to Hector to say, “Well, have 
we looked the way a rain garden works lately? Do 
we need to update our understanding? There’s no 
incentive to say, “Well, we could reinvent this. We 
should be looking at how it’s being reinvented in 
the field.” So, that’s a bigger question as to how we 
overcome that. Does that resonate with people?

Nancy Frank: One of the things I learned here is that 
some projects that rent out massive warehouse 
spaces to put together simulations to model how 
it works. That represents a fascinating connection 
between research and practice that I was 
completely unaware of. 

Carol Miller: Did you have any academics 
involved? 

Jason Strangland: National Research Council 
in Canada. It’s a government funded lab, and 
that’s why we go there. We did the same thing in 
Longford, England, because the people who are 

running that lab facility are infinitely knowledgeable 
about what they’re doing.  

Julie Kinselman: I’m the Laboratory Director for 
the City of Racine Health Department. My title 
is Lab Director/Research Scientist. I have an 
academic background—a Ph.D. in Public Health and 
Environmental Microbiology, so I do publish, such 
as a paper that just came out on microbial dynamics 
and sand and implications for water quality, human 
health, and climate change. But I work primarily for 
the city of Racine, and so I do projects. 

Everybody here has a piece of a puzzle, so there’s 
things that I can do. I have a laboratory, so I do 
laboratory research. I generate lab results to inform 
science-based decisions. In the city, I execute the 
projects. Not only do I generate the results that 
give me clues of what action I should I should take 
over another, then I look for engineering assistants 
to develop design plans and urban planning, how 
do people activate and utilize a space so I can have 
a great restored wetland. But if people aren’t able 
to engage with that, they’re not going to value it. 
So, I look at social sciences. And I look for public 
engagement, and sometimes I need genomic data, 
things I can’t do in my own lab, so I look for useful 
tools from the academic community that also come 
together as a piece of the puzzle to be effective. 

And I also look for financing. I just finished a coastal 
wetland restoration project that includes aspects of 
coastal resiliency and green infrastructure, so I also 
needed funding, so very little of it came from city 
funds. The research leading up to it and the design 
and the execution were funded through external 
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sources, federal funding streams, GLRI, U.S. Forest 
Service, or foundations, or getting the community to 
be stakeholders and utilize funds from contractors 
that were working, they got the bid, and then they 
said, “Well, this is a great project, can I help? Let 
me donate pavement and footings and different 
things.”  

So, what’s important here, and I think all the time, is 
what do I need to execute a project? I need to show 
that it works. So, we have a wetland restoration, we 
have a requirement to test for five years so I have to 
have that in the project monitoring to show that I’m 
effective. A lot of quality’s improved significantly. 
We have more habitat, we have more wildlife, we 
have more utilization by our citizens. I think that’s 
the important thing about this workshop, is that 
everybody’s here and everybody has knowledge to 
contribute, everybody’s a piece of a puzzle and the 
solution.  IF you want to implement a real-world 
project, you have to think about how you fit into 
that puzzle. That’s something that this group could 
add, a repository of all the puzzle pieces, so that 
I am not left with only whatever my expertise is. I 
need to have all the puzzle pieces, otherwise we’re 
not going to be successful. 

Our lab in Racine always had an environmental 
component. But through almost 30 years now of 
working is that I can generate the best data in the 
world, and I can publish all my wonderful data, but 
working for a municipality and not a university, 
it’s like, “Oh, that’s great that you can do that, but 
how is that a benefit to us?” So, I have to translate 
any sort of academic effort that I put forward 
into something that’s a useful tool, so it’s more 

of an applied science perspective. I’ll translate it 
to health. We are as healthy as the ecosystem we 
live in, and so as a result the health department 
has been bought into doing the engineering and 
conceptual redesign of parks to create natural 
resource areas and capture stormwater and create 
accessibility is health.

Phil Enquist: I’m a late arrival to this conference 
and am truly impressed with what I’m hearing. I’m 
at Skidmore, Owings & Merrill Chicago as an urban 
planner, design professional. I’ve been working in 
the academic world and the science research world 
also. I just want to describe a case example that may 
help to focus a path forward. 

Arizona State University two years ago took on this 
initiative, Ten Across (10X) Media Project looking at 
all of the major cities along the I-10, a vision of the 
U.S. as revealed by the I-10 corridor stretching from 
Los Angeles to Jacksonville, a transect featuring the 
major challenges of the 21st century in the highest 
relief also including Phoenix, Tucson, Houston, New 
Orleans, Baton Rouge. They are looking at these 
cities and the commonalities related to energy 
challenges and water challenges. In their first 
meeting Arizona State University reached out to 
Louisiana State University, held their first conference 
in Baton Rouge at the Water Institute there with 
their simulation of the Mississippi River Delta. Last 
year was in Phoenix and highlighted work that Los 
Angeles, Phoenix, and Tucson are doing together 
related to water. For me, it’s an unprecedented 
example of looking holistically at separate but 
shared approaches as a group that didn’t see much 
commonality. 

That’s something that this group could 
add, a repository of all the puzzle 
pieces, so that I am not left with only 
whatever my expertise is. 
   -Julie Kinselman



145

II.
 W

O
RK

SH
O

P 
PR

ES
EN

TA
TI

O
N

S

The West with no water, the East with far too much 
water, Houston dealing with droughts and severe 
flooding. With all these cities coming together 
and sharing their stories and solutions, they have 
brought together the people that manage the 
Mississippi River or manage the Colorado River, 
and other major water systems at a regional scale. 
Arizona State University has been the convener, 
enabling an interdisciplinary and multi-regional 
group to step up and said they own this subject. 
And in a way, Phoenix needs to, because they are 
so water-challenged. And very self-critical of urban 
systems, and there’s an overlay or a focus on next-
generation urban systems. So, there’s a city focus 
here. 

And I was so inspired by Margaret Noonan’s 
talk this morning, starting off talking about the 
holistic, the single word Michigawa, with its 
original meaning, “the whole lake system.” We 
think so much in fragmented silos. The University 
of Wisconsin-Milwaukee could be the convener of 
cities coming together around the Great Lakes in 
a way to bring cities and urban growth in balance 
with natural systems and health. I think the 
health piece is really critical to be included. With 
UWM as the convener, Great Lakes cities need to 
come together and share not only the challenges 
but their solutions, and then their sort of post-
occupancy research based on the solutions that 
have been built. 

Don Watson: Which department of Arizona? Which 
school? 

Phil Enquist: The Office of the President, coming 
from Michael M. Crow, Arizona State’s President. 

Duke Reiter, Office of University Affairs, is director 
of this program, under the Office of the President as 
opposed to any one school or discipline. 

Carol Miller: The Arizona project gets funding 
from National Science Foundation, one of the NSF 
sustainability research networks, and an example 
of the models to consider going forward, as 
sustainability research network. 

Steve Apfelbaum: Michael Crow’s office has also 
convened a global study of grazing and grassland 
restoration on the planet, a very different way to 
engage the academics and bring landowners in and 
scientists in. I was just going to reflect on – I don’t 
know if this is the right group to think about it, but I 
heard a suggestion that this might be. 

When we went to the county to get permits, one 
of the first impediments we hit was the ordinances 
that required roads to be 34’ curb to curb. We 
said, “We want 14-21’ roads,” and they said, “It’s 
impossible to get a firetruck to a house, and it’s 
impossible for that matter to get a moving truck 
to the houses to move people in.” We admitted, 
“Well, that would be counterproductive, if people 
bought homes and couldn’t move in.” So, we rented 
a WalMart parking lot from 1:00 to 4:00am in the 
morning and laid out different orange cones. And 
traffic engineers did this, not ecologists… orange 
cones with different turning radiuses and widths. 
We produced a certified video of the effectiveness 
of the narrower widths., approved after being 
considered by a traffic engineer at the county 
level and the municipality. And that was 1992. 
Fast-forward to 2005, and the Congress for New 
Urbanism put together their road standards and 

....to bring cities and urban growth 
in balance with natural systems and 
health. I think the health piece is really 
critical to be included. 
    -Phil Enquist
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the American Society of Civil Engineers put their 
road standards together. Everyone of them, the 
minimum standards in those books confirmed the 
New Urbanism guidelines for urban projects. Before 
those volumes came out, it was brain-damaging 
walking into municipalities. 

Fast forward to stormwater management: The 
stormwater management entrenchment is even 
more entrenched. So, we’re working in Houston 
post-Harvey with 35 inches of rainfall where we’re 
working, 52 inches right down the road. That place 
is gridlocked now on the water issue, because 
nobody can come together on what the new normal 
is. The only way to work with a system is to bring 
system thinking at some level of system standards. 
And if academics can feed into documenting, and 
practitioners can feed into documenting or creating 
the manuals or the Bible around these subjects, it’s 
so critical to scaling and advancement. So, whoever 
said that before is so right. 

Patrick Lucey: Listening to this group which is 
focused on the Great Lakes, and thinking back to the 
work that Steve was just talking about what we’ve 
been doing in the West, ironically enough, most 
of our continental patterns of sharing are North-
South, not East-West. And so, we tend to work very 
closely with people in Oregon, and Montana, and 
California, rather than coming up here. And so, 
the first comment is perhaps what you’re looking 
for is a community-based landscape strategy that 
builds capacity for collaborate partnerships and 
stewardship. It is about bringing people together 
from all of these different levels and cutting across 
these more traditional barriers. 

The second is that while the focus of this group 
is on sustainable urban systems, ignoring the 
watershed, especially the headwaters, will 
absolutely lead to failure. You cannot be successful 
at the coastline, because at the coastline, whether 
you’re at the lake or the ocean, you’re at the 
bottom of the gravity well. You get what everybody 
else sends you, and if it’s not very good quality it 
doesn’t matter what you’re going to do. It’s not 
going to make much of a difference. 

I don’t know the gentleman who spoke from the 
very far corner, but he raised the point that is my 
third comment. So, who else is facing the same 
challenges that you’re contemplating? And what 
are their questions? What are the questions that 
they’re struggling with, and what insights have 
they learned? And what metrics of success have 
they adopted? All too often, I think we fail to 
understand what it is we need to know to decide 
if what we’ve done is what we should’ve done. So, 
what is the metric of success? 

One last point, to respond to the comment as to 
who is missing from this group? Who is not present 
who should be? When we started working with 
integrated design teams, we found that the most 
important person sitting at the table who usually 
wasn’t there was the contractor. The team would 
get together, come up with a design, and then 
put it up to an RFP. And usually, you would hire 
the cheapest contractor. And they were not a part 
of that design process. The moment we include 
the contractor, who’s going to have to build what 
we’re designing, in the room from day one, it 
fundamentally changed how we went above doing 

perhaps what you’re looking for is a community-based landscape strategy that 
builds capacity for collaborate partnerships and stewardship. It is about bringing 
people together from all of these different levels and cutting across these more 
traditional barriers. 
          -Patrick Lucey
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the design. Because about 20 minutes after a bunch 
of really smart, egotistical designers got together, 
the contractor would say, “I can’t build that. Well, 
actually, I can, but it’s going to cost you three times 
as much, and it’s not going to work anyway.” That 
to me is a crucial point. Who should be in this room 
and isn’t?

Carol Miller: Jim, I would suggest, since you’re the 
only one with your hand up right now, this is a good 
time for you to give comments and think about how 
you’re going to close up all these ideas. 

Jim Wasley: I want to throw out one more model as 
a participant rather than a conference coordinator. 
The other way that this kind of expertise could do 
something amazing would be that there was some 
kind of a “moonshot.” What I’ve heard today has 
been affirming of my world view, which is practice 
and design-centric, and that we’re here to clear 
roadblocks and to gain assistance in that activity.
 
There are probably other perspectives in the 
room that would see the priorities reversed. But 
when you talk about projects, we’re either talking 
about innovating in small ways in real projects or 
dreaming up a big hypothetical project such as 
a vision of what we would like to see the future 
to look like. And I want to throw that out as an 
alternative organizing strategy. Would that motivate 
more interesting collaboration and participation, 
to be working on something projective rather 
than something so grounded in the reality of the 
applied?

Steve Apfelbaum: So, was the Inner Harbor Design 
Charrette, or whatever it was called a couple of 

years ago, and that was intended as a “moonshot.” 
How has that played out in terms of actually things 
happening on the ground? The Solvay project 
right across the road is under construction. Did 
the charrette influence any of that? Is that’s a 
“moonshot” example?

Don Watson: The two strategies that Jim just talked 
about (starting with small project focus in the 
here and now vs. starting with a larger vision) are 
not mutually exclusive.  The Natural Step process 
[thenaturalstep.org/approach] first established 25 
years ago by the UN begins with the shared vision 
of future desirable conditions and “backcasts” steps 
to the present existing conditions as a template 
in working with communities on sustainability 
issues. I would reinforce Patrick’s comment, that 
the developer, contractor, banker, doer, be part of 
the team, familiar in architecture brainstorming 
representing “constructability,” in which 3-D and 
virtual reality simulation are great visual aids, 
essentially building the project in virtual space to 
understand its process in time and space.  To do big 
projects, to do projects at the scale of impact, takes 
all the scale of project management that developers 
do very well when they do it. 

Margo Davis: I’ll be really brief. If this group does 
decide to continue and get back together, I think 
IAGLR [the International Association for Great Lakes 
Research] would be a really good place, especially 
maybe if there’s a session related to linking 
sustainable urban water systems, specifically a tract. 
And so, some of these case studies and evaluations, 
some of the things Dick was talking about. Also, 
I’ll just put in a plug for also the Great Lakes and 
St. Lawrence Cities Initiative, so a great place to 

...starting with a small project focus in the here and now vs. starting with a larger 
vision are not mutually exclusive. The Natural Step process... begins with the shared 
vision of future desirable conditions and “backcasts” steps to the present existing 
conditions as a template in working with communities on sustainability issues. 
          -Don Watson
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intersect this with policy. I believe that their next 
meeting is in Quebec City.

Jim Wasley: John Dickert, their Executive Director, 
just stepped down. I recently had coffee with him. 
He said, “What we don’t have is research. We’ve 
got a lot of mayors who want solutions and they 
were willing to implement them if they were 
presented with them. They need research.” So, 
that’s just a takeaway. 

Neal O’Reilly: I am Conservation and 
Environmental Science Director at UWM. 
Building off of what you were talking about this 
“moonshot.” Every successful project starts with 
at least an agreement, everyone on the same page 
on something. And one thing I think we all agree 
on is we want to make change, and we want it to 
be successful. Whether I’m a mayor, whether I’m a 
developer, whether I’m a conservationist, whether 
I’m an engineer. We need to start there. And part 
of it means that we’re all at the table. 

I’ll give you an example. The Milwaukee Bucks 
just built the Fiserv Forum here in Milwaukee. We 
contacted them and said, “You know what? Your 
design is going to kill birds. Will you work with us 
on a solution?” And they said, “Yes. We don’t want 
to be the bad guy in the room.” We now have here 
in Milwaukee the first major arena built for bird 
safety. And so, why did that happen? Because they 
were willing to allow us as conservationists to be at 
the table. And so, what we need to do is make sure 
everybody’s at the table. 

Jim Wasley: I don’t know how quite to wrap this 
up. I do have another few questions to ask about 
whether certain topics matter to people. The 
elephant I was expecting to be in the room is that 
every single one of these port cities is an Area 
of Concern (AOC), and there’s the Great Lakes 
Restoration Initiative, a multi-year, multi-billion-
dollar effort targeted at addressing them. I assume 
that there are science and engineering groups out 
there sharing information about GLRI projects. I 
know there’s a great big EPA website full of project 
lists. The question is, are they learning anything 
from each other, and is the science of habitat 
restoration advancing? Because when I listen to 
John, I think, “Wow. Science just discovered life in 
the Inner Harbor. That’s amazing.” And I assume 
that’s what they’re all trying to restore. Does 
anyone have an answer to that? Is the GLRI itself an 
organizing force?

Val Klump: Well, it could be. What has been 
accomplished by the Great Lakes Restoration 
Initiative (GLRI) is remarkable. An investment of 
approximately $2.5B has supported some 4700 
projects since 2010.  It is important to note, 
however, that by any measure, this represents only 
a down payment on the restoration task at hand. 
Deterioration of this ecosystem has a legacy going 
back well over a century.  Restoration will not be 
a quick fix.  It is essential, therefore, to commit to 
transitioning the GLRI from a renewable “initiative” 
subject to the annual vagaries of federal budgets to 
a sustained, ongoing program.  The United States 
and Canada should develop a restoration effort 
that realistically matches our investment to the 
magnitude of the problems and challenges faced, 
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and commit to complete restoration, sustained 
protection and economic sustainability of the lakes 
by 2040.  

Now I get push back on both sides of this timeline.  
Some say “that’s way too long, we need to move 
faster”, others say “that’s not enough time – 
because of the cost and complexity – it will take 
longer”.  

But setting a target date to restore the Great 
Lakes ecosystem is, I think, critical and it highlights 
three important issues:  1) restoration (i.e. the 
“fix”) will need to be a long-term commitment, 
2) the financial resources committed must be 
commensurate with the scale of the effort required, 
and 3) it is doable within our generation on whom 
the responsibility resides.  We can and should 
debate the date.  We can and should debate and 
examine what “restoration” really means, because 
there is no turning back the clock. This system will 
never again look how it did in the past.  But we 
cannot debate the need or our duty.

Right now we are harvesting the low hanging fruit 
of restoration.  It is not going to get easier, however, 
unless we understand completely what we are 
doing.  That means understanding how the system 
functions. Because you cannot manage something 
unless you know how it works.   This takes science.  
We want to forecast the future.  Well, this requires 
an array of models of how the system works, 
backed up and verified by enough data to make 
sure these models are as accurate as we can 
make them.  And, frankly, I can tell you we don’t 
understand it well enough or have the data.  

For example, the Great Lakes Observing System 
(glos.us) is part of a national program for the 
integration of ocean observations. The whole idea 
is to integrate and to monitor the coastal ocean 
of the United States. GLOS is one of 11-regional 
associations, has the longest coastline of any of 
these (by far), yet is funded at the lowest level of 
any - only $1.3 million dollars a year to monitor the 
Great Lakes? Give me a break.  This is a problem.  
The scientific community is starving, and without 
the science it will be difficult, if not impossible, in 
the long run to develop restoration actions and 
strategies that are cost effective and permanent – 
especially in light of how fast the system is changing 
– think invasive species or climate change. 

That’s one of the reasons why Carol and I are 
pushing for a decadal scale science and research 
plan in the Great Lakes in our role as members 
of the IJC’s Science Advisory Board, so we can 
understand what the future is going to look like. 
Drew’s whole presentation was about fluctuation 
water levels. You think that’s not important for the 
hydrology system that’s critically important to all of 
everything we’re doing here? This activity is terrific. 
I mean, this is the kind of network we need so that 
the guys across the street do something a little 
bit more imaginative than what they’re currently 
tasked to do here. 

And so, I agree that we need the science. And we 
need the academics. We need John’s map. I mean, 
he didn’t just come up with that out of the blue. It 
came up from the fact that John had been studying 
fish for 30 years. He understands – 

The United States and Canada should 
develop a restoration effort that 
realistically matches our investment 
to the magnitude of the problems and 
challenges faced... 
   -Val Klump, UWM
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John Janssen: Forty. Forty.

Val Klump: Forty years. Whatever. 

John Janssen: Well, since I was three.  

Val Klump: Seventy years. And he’s trained the 
students who will do the work in the future. And 
that’s the other thing, is we are not creating the 
human capital to understand the system well 
enough to deal with all these problems that we 
are not going to fund anyway. So, we need to tell 
the public A) you need to fund this Great Lakes 
Restoration Initiative for the next 20 years so that 
we get out of this, and we can do it. I mean, we’re 
like the third largest economy in the world. Six 
trillion dollars. Don’t tell me we cannot afford to 
do this and fund it adequately.  We’re spending 
$1.2 billion just to remove PCB’s from the lower 
Fox River in Green Bay. That’s four years of 
restoration work.  Furthermore, economists tell 
us that the benefits of restoration will have 2-fold 
or more economic returns that will accrue almost 
immediately, and more importantly will ensure and 
enhance the economic vitality for our region in the 
long term.
 
So, this is a tractable problem. And what you 
have to do in order to fund it, because that is 
the problem. You can’t do anything without the 
resources. You need to have a way of funding it. 
Minnesota passed a 3/8 and 1% sales tax that they 
call their – I forgot – their environmental legacy 
fund or something like that. Passed it in 2008 at 
the bottom of the recession, I might add. They 

raised 2 billion dollars in that 10 years. That’s almost 
as much as we’ve spent on the yearly GLRI initiative, 
since 2010.  

 Or how about a surcharge on water use of a few 
cents per 100 gallons?   It would amount to about 
10 cents a week per person – but would l generate 
$200 million a year in this basin. You could use that 
money to try to understand what the heck we’re 
doing. We’re not going to restore anything with 
that kind of dough, but you could understand and 
predict what the future will look like. 

Jim Wasley: We do need to wrap up. Val, I’m glad 
you made that soapbox speech. It made everything 
I was going to say pale in comparison. So, I guess 
I won’t enumerate other strategies. I think that 
you captured a whole bunch of ideas. I hope we 
continue. 

I want to thank everybody tremendously for 
coming, and I hope to see you again, soon. 
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Steering Committee and Workshop Team (left to right):
Nancy Frank, Lara Treemore-Spears, Carol Miller, Jim 
Wasley, Natalie Lyon, Don Watson
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Professor James Wasley

Principle Investigator

Freshwater Plaza Stormwater Demonstration Fountain
Image courtesy of James Wasley
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Appendix A:
Case Study Nominations List 

and Summary of Issues Raised
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1. The Milwaukee Waterfront Suite: Five Projects 
Linking Green Infrastructure and Aquatic Habitat
Author/ Follow-up Contact Person:  Jim Wasley, 
UWM

2. NRDA Fishery Habitat Restoration in Lower 
Green Bay, WI
Author/ Follow-up Contact Person: Heidi Anderson, 
Edgewater Resources

3. Middlegrounds Metropark
Author/ Follow-up Contact Person: Emily McKinnon, 
PE, SmithGroup

4. William G. Milliken State Park, Phase 2 Lowland 
Park
Author/ Follow-up Contact Person: Designer: Bob 
Doyle, SmithGroup (Case study written by Cassie 
Goodwin)

5. Port Lands Flood Protection
Author/ Follow-up Contact Person: Christopher 
Glaisek, Waterfront Toronto

6. Don River, Toronto, CA
Follow-up Contact Person: Steven Apfelbaum, AES

7. The Wild Mile: A Vision for Urban Habitat 
Author/ Follow-up Contact Person: Rachel Mome-
nee, Tanvi Parikh, Phil Enquist, SOM Chicago

8. A Framework fo rthe Future of Detroits East 
Riverfront
Author/ Follow-up Contact Person: Rachel Mome-
nee, Phil Enquist, Tanvi Parikh, SOM Chicago

LINKING G.I. AND AQUATIC HABITAT

CASE STUDY 
NOMINATIONS
LIST
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OTHER SYNERGISTIC LINKAGES WITH WATER AS 
THE COMMON DENOMINATOR

9. Prairie Treatment System – Ochsner Park Zoo 
Black Bear Exhibit 
Follow-up Contact Person: John Ferris, PE - GZA 
GeoEnvironmental 

10. Sustainable Stormwater Distribution Design 
and Water Quality Risk Assessment for Alice’s 
Garden Urban Farm Irrigation System 
Follow-up Contact Person: Janeé Pederson, EIT

11. Upstream at the Village: Green Infrastructure 
in Historic Williamsville, 
New York
Author/ Follow-up Contact Person:  Dennis A. 
Andrejko, FAIA

12. Euclid Waterfront Improvements 
Author/ Follow-up Contact Person:  Jason Stang-
land, Waterfront Director, SmithGroup

13. Howard Marsh Metropark
Author/ Follow-up Contact Person: Emily McKin-
non, PE, SmithGroup

14. The Sandburg Commons Green Roof w/ WI 
Dry Prairie plantings
Follow-up Contact Person: James Wasley, UWM

15. The Golda Meir Green Roof and Integral 
Photovoltaics
Follow-up Contact Person: James Wasley, UWM

16. Freshwater Plaza Stormwater Demonstration 
Fountain
Follow-up Contact Person: James Wasley, UWM

17. Prairie Treatment System – Coughlin Center 
Follow-up Contact Person: John Ferris, PE- GZA Geo-
Environmental

18. Robbins:  Resiliency as  Catalyst for Change
Author/ Follow-up Contact Person: Rachel 
Momenee, Phil Enquist, Tanvi Parikh, SOM Chicago

19. GreenSeams
Follow-up Contact Person:  Steven Apfelbaum, AES

20. Seneca Meadows Reserve, Seneca Falls, NY
Follow-up Contact Person: Steven Apfelbaum, AES

21. The hydrologic and ecologic effects of green 
infrastructure within urban coastal catchments 
(Wisconsin Sea Grant supported)
Follow-up Contact Person: Steve Loheide, UW Mad-
ison
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CASE STUDY NOMINATIONS OVERVIEW

Two case study nomination forms- one very specific, one general- 
were developed in the process of organizing the workshop. They 
were distributed to workshop invitees, with the request to distribute 
widely. To date, this has generated 22 case study nominations, 
ranging from completed projects both small and large, to projects 
under construction to completed masterplans and academic research 
projects. Several of these projects are the subject of talks presented 
at the workshop, and are more extensively described in the workshop 
transcriptions.  

The first set, ‘Linking Green Infrastructure with Aquatic Habitat on 
the Urban Waterfront,’ involves projects that explore the urban land/
water interface specifically. This focus was highlighted throughout 
the workshop as an illustrative example of a linkage that presents 
challenges to innovative implementation, from technical to 
jurisdictional, regulatory and funding. These case studies illustrate 
both barriers and opportunities for creative solutions. 

The second set, ‘Other Synergistic Linkages with Water as the Common 
Denominator,’ is a more wide-open call for projects that capture the 
current state of practice in sustainable urban water systems within the 
Great Lakes Basin. 

Assembled extremely quickly, this collection is by no means 
representative of the full range of innovative practice. They do 
represent the seed of what we would propose would become an 
expansive data base of Sustainable Urban Water Systems case studies, 
highlighting the synergistic linkages that are being explored through 
cutting-edge practice. See CASE STUDIES in the CONCLUSIONS AND 
RECOMMENDATIONS.

SUMMARY OF 
ISSUES RAISED
James Wasley, P.I.
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LINKING GREEN INFRASTRUCTURE AND AQUATIC HABITAT 
RESTORATION ON THE URBAN WATERFRONT

1. The Milwaukee Waterfront Suite: 5 Projects Linking GI and Aquatic 
Habitat
(ASLO SEE PRESENTATION 10)
Follow-up Contact Person: 
James Wasley
Location: Milwaukee, WI
Design Team: Various
Other Champions and Key People: MMSD, City of Milwaukee, Fund for Lake 
Michigan, Wisc. DNR
Project Dates: Varies. All but KK river still in design. 

These five grouped case studies are the illustrative projects used to 
pose the focus question of how best to manage the conflicts and 
opportunities inherent in combining stormwater management goals 
with aquatic habitat restoration goals. Taken together, the question 
that they pose are:  

•	 What are the standards required to make this linkage from 
regulatory and funding source criteria perspectives? And are these 
standards coherent, consistent, and reflecting the current state of 
art? 

•	 What is the current state of the art in the technical question 
of cleaning and managing the other dimensions of stormwater 
being introduced into aquatic habitat, especially given the space 
constraints of urban work? How can stormwater be managed 
most effectively in the smallest possible footprint to meet the 
appropriate standards? 

•	 And how can these separate, relatively small public projects, with 
other civic responsibilities besides stormwater management and 
aquatic habitat restoration, work together synergistically as a 
single ecologically connected web? 

2. NRDA Fishery Habitat Restoration in Lower Green Bay, WI
Contact Person: Heidi Anderson, Edgewater Resources
Location: South Bay Marina, Green Bay, WI
Design Team: Edgewater Resources, LLC
Other Champions and Key People: McDonald Companies, Applied Ecological 
Services, WDNR, USFWS, Lower Green Bay and Fox River NRDA Council.
Project Dates: Completed Final Concept Design and preparing for 
Environmental Permitting. The project will be constructed in 2020.

To be constructed in 2020, the South Bay Marina Project is focused 
on fishery habitat enhancement and creation, shoreline protection, 

Grand Trunk Wetland

Kinnickinnic River 

Greenfield Slip

Burnham Canal

Lake 
Park 

Lagoon

What are the standards 
required to make this 
linkage from regulatory 
and funding source 
criteria perspectives? 
And are these standards 
coherent, consistent, and 
reflecting the current 
state of art?
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and providing public access to Lower Green Bay. The design approach 
is a hybrid of green infrastructure principles with coastal engineering 
practices. 

The linkages highlighted include the management of parking lot 
runoff adjacent to the aquatic habitat restoration project, the multiple 
civic and ecological goals for the project, and the resulting need 
for extensive public participation in the design process.  Agency 
concern over the amount of fill on the lakebed, and with the size and 
location of structures so as not to negatively impact water quality, are 
identified as obstacles overcome.  

3. Middlegrounds Metropark- Toledo, OH
(ALSO SEE PRESENTATION 6)
Contact Person: Emily McKinnon, PE, SmithGroup
Location: Toledo, OH
Design Team: SmithGroup
Other Champions and Key People: Metroparks Toledo
Project Dates: Design 2013-2015, Construction 2015-2016

Reclaiming a half mile of Maumee River frontage, this project 
links a 28-acre former rail yard habitat restoration project with 
the stormwater management of an adjacent Ohio Department of 
Transportation construction/ rehabilitation project of the Anthony 
Wayne Bridge. Two acres of impervious surface on the bridge are 
drained through a spatially constrained but highly elaborate wetland 
treatment train before being released into the Maumee river at a 
newly created Kayak launch. 

The two linkages highlighted point towards the technical challenges 
and aesthetic potentials of managing urban runoff to be compatible 
with aquatic habitat restoration, and to the economic benefits and 
project complexities of creating collective stormwater strategies 
shared by multiple parties. 

4. William G. Milliken State Park, Phase 2 Lowland Park- Detroit, MI 
(ALSO SEE PRESENTATION 6)
Contact Person: Designer: Bob Doyle, SmithGroup (Case study written by 
Cassie Goodwin)
Location: Detroit, Michigan
Design Team: SmithGroup
Other Champions and Key People: Michigan Department of Natural Resources
Project Dates: Completed in 2010

Once a brownfield site underlain with contaminated soil and 
abandoned infrastructure, Detroit’s riverfront William G. Milliken 

Agency concern over 
the amount of fill on 
the lakebed, and with 
the size and location of 
structures so as not to 
negatively impact water 
quality, are identified as 
obstacles overcome. 
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Park is part of a long-term economic strategy to catalyze capital 
investment in mixed-use redevelopment on the surrounding 12.5 
acres of adjacent parcels.

The park serves as a stormwater demonstration facility, with an 
elaborate treatment train feeding into an irrigated wetland perched 
on capped brownfield land. The Detroit river is linked by the 
treatment of the urban runoff that it receives, but also by the fact 
that the created wetland can be irrigated with river water during 
dry periods.

5. Port Lands Flood Protection- Toronto, Ontario
(ALSO SEE PRESENTATION 8)
Contact Person: Chris Glaisek, Waterfront Toronto
Location: Toronto, ON
Design Team: Michael Van Valkenburgh Associates (landscape 
architecture  & prime consultant), Geosyntec (river geotechnical 
engineering), LimnoTech (hydrologic design), Inter-fluve (ecology), 
Dougan and Associates (wetland and meadows), Olsson Associates 
(soil), Jacobs (earthworks), WSP (civil engineering), GEI Consultants 
(marine engineering), Landtech (irrigation), RJC (structural engineering), 
Smith+Anderson (electrical), Domingo Gonzalez Associates (lighting)
Other Champions and Key People: Toronto Region Conservation (TRCA)
Project Dates: 2004-2024

The Port Lands Flood Protection project is a 20 year/ $1.25 billion 
infrastructure investment with three integrated objectives: flood-
protecting the entire 715-acre flood plain at the mouth of the Don 
River adjacent to downtown Toronto by constructing a new river 
mouth with storm surge relief points; naturalizing the river banks 
through the construction of 74 acres of functional wetlands that 
will create habitat and help improve water quality, and; leveraging 
the new landscape to catalyze sustainable urban revitalization. 

The Don River project presents an encyclopedia of innovative 
sustainable urban water systems linkages. Highlighted here is the 
fact that the project was initiated through a multi-disciplinary 
international design competition and is being run by a Landscape 
Architect, rather than an Engineering firm, insuring that civic 
placemaking and ecological restoration remain at the center of 
concern. 

The linkage of flood control and aquatic habitat restoration involves 
significant innovation to ensure that the naturalized river is 
allowed to evolve within limits and the restoration work will not be 
washed out by flooding. Riverine wetlands are used in part to filter 

...The Detroit river is 
linked by the treatment 
of the urban runoff that 
it receives, but also by 
the fact that the created 
wetland can be irrigated 
with river water during 
dry periods.

The Don River project 
presents an encyclopedia 
of innovative sustainable 
urban water systems 
linkages. Highlighted 
here is the fact that 
the project ... is being 
run by a Landscape 
Architect, rather than 
an Engineering firm, 
insuring that civic 
placemaking and 
ecological restoration 
remain at the center of 
concern. 
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stormwater, while lake connected wetlands are strictly dedicated to 
habitat creation. 

The project also points to the link between the urban waterfront and 
its contributing watershed. Though this project should improve water 
quality entering Lake Ontario, the highly urbanized Don river will not 
be substantially cleaner until the parallel Wet Weather Management 
Plan addresses Toronto’s combined sewer outfalls upstream of the 
Project. 

6. Don River, Toronto, Ontario
Contact Person:  S Apfelbaum 
Location: Toronto
Design Team: MVVA, Limnotech, Applied Ecological Services, Inc, many others
Other Champions and Key People:  Regional conservation authority, Toronto 
waterfront corp.
Project Dates: Mid 2000’s to present day

This case study nomination was contributed by workshop speaker 
Steve Apfelbaum, who’s firm, Applied Ecological Services, has had a 
role in the early planning of the project above. Multiple nominations 
are welcome, as they each represent a unique perspective. 

One linkage of interest here is the reference to UV sterilization being 
required to treat stormwater runoff. Whether this represents the state 
of the art, or a barrier to innovation to be overcome, will be a topic of 
case study research. 

7. The Wild Mile: A Vision for Urban Habitat- Chicago, IL
Contact Person: Rachel Momenee, Tanvi Parikh, Phil Enquist
Location: Chicago, IL
Design Team: Skidmore, Owings & Merrill LLP, Urban Rivers, TetraTech, Omni 
Ecosystems, Near North Unity Program, OH Community Partners
Client: The City of Chicago Dept. of Planning and Developement
Project Dates: Design Completion 2019

The “Wild Mile” is the City of Chicago’s plan to restore wildlife habitat 
and create diverse public open spaces along a rapidly redeveloping 
one-mile stretch of the hard-walled Chicago River. Comprised of 
floating gardens, public walkways, and restored riparian edges, the 
project is designed to reinstate the river as a public trust.

One barrier to innovation identified here concerns the urban river 
or industrial canal as a specific type of project site, and the legal 
limitations of working on Federally designated ‘navigable waterways,’ 

Both the permitting and 
the establishment of a 
management structure 
for the project are 
without local precedent; 
suggesting the need 
for case study research 
into the ‘Sustainable 
Urban Water Systems of 
Navigable Waterways.’ 

Riverine Wetlands

Stormwater Runoff Treatment Process
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regardless of their current urban situation. Adding to this complexity, 
adjacent properties legally extend to the center of the channel, 
involving property owners in all decision-making. Both the permitting 
and the establishment of a management structure for the project are 
without local precedent; suggesting the need for case study research 
into the ‘Sustainable Urban Water Systems of Navigable Waterways.’ 

8. A Framework for the Future of Detroit’s East Riverfront- 
Detroit, MI
Contact Person: Rachel Momenee, Phil Enquist, Tanvi Parikh
Location: Detroit, MI
Design Team: Skidmore, Owings, & Merrill LLP, Michel Desvigne Paysagiste 
(MDP) / Inessa Hansch (IHA), McIntosh Poris Associates, HR&A Advisors, 
Giffels Webster, Rich & Associates, E. Austell Associates, AKT Peerless, 
Kraemer Design Group
Client: Detroit Riverfront Conservancy, The City of Detroit Dept. of Planning 
and Development
Project Dates: Design Completion 2017

This framework plan lays out a vision for integrating stormwater 
management, aquatic habitat development, and public amenity 
creation at the water’s edge, with the goal of facilitating economic 
redevelopment. 

The nomination highlights several additional topics of case study 
research. The development a stormwater strategy on public lands is a 
response to stormwater fees being assessed on property owners with 
no functional ability to comply. This suggests an initiative to catalog 
such code review processes, documenting their intentions and their 
impacts. 

Two other barriers to innovative solutions flagged here are the 
complexities of public land ownership of vacant lots in Detroit and 
resistance to lowering the sheet pile wall in order to naturalize the 
river’s edge. The first issue thwarted the initial design, while the 
second issue has been overcome. 

Woodward  
Corridor

Grand Circus

Downtown
Detroit

Ren Cen

Bringing the Riverfront Back to Life  
Leveraging the ecological, social and historic assets of the 
site to create a new, authentically Detroit district

“... a bold, 
new, and more 
democratic 
vision... to create 
three zones 
of public 
parkland on 
the riverfront...”  
- The Detroit Free Press

The development a 
stormwater strategy 
on public lands is a 
response to stormwater 
fees being assessed on 
property owners with 
no functional ability to 
comply.
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The question posed is 
what an appropriate 
level of treatment should 
be, given the goal of 
stormwater reuse as a 
resilient stewardship 
practice...

OTHER SYNERGISTIC LINKAGES WITH WATER AS THE COMMON 
DENOMINATOR

9. Prairie Treatment System – Ochsner Park Zoo Black Bear Exhibit- 
Baraboo, WI
Contact Person: John Ferris, PE - GZA GeoEnvironmental 
Location: Baraboo, Wisconsin 
Design Team: John Ferris, PE 
Other Champions and Key People: Tori Spinoso curator for the Ochsner Park 
Zoo 
Project Dates: August 2015 – September 2016

This small project nomination in Baraboo Wisconsin (technically 
outside the Great Lakes Basin) offers a clear case study of a subsurface 
wetland filtration system for a natural swimming pool, where the 
pool evades regulatory scrutiny in the fact that it is designed for a zoo 
exhibit. While involving nither stormwater nor aquatic habitat, the 
recirculating ecological filtration system suggests application in the 
confined urban spaces that prompted the illustrative examination of 
that linkage. 

The research need called out is for performance monitoring and 
validation of the underlying design assumptions, which are based on 
the design of wetlands for wastewater treatment. 

10. Alice’s Garden Urban Farm Stormwater Irrigation System- 
Milwaukee, WI
Contact Person: Janeé Pederson, EIT 
Location: 2136 N. 21ST ST. Milwaukee, WI 
Design Team: Kara Koch, PE and Janeé Pederson, EIT GZA GeoEnvironmental 
Other Champions and Key People: Justin Hegarty, P.E., LEED A.P. – Executive 
Director of Reflo, MMSD, MPS 
Project Dates: 2017-2019

A second small project nomination provides a case study of urban 
stormwater from a hard-surfaced urban school play-ground harnessed 
to provide irrigation for urban agriculture in the adjacent community 
farm. 

The narrative lays out a series of alternative strategies for risk 
mitigation in handling both the water and produce that were clearly 
discussed before arriving at the final design, which is noted as being 
both intimidatingly complex and expensive. The question posed is 
what an appropriate level of treatment should be, given the goal of 
stormwater reuse as a resilient stewardship practice. This suggests a 

Water From Treatment 
System

1. BioSwale
(Sedimentation)

2. Engineered Soil
(Filtration)

3. 20,000 gal. Cistern
(Sedimentation)

4. 10-Micron Cartridge
(Filtration)

5. 0.5-Micron Carbon Cartridge
(Filtration)

6. UV
(Disinfection)

How Much Treatment is Needed for Proper Reuse?

To Garden Plots

The research need 
called out is for 
performance monitoring 
and validation of the 
underlying design 
assumptions, which are 
based on the design of 
wetlands for wastewater 
treatment. 
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range of research projects, from assembling code reviews and case 
studies across the Basin, to the development of alternative treatment 
strategies and technologies.

11. Upstream at the Village: Green Infrastructure in Historic 
Williamsville, New York
Contact Person:  Dennis A. Andrejko, FAIA
Location:  Village of Williamsville, New York (Western NY – Buffalo)
Design Team: Didonato Engineering and Architectural Professionals, Joy Kueb-
ler Landscape Architect, PC
Other Champions and Key People: Village of Williamsville, New York
Project Dates:  Spring 2015 – Fall 2016

An underutilized road and neglected parking lot is transformed into 
a vibrant village hub while addressing street flooding, erosion and 
sedimentation concerns, improving aquatic habitat in the creek 
adjacent to the project. 

While not directly on the hard-walled urban waterfront, this project 
links stormwater management with aquatic systems health through 
green infrastructure. Reference is made to data collection and 
monitoring- a potential resource. Finally, a common challenge is 
identified in that the now publicly attractive bio-swales and increased 
commercial activity have generated litter problems. 

12.  Euclid Water Improvements- Euclid, OH
(ALSO SEE PRESENTATION 6)
Contact Person:  Jason Stangland, Waterfront Director, SmithGroup
Location:  Euclid, OH
Design Team:  SmithGroup
Other Champions and Key People:  City of Euclid
Project Dates: Design 2009-2018, Construction 2013 Pier + 
2019 West Shoreline

A plan to improve a predominately privately-owned stretch of 
shoreline along Lake Erie, slated for completion in 2020. The design 
includes public access, new beaches, enhanced terrestrial and 
aquatic species habitat, a marina, and regional trail connections – all 
integrated with large-scale stabilization of the eroding shoreline and 
bluff through non-traditional, multi-beneficial coastal design. 

Reflecting the complexity of this type of land/water interface work, the 
nomination highlights several aspects of its multijurisdictional model 
as lessons learned; the fostering of collaboration amongst multiple 
property owners, leveraging funding sources and facilitating agency 
approvals. 

Upstream at the Village – Ellicott Creek and Falls in Glen Park 
 

 

 

 

“…close to realizing a brilliant lakefront project that could serve as a precedent...” – Next City

100 Homeowners + Community = Euclid Lakefront

the author calls for a 
focus on the designer’s 
task of re-balancing 
of changing urban 
and natural contexts, 
challenging the 
assumption that pre-
settlement conditions 
represent an effective 
goal. 
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Prefiguring a discussion threading through the workshop, the author 
calls for a focus on the designer’s task of re-balancing of changing 
urban and natural contexts, challenging the assumption that pre-
settlement conditions represent an effective goal. Education of 
stakeholders on this rebalancing, including agencies and legislators, is 
seen as an ongoing process.

13. Howard Marsh Metropark- Curtis, OH  (Toledo Metropark)
(ALSO SEE PRESENTATION 6)
Contact Person: Emily McKinnon, PE, SmithGroup
Location: Curtice, OH
Design Team: SmithGroup
Other Champions and Key People: Metroparks Toledo
Project Dates: Design 2014-2016, Construction 2016-2018

Described as the largest green infrastructure/ aquatic habitat project 
in the Midwest, Howard Marsh boasts a multitude of recreational 
opportunities across 750 acres of restored coastal marsh wetland 
habitats on former agricultural land. Technically, the project is a 
perched and irrigated wetland adjacent to Lake Erie. The pump station 
provides regulation of water elevations within the three wetland 
units individually while allowing critical fish passage between the 
wetlands and lake, providing nursery habitat. Secondary control 
structures within the units allow Metroparks to manage water 
levels independently or connected in order to aid in invasive species 
management.

According to the nomination, what makes Howard Marsh unique is 
its linkage of habitat and recreation. The Ohio Department of Natural 
Resources, Division of Wildlife, played a significant role in the project, 
committing several million dollars in land acquisition and wetland 
restoration – with the commitment to provide hunting and trapping 
recreational opportunities within the park. Ducks Unlimited was able 
to secure an additional $2.8 million-dollar grant through the Great 
Lakes Restoration Initiative. This programming draws nearby urban 
residents to visit.

14. The Sandburg Commons Green Roof- Milwaukee, WI
The Sandburg Commons Green Roof
Contact Person: James Wasley
Location: Sandburg Residence Hall, University of Wisconsin Milwaukee
Design Team: James Wasley, design. 
Other Champions and Key People:
Project Dates: Phase I summer 2008. Phase II summer 2011

Described as the largest 
green infrastructure/ 
aquatic habitat project 
in the Midwest, Howard 
Marsh boasts a 
multitude of recreational 
opportunities across 750 
acres of restored coastal 
marsh wetland habitats 
on former agricultural 
land. 
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This 34,000 s.f. project is the first vegetated roof built by the State of 
Wisconsin.  As such, it wrote the State specifications for Green Roofs. 

The linkage highlighted in this nomination is in the fact that a portion 
of the roof is planted in native and endangered Wisconsin dry prairie 
plants, linking ecological stormwater management to terrestrial habitat 
creation. The research question posed here is whether this native 
prairie roof is, in fact, successful both in terms of stormwater retention 
and native pollinator habitat creation. A second question would be 
whether case studies can be assembled of other green roofs in the 
basin planted with native species. A third question would be whether 
the goal of promoting urban bio-diversity in the Great Lakes Basin 
could be advanced by a policy of employing native and endangered dry 
prairie plantings on green roofs. 

15. The Golda Meir Green Roof and Integral Photovoltaics
Contact Person: James Wasley
Location: Golda Meir Library, 
University of Wisconsin Milwaukee
Design Team: James Wasley, design, ___________
Other Champions and Key People: Kevin Shafer, MMSD, Kate Nelson, Office of 
Sustainability, UWM
Project Dates: Phase I summer 2008. Phase II summer 2011

The 50,000 s.f. Golda Meir + Sandburg Phase II Green Roof + 29kw PV 
system project was again ground-breaking for the State of Wisconsin in 
that it added a vegetated roof system to two different existing roofs in 
good condition and under warranty.  This necessitated a new approach 
to the contract language for roof warranties.  

The central hypothesis of this linkage between a vegetated roof 
and a photovoltaic system is that the green roof will lower rooftop 
temperatures and lower temperatures will lead to a higher performing 
PV system. This claim has never been tested on this roof.  A proposed 
research project would both validate this claim on this roof and expand 
the search to include similar linked PV and vegetated roof installations. 

16. The Freshwater Plaza Stormwater Demonstration Fountain- 
Milwaukee, WI
Contact Person: James Wasley
Location: Milwaukee, WI
Design Team: James Wasley, design, Ed Balou, Aquascapes Inc., Christopher 
Carr, Sigma Environmental.
Other Champions and Key People: Dave Misky, Milwaukee Redevelopment 
Authority
Project Dates: Completion 2016

 A third question would 
be whether the goal of 
promoting urban bio-
diversity in the Great 
Lakes Basin could be 
advanced by a policy of 
employing native and 
endangered dry prairie 
plantings on green roofs. 
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The Freshwater Plaza Stormwater Demonstration Fountain is a 
chemical-free stormwater storage and dissipation device and a public 
amenity, capturing the first two inches of rainfall on the 33,000 s.f. 
catchment of the adjacent building rooftop and using it for urban 
placemaking marking the new ‘Harbor District’ redevelopment area. 
As an economic and urban design proposition, the project links green 
infrastructure in a combined sewer area with public place making.

Directly analogous to a European natural swimming pool, the Fountain 
uses up-fed sand filters with wetland plants as its water filtration 
strategy. This approach is not widely accepted in public space in the 
United States for both health and aesthetic reasons. The goal of the 
project as a research proposition is to overcome those health and 
aesthetic concerns and create a market for such high-amenity-value 
green infrastructure. Several barriers and proposed innovations are 
discussed.

17. Prairie Treatment System – Coughlin Center- Oshkosh, WI
Contact Person: John Ferris, PE- GZA GeoEnvironmental 
Location: Oshkosh, Wisconsin 
Design Team: John Ferris, PE 
Other Champions and Key People: Victoria Pebble - Great Lakes 
Commission Green Infrastructure Emerging Champions Mini-Grant Program 
Project Dates: August 2017 – September 2018

This Prairie Treatment System combines a Horizontal Subsurface Flow 
(HSF) Treatment Wetland and with capture and storage capability of 
permeable pavement. It achieves stormwater quantity control (10-
yr) and water quality control (80% TSS) without needing to increase 
the footprint of developments for approximately half of the cost of 
construction. Installed at the interface of almost any pavement surface 
and green space, such as a parking island, it frees up land for more 
profitable uses, manufacturing, warehouse, retail and parking.

The challenge identified is to disseminate awareness amongst 
the engineering and regulatory communities that these green 
infrastructure practices are feasible in our region. 

18. Robbins: Resiliency as a Catalyst for Change- Chicago, IL
Contact Person: Tanvi Parikh, Rachel Momenee, Phil Enquist
Location: Chicago, IL
Design Team: Skidmore, Owings & Merrill LLP, Donahue & Associates, 
Neighborhood Capital institute, Living Habitats, 2IM Group, Valerie S. 
Kretchmer Associates, inc.
Client: Metropolitan Water Reclamation District, Village of Robbins

Before

After

The goal of the project 
as a research proposition 
is to overcome those 
health and aesthetic 
concerns and create a 
market for such high-
amenity-value green 
infrastructure. 

The challenge identified 
is to disseminate 
awareness amongst 
the engineering and 
regulatory communities 
that these green 
infrastructure practices 
are feasible in our 
region. 
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The Robbins plan for infrastructure investment centers on the creation 
of an approximately 30 acres public park to alleviate flooding issues 
in a large part of the village to a 100-year storm level and provides 
additional volume for future development on adjacent land. The park 
becomes a place for residents to engage nature, recreation, history 
and culture. 

The nomination highlights the political work necessary for such a plan 
to move forward. MWRD is a special-purpose district responsible 
for treating wastewater and providing stormwater management for 
residents and businesses. The District has found creative ways to 
partner with other organizations to move this project forward. MWRD, 
UIC, CMAP, RTA, Cook County, IHDA, South Suburban mayors and 
managers, Army Corp of Engineers, and the Village of Robbins all had 
to be engaged to build capacity locally but also learn how to work 
with each other, writing grants for funding and dividing the project so 
each agency could focus on what they do best and what’s under their 
purview. 

19. GreenSeams- Milwaukee, WI
Contact Person:  Steven Apfelbaum, AES
Location: MKE, MMSD service area
Design Team: MMSD, AES, TCF
Other Champions and Key People: Many—Kevin Shaffer, MMSD, etc
Project Dates:  early to Mid 2000’s

GreenSeams is an innovative flood management program of the 
Milwaukee Metropolitan Sewerage District that permanently protects 
key lands containing water absorbing soils. The program makes 
voluntary purchases of undeveloped, privately owned properties in 
areas expected to have major growth in the next 20 years and open 
space along streams, shorelines and wetlands.

Included here to illustrate the necessary linking of the upland 
watershed to our analysis of sustainable urban water systems in 
waterfront cities, this nomination suggests investigation into the range 
of barriers and opportunities such watershed protection projects face 
in the Great Lakes Basin. 

20. Seneca Meadows Reserve, Seneca Falls, NY
Contact Person: S Apfelbaum 
Location: Seneca Falls, NY
Design Team: Applied Ecological Services, Inc, many others
Other Champions and Key People:  Seneca Falls Landfill manager
Project Dates: 2008-ongoing

MILWAUKEE, WI.   GreenSeams Plan

MWRD, UIC, CMAP, 
RTA, Cook County, 
IHDA, South Suburban 
mayors and managers, 
Army Corp of Engineers, 
and the Village of 
Robbins all had to 
be engaged to build 
capacity locally but also 
learn how to work with 
each other...
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A landfill expansion prompted the master planning, permitting, design, 
engineering for restoration of this 1200 acres Seneca Meadows 
restoration. The project has involved the restoration of 850 acres of 
wetland, prairie, savanna ecosystem, and ~ 4 miles of re-meandering 
and restoration of Black brook, a tributary to Montezuma National 
Wildlife Refuge and Lake Ontario. This project directly benefits the 
water quality in the tributary watershed to Lake Ontario by biofiltering 
the water through the extensive wetland restoration, and through 
stabilization of the previous channelized Black brook.

Again, included here to illustrate the necessary linking of the 
regional infrastructure of urbanization to our analysis of sustainable 
urban water systems in waterfront cities, this nomination suggests 
investigation into the range of issues such infrastructure projects 
create in the Great Lakes Basin, and the range of water-focused 
environmental remediation and restoration projects that have grown 
out of their legacies. 

21. The hydrologic and ecologic effects of green infrastructure within 
urban coastal catchments- Milwaukee, WI
Contact Person: Steve Loheide
Location: Milwaukee (model simulations)
Design Team: Steve Loheide and Carolyn Voter
Other Champions and Key People:
Project Dates:

The single purely academic research case study nomination 
received, this research on maximizing the effectiveness of residential 
downspout disconnection as a stormwater management strategy links 
disconnection with strategically located soil amendment strategies to 
achieve the highest performance/ lowest cost strategies. 

...this nomination 
suggests investigation 
into [solid waste 
disposal infrastructure 
projects].., and the 
range of water-
focused environmental 
remediation and 
restoration projects that 
have grown out of their 
legacies. 
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WORKSHOP ATTENDEES BY GREAT LAKES WATERFRONT CITY AND AFFILIATION

Steering Committee
Speaker

ACADEMIC GOV NGO PRACTICE
MILWAUKEE, WISCONSIN
Hector Bravo Professor and Chair, Civil and Environmental 

Engineering, UW-Milwaukee
hrbravo@uwm.edu 1

Brenda Coley Co-Exec. Director, Milwaukee Water Commons bcoley@milwaukeewatercommons.org 1

Brennon Dow Water Resources Management Specialist, 
Wisconsin Dept. of Natural Resources

Brennan.Dow@wisconsin.gov 1

Vicki Elkin Exec. Director, Fund for Lake Michigan vicki@fundforlakemichigan.org 1

John Ferris Senior Water Resources Engineer, GZA Geo-
Environmental

John.Ferris@gza.com 1

Lilith Fowler Executive Director, Harbor District Inc. lilith@harbordistrict.org 1

Nancy Frank Prof. Urban Planning, School of Architecture and 
Urban Planning, UW-Milwaukee 

frankn@uwm.edu 1

Pete Hill Great Lakes watershed opportunities petehill414@gmail.com 1

Stacy Hron DNR stacy.hron@wisconsin.gov 1

John Janssen Professor, School of Freshwater Sciences, UWM jjanssen@uwm.edu 1

Erin Keleske Water Centric Cities Initiave program assistant, City 
of Milwaukee

erin.keleske@milwaukee.gov  1

Fumi Kikuyama senior consultant Ramboll fkikuyama@ramboll.com 1

Val Klump Professor and Dean, School of Freshwater 
Sciences, UW-Milwaukee

vklump@uwm.edu 1

Matthew Magruder Environmental Research Manager, Milwaukee 
Metropolitan Sewerage District

mmagruder@mmsd.com 1

Peter McAvoy Director, Center for Water Policy, UW-Milwaukee mcavoy@uwm.edu 1

Sandra McLellan Professor, School of Freshwater Sciences, UW-
Milwaukee

mclellan@uwm.edu 1

Dave Misky Assist. Exec. Director, Redevelopment Authority 
City of Milwaukee

dmisky@milwaukee.gov 1

Margaret Noodin Assoc. Prof. English, UW-Milwaukee Grassroots 
Indigenous Multimedia

noodin@uwm.edu 1

Neal O'Reilly Senior Lecturer, Conservation and Environmental 
Sciences, UW-Milwaukee

oreillyn@uwm.edu 1

Anthony Parolari Assistant Prof. Dept. of Civil, Construction, and 
Env.l Engineering, Marquette U.

anthony.parolari@marquette.edu 1

Laurie Parsons Senior Vice President OBG Part of Ramboll Laurie.Parsons@ramboll.com 1

Janee Pederson Environmental & Water Resources Engineer GZA 
GeoEnvironmental

1

Karen Sands Director of Planning, Research and Sustainability, 
Milwaukee Metropolitan Sewerage District

ksands@mmsd.com 1

James Wasley Professor of Architecture, Director Institute for 
Ecological Design, UW-Milwaukee

jwasley@uwm.edu 1

Aaron Zeleske Natural Environment Program Manager, Harbor 
District

aaron@harbordistrict.org 1

MADISON AND RACINE, WISCONSIN
Stephen  Apfelbaum Chairman, Applied Ecological Services steve@appliedeco.com 1

Shawn Kelly Distinguished Faculty Assoc., Dept. of Planning and 
Landscape Arch., UW Madison

stkelly1@wisc.edu 1

Julie Kinselman Lab Director, City of Racine Public Health Dept. Julie.Kinzelman@cityofracine.org 1

Steven Loheide Prof. Civil and Environmental Engineering, 
University of Wisconsin-Madison

loheide@wisc.edu 1

Julia Noordyk Water Quality and Coastal Communities Outreach 
Specialist, UW Sea Grant

noordyk@wisc.edu 1

Jason Stangland PLA, National Waterfront Practice Director, 
SmithGroup

jason.stangland@smithgroup.com 1
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DETROIT AND BENTON HARBOR, MICHIGAN
Heidi Anderson LA. Edgewater Resources LLC, Benton Harbor MI handerson@edgewaterresources.com 1

Margo Davis Project Manager, Great Lakes Commission, Ann 
Arbor MI

mdavis@glc.org 1

Andrew Gronewold Associate Professor, Dept of Civil and 
Environmental Engineering, U. Michigan. 

drewgron@umich.edu 1

natalie lyon Wayne State natalie.lyon@wayne.edu 1

Emily McKinnon PE, Principal and Ann Arbor Director of Operations, 
SmithGroup

emily.mckinnon@smithgroup.com 1

Carol Miller Director, Healthy Urban Waters, Wayne State U. 
(co-PI)

ab1421@wayne.edu 1

Richard Norton Professor, Urban and Regional Planning Dept. U. 
Michigan

rknorton@umich.edu 1

Lara Treemore-Spears Program Coordinator, Healthy Urban Waters fq9073@wayne.edu 1

CHICAGO, ILLINOIS
Phil Enquist FAIA, Consulting Partner, Urban Design and 

Planning, SOM Chicago
philip.enquist@som.com 1

Ron Henderson Director, Landscape Architecture + Urbanism 
Program; Professor. IIT

rhender1@iit.edu 1

Rachel Momenee Senior Urban Designer SOM rachel.momenee@som.com 1

David Rankin Exec. Director, Great Lakes Protection Fund drankin@glpf.org 1

CLEVELAND, OHIO
Wendy Kellog Prof. and Chair, Urban Studies, Cleveland State. 

Director Water Resiliant Cities Program
1

BUFFALO and ROCHESTER, NEW YORK
Dennis Andrejko Prof. Architecture, Rochester Institute of 

Technology
daaarch@rit.edu 1

Sean Burkholder Assistant Prof. Landscape Architecture, U. Penn 
(formerly U. Buffalo)

seanburk@design.upenn.edu 1

TORONTO, ONTARIO
Chris Glaisek Chief Planning and Design Officer, Waterfront 

Toronto
cglaisek@waterfrontoronto.ca 1

NATIONAL EXPERTS
Michele  Adams Meliora Design michelea@melioradesign.com 1

Jeffrey  Nesbit Research Fellow / GSD Office for Urbanization jnesbit@gsd.harvard.edu 1

Hillary Brown FAIA, Director, Sustainability in the Urban Env., MS 
Program, City College of New York

hillabrown@gmail.com 1

Patrick Lucey Senior Aquatic Ecologist, Aquatex Scientific 
Consulting

aqua-tex@islandnet.com 1

Don Watson FAIA (emeritus), EarthRise Design earthrise001@sbcglobal.net 1
Robert Zimmerman Executive Director (retired), Charles River 

Watershed Association
rzimmerman@rlzjr.com 1

TOTALS 23 10 6 14
53
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INVITED BUT UNABLE TO ATTEND
Dean  Amhaus President and CEO, the Water Council
Tom  Chapman Milwaukee Metropolitan Sewerage District
Robert  Goo Office of Wetlands, Oceans and Watersheds, EPA 
Lauren  Lecwee Program & Policy Analyst Wisconsin Coastal 

Management Program
Tom  Price Conservation Design Forum
Brent  Raymond Partner, DTAH, Toronto
Ed Beaulieu VP of field research and contractor development, 

Aquascapes Inc.
Ben Benninghoff Basin Supervisor, Runoff Management Southeast Team, 

Wisconsin DNR
David Bucaro Army Corps
Adrianne Cizek Stormwater Solutions
Matt Clark Baird Engineering
Clayton Cole Applied Ecological Services, inc.
Amy Connolly Director of City Development, Racine WI
John Dickert President and CEO, Great Lakes and St. Lawrence Cities 

Initiative
Patrick Elliot Senior Project Manager, MMSD (KK River Project)
Michael Friis Program Manager, Wisconsin Coastal Management 

Program
Cassie Goodwin Principal, Civil Engineer, Smith Group
Danielle Greene EPA Great Lakes National Program Office
Adam Hammen Project Engineer, The Sigma Group
Jim Hurley Director, University of Wisconsin Sea Grant
Kate Johnson Water Division EPA 
Jim Luke Outreach Coordinator, Detroit District Planning Office, 

US Army Corps of Engineers
Clare Lyster Assoc. Professor, School of Architecture, University of 

Illinois-Chicago
Suzanne Malec-McKenna Interim CEO, Great Lakes and St. Lawrence Cities 

Initiative
Cory Mason Mayor, City of Racine
John Osborne Principal Hydrogeologist/ Senior Vice President, GZA 

GeoEnvironmental, Inc.
Karl Rockne Program Director, National Science Foundation
Kevin Schafer Executive Director, Milwaukee Metropolitan Sewerage 

District
Adam Schlicht Director, Port of Milwaukee
William Selbig Research Hydrologist, USGS- Upper Midwest Science 

Center
Eric Shambarger Environmental Sustainability Director, Env. 

Collaborations office. City of Milwaukee
Bill Shuster Chair, Wayne State. heads the Research Program at EPA-

Cincinnati
Benji Timm Project Manager, Redevelopment Authority, City of 

Milwaukee
Doug Voigt Partner, Urban Design and Planning, SOM Chicago
Charles Waldheim John E. Irving Prof. Landscape Arch., Director, Office of 

Urbanization, Harvard University
Don Waller Prof. Botany and Env. Studies UW Madison
Greg WeyKamp LA. Edgewater Resources LLC, Benton Harbor MI
Larry Witzling Principal, Urban Design, GRAEF
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Reimagining Water: Linking Sustainable Urban Water Systems in the Great Lakes Basin 
Workshop Participant Biographies* & Contact Sheet

*Includes participants registered by July 22nd.

1

Michele Adams is a Water 
Resources Engineer and founder 
of Meliora Design. She has 
extensive design experience in 
green infrastructure, ecological 
restoration, and designing for 
resiliency. Michele currently 
serves on the U.S. Green 
Building Council’s Sustainable 
Sites Technical Advisory Group, 
and American Rivers Science and 
Technical Advisory Group.

Heidi Anderson graduated about a 
year ago from Michigan Tech with a 
BS in Environmental Engineering. 
She has been working at Edgewater 
since graduation doing preliminary 
engineering, environmental 
permitting, site surveys, and other 
project related tasks. Our projects 
are primarily marinas and waterfront 
design at various scales. 

Dennis A. Andrejko, FAIA is Head of the 
Department of Architecture in the Golisano 
Institute for Sustainability at RIT.  He 
co-authored Passive Solar Architecture: 
Logic and Beauty; contributed to 
several editions of Architectural Graphic 
Standards; worked on the development of 
the International Green Construction Code 
(IgCC); and participated in numerous AIA 
SDAT Sustainable Design Assessment 
Teams. Dennis previously served as Vice 
President on the National Board of AIA, as 
the New York State regional Director.
Steven Apfelbaum has conducted 
ecological research, designed award 
winning projects, navigated regulatory 
programs, and contributed his unique 
creative scientific expertise and 
enthusiasm to projects throughout the 
world. His work is focused on ecological 
restoration, ecosystem assessment, 
alternative stormwater management. He is 
a leading ecological consultant in the U.S. 
providing technical restoration advice and 
win-win solutions where ecological and 
land-development conflicts arise. 

Hillary Brown, FAIA, Professor of 
Architecture, directs City College 
of NY’s interdisciplinary graduate 
program in urban sustainability. 
Her books, Next Generation 
Infrastructure (Island Press 2014) 
and Infrastructural Ecologies (MIT 
Press 2017) describe integrated 
approaches to infrastructure planning. 
Hillary was the founding director of 
NYC’s Office of Sustainable Design, 
developing its High Performance 
Building and Infrastructure Guidelines. 

Sean Burkholder is a Landscape 
Architecture Professor focused on 
sediment management and urban 
ecology in and around fresh water 
regions. 

Margo Davis is a Project Manager 
at the Great Lakes Commission 
working on water infrastructure 
and water quality initiatives. 
Margo received her Masters in 
environmental science and policy 
from Johns Hopkins University 
and her undergraduate degree 
in environmental science from 
Colorado College. 

Brennan Dow’s background is in 
fisheries biology, and nearshore 
ecology of Lake Michigan. He 
has been at his current position 
for almost two months and enjoys 
the opportunity to participate in 
the restoration and remediation of 
Wisconsin Area of Concerns.

Hector Bravo has conducted 
funded research on green 
infrastructure, stormwater 
modeling, transport of bacteria and 
phosphorus in Lake Michigan, and 
effects of climate change. Additional 
funded research projects include 
hydrodynamic modeling, transport 
of pollutants and heat in surface 
water and groundwater, two-phase 
flows, and spectral analysis of 
hydrologic time series and climate 
variability.

Brenda Coley is the Co-Executive 
Director of Milwaukee Water 
Commons. She has served in non-
profit and academic sectors and 
brings a long-standing commitment 
to social justice and community 
organizing.  She has been a non-
profit director, research coordinator 
and proj. manager with expertise 
in leadership development and 
organizational capacity building.
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Dr. Andrew Gronewold is 
an Associate Professor in the 
University of Michigan School for 
Environment and Sustainability.  
His research interests lie in 
hydrological modeling, with a focus 
on propagating uncertainty and 
variability into water resources 
management decisions.  For the 
past decade, he has led projects 
that focus on understanding drivers 
behind changes in Great Lakes 
water levels.   

Patrick Elliot has managed flood 
management and river restoration 
projects at MMSD for 10 years.   
Most of his work is focused on 
the Kinnickinnic River watershed, 
where MMSD is investing over 
$350 Million to reduce flood risk to 
over 660 structures in the floodplain 
and restore natural function back to 
7 miles of stream by removing the 
concrete lining and replacing with a 
natural stream design.

Dr. Frank teaches planning theory and 
courses in environmental sustainability. 
Dr. Frank’s areas of interest include 
policy issues related to water, land 
use, brownfield redevelopment, urban 
green space, and climate change. 
She participates in a wide network of 
organizations related to her research 
interests, including the Wisconsin 
Brownfields Study Group (appointed), 
Great Lakes Observing System, and the 
Southeastern Wisconsin Watersheds 
Trust, Inc. (Sweet Water).  

Lilith Fowler is the Executive 
Director of Harbor District, Inc., 
a non-profit working to transform 
Milwaukee’s industrial waterfront. 

Christopher Glaisek is a trained 
architect working as a planner 
and executive in charge of a large 
revitalization area in downtown 
Toronto. 

Pete Hill has worked in the 
watershed restoration field for 
the past 20 years, focusing most 
recently on watershed planning 
and providing green infrastructure 
training for Milwaukee residents.  
Prior to moving to Milwaukee, Pete 
managed watershed planning , 
green infrastructure, and stream 
and wetland restoration efforts in the 
District of Columbia. 

Ron Henderson is Professor 
and Director of the Landscape 
Architecture + Urbanism Program 
at Illinois Institute of Technology 
(IIT). Current research includes 
the NSF-funded Driverless City 
Project - in collaboration with the 
IIT Robotics Lab and Navigation 
Lab - to investigate the urban 
design implications of autonomous 
vehicles. He is also founding 
principal of L+A Landscape 
Architecture. 

Mr. John Ferris is a Senior Water 
Resources Engineer with more 
than 25 years of successfully 
implementing financially and 
environmentally sustainable 
stormwater solutions.  He 
advocates the use of permeable 
pavement and constructed 
treatment wetlands to create a win-
win-win for a cleaner environment, 
more profitable use of developed 
properties and a larger tax base.  

Vicki Elkin is the Executive Director 
of the Fund for Lake Michigan, a 
philanthropic organization based 
in Milwaukee, Wisconsin.  Under 
Vicki’s direction, the Fund for Lake 
Michigan has awarded more than 
$25 million in grants to improve and 
restore the health of Lake Michigan 
and its shoreline and tributary river 
systems.  

Philip Enquist plays a key leadership 
role in SOM’s Global City Design 
Practice, one of the world’s most 
awarded urban planning groups. 
Enquist and his studios have 
improved the quality and efficiency 
of city living on five continents by 
creating location-specific strategic 
designs that integrate nature and 
urban density within a framework of 
future-focused public infrastructure.
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Shawn Kelly is the current 
President of the American Society 
of Landscape Architects. He has 
been elevated to Distinguished 
Faculty Associate at UW Madison 
and has served 24 years on the 
Faculty. Kelly is Principal of Kelly 
Design Group, LLC, a design-
bid Landscape Architecture and 
Planning firm that has functioned in 
William’s Bay, WI, for 27 years. His 
main focus is water management.

Fumi Kikuyama has over 4 years 
of experience in environmental 
engineering, with a focus on 
ecology management and site 
remediation, and supports Ramboll 
Midwest initiatives to expand our 
“Liveable Cities” practices in the 
region, bringing her experience in 
developing climate

Julie Kinzelman is an UWM SFS 
Affiliate Scientist, Visiting Senior 
Lecturer (University of Surrey, 
Engineering/Physical Sciences) 
and Director/Racine Public Health 
Department Laboratory. She works 
locally/regionally/internationally to 
find applied science solutions to 
improve water quality, protect public 
health, create resiliency and restore 
utility.

Lauren Leckwee is the Program 
and Policy Analyst with the 
Wisonsin Coastal Management 
Program. 

Wendy A. Kellogg is a Professor of 
Urban Planning and Environmental 
Studies (Ph.D. in City and Regional 
Planning, Cornell University). 
Research interest include the role 
of local decision makers in coastal 
and watershed protection, planning 
for resilience, and water quality and 
land use issues. 

Erin Keleske works on Milwaukee's 
Water Centric City Initiative which 
showcases the City's global 
leadership in managing our 
water resources in a sustainable 
and resilient way.  Erin received 
her Bachelor's degree from 
Kenyon College in Biology and 
Environmental Studies. 

Steve Loheide is a Professor 
of Civil and Environmental 
Engineering, Geological 
Engineering, and Freshwater and 
Marine Sciences at UW Madison. 
Loheide’s research focuses on the 
interactions between ecological and 
hydrological processes in natural 
and built systems with special 
attention to the role of groundwater.

Stacy Hron is the Lake Michigan 
Program Coordinator with the 
Wisconsin DNR Office of Great 
Waters and previously the 
Sheboygan River and Milwaukee 
Estuary AOC Coordinator.  She 
works to coordinate planning 
and lead implementation of 
management and restoration 
actions in the Lake Michigan 
watershed. 

John Janssen studies Great 
Lakes food webs and habitat, 
primarily focusing on fishes and 
their prey.

Val Klump is the Dean and a Pro-
fessor of the School of Freshwater 
Sciences at UW-Milwaukee. His 
research focuses on how nutrients 
and carbon are cycled in lakes. His 
recent research highlights the pres-
ence and dynamics of “dead zones” 
in Green Bay including the impact 
climate change has on their extent 
and duration.
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Carol Miller is a Professor of Civil and 
Environmental Engineering at Wayne 
State University (WSU), and co-PI of 
this workshop grant.  She is Director 
of Healthy Urban Waters, overseeing 
a suite of water related research, 
outreach, and education in Detroit 
and along the Huron to Erie corridor. 
She is the US Chair of the Great 
Lakes Science Advisory Board of the 
International Joint Commission.  Dr. 
Miller’s individual research expertise 
is in hydraulics, hydrology, and 
groundwater transport.  

Emily Mckinnon is passionate 
about integrating sustainable 
engineering practices into great 
public spaces. Her emphasis on 
stormwater management design, 
habitat and shoreline restoration and 
grading design allows her to bring 
creative and innovative solutions to 
projects. Her experience focuses in 
greenways and trail systems, urban 
non-motorized infrastructure, parks 
and campus projects. 

Sandra McLellan is a Professor in 
the School of Freshwater Sciences 
at UWM. Her research has focused 
on understanding the connections 
between water and human health. 
Her lab has developed new 
indicators to discern sources of 
pollution and has examined the 
impacts of rainfall and climate 
change on urban waterways. 

Dave Misky leads the 
Redevelopment Authority of the 
City of Milwaukee, an independent 
corporation of City government 
which has a mission to eliminate 
blight that inhibits neighborhood 
reinvestment, to foster business 
expansion and job creation, and 
to facilitate housing development 
through incorporating sustainability.   

Jeffrey Nesbit is a doctoral 
candidate at Harvard University 
Graduate School of Design, 
research fellow in the Office for 
Urbanization and is founding 
director of the experimental design 
group Haecceitas Studio. His 
research focuses on processes of 
urbanization, infrastructure, and 
defense. 

Peter McAvoy is the Director of 
the Center for Water Policy in the 
School of Freshwater Sciences. He 
teaches water law and is working 
with public and private partners to 
shape new water resource policies 
for Wisconsin, Great Lakes Region, 
and the nation.  McAvoy has served 
in several federal, state government 
agencies (NOAA, EPA, WI DOA) 
and nonprofits working on water 
resources management policy.

Rachel Momenee is a Chicago-based 
urban designer with an interest in 
creating ecologically driven, context-
based designs that focus on the 
relationships between architecture 
and their environments. She holds 
a Master's of Architecture degree 
with distinction from the University 
of Wisconsin-Milwaukee's School of 
Architecture and Planning. Rachel 
works in the City Design Practice at 
SOM on district scale urban design 
projects both in the United States and 
abroad. 

Matthew Magruder has been 
with the Milwaukee Metropolitan 
Sewerage District for over 10 
years, and he is currently serving 
as the Environmental Research 
Manager. In addition to managing 
and coordinating the Districtâ€™s 
research efforts, Matt represents 
the District on various planning, 
advisory, and industry working 
groups.

Natalie Lyon is a Master of Urban 
Planning student at Wayne State 
University and a Trainee in the 
NSF T-RUST Urban Sustainability 
program. She is co-founder and 
organizer of the Detroit Biodiversity 
Network, a student organization 
focused on improving the 
sustainability of urban ecosystems 
through applied ecology and green 
infrastructure projects.

With an academic background in 
marine and freshwater ecology, 
as well as political science and 
urban geography, Patrick Lucey 
is a senior aquatic ecologist 
specializing in integrated 
ecological site planning for water 
management, particularly rainwater 
management design of landscapes 
that are ecologically functional, 
economically viable, and improve 
the natural environment.
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Karl Rockne manages a research 
portfolio of >270 projects as 
Director of the Environmental 
Engineering program in the Division 
of Chemical, Bioengineering, 
Environmental, and Transport 
Systems (CBET) at the National 
Science Foundation. 

Anthony Parolari is Assistant 
Professor of environmental and 
water resources engineering at 
Marquette. He is an ecohydrologist 
with a research focus in climate 
variability and its impact on soil 
biogeochemistry and plant water 
use. Several of his projects focus 
on the performance of green 
infrastructure in Milwaukee.

Laurie Parsons is an experienced 
senior engineer with demonstrated 
leadership in building teams 
and delivering services in the 
environmental engineering and 
sciences industry. Formerly 
President and CEO of Natural 
Resource Technology (NRT), then 
OBG. As of 2019 OBG is now part 
of Ramboll, with the same people, 
trusted relationships, and expanded 
services. 

David Rankin is Executive Director 
at the Great Lakes Protection Fund. 
He is responsible for all aspects 
of the Fund’s activities including 
responsible investment of the 
Fund’s endowment; planning and 
resource management; developing 
and retaining top talent; and 
directing all of these resources to 
advance the Fund’s mission. He 
has a degree in environmental 
science from Miami University and 
a Master in Business Administration 
from the University of Chicago.

Dr. Neal O’Reilly is the Director of 
Conservation and Environmental 
Science Program at the University 
of Wisconsin-Milwaukee. He is 
an  Environmental Engineer, with 
a doctoral minor in Environmental 
Law, a Master’s in Civil and 
Environmental Engineering and 
Bachelor of Science degrees in 
Aquatic Ecology and Geology. 

Janee Pederson, EIT is an 
Environmental/Water Resources 
Engineer and Assistant 
Project Manager at GZA 
GeoEnvironmental, Inc.  Ms. 
Pederson completed her masters 
degree in engineering at UW-
Milwaukee last spring and as part 
of her graduate studies conducted 
a Water Quality Risk Assessment 
for the Alice’s Garden rainwater 
harvesting green infrastructure 
project.

Margaret Noodin is Director 
of the Electa Quinney Institute 
for American Indian Education, 
Professor of English at the 
University of Wisconsin-Milwaukee 
and author of Bawaajimo: A 
Dialect of Dreams in Anishinaabe 
Language and Literature and 
Weweni, a collection of poems in 
Ojibwe and English. She is editor of 
www.ojibwe.net.

Richard K. Norton is a Professor 
in the Urban and Regional 
Planning Program and the 
Program in the Environment at 
the University of Michigan. Dr. 
Norton teaches and conducts 
research in the areas of planning 
law, sustainable development, land 
use and environmental planning, 
and coastal area management. His 
research focuses on the challenges 
of managing shorelands along the 
Laurentian Great Lakes. 

Based in Green Bay, Julia 
Noordyk is Sea Grant’s Water 
Quality and Coastal Communities 
Outreach Specialist. Among other 
projects, she has worked on the 
“Tackling Barriers to Green Infra-
structure” workbook and provides 
guidance to communities on these 
matters.

Karen Sands is the director 
of Planning Research and 
Sustainability for the Milwaukee 
Metropolitan Sewerage 
District (MMSD). Her work 
focuses on the areas of green 
infrastructure, sustainability, 
renewable energy and climate 
change.
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Donald Watson, FAIA (Emeritus) 
is an architect, urban designer 
and author, ACSA Distinguished 
Professor, and recipient of ARCC 
Research Award. Editor McGraw-
Hill Time-Saver Standards for 
Architectural Design and Urban 
Design, and Design for Flooding: 
Architecture, Landscape and Urban 
Design for Resilience to Climate 
Change, co-authored with Michele 
Adams, P.E.

Aaron Zeleske has over seven 
years experience working in the 
conservation and natural resources 
field in Milwaukee, bringing a broad 
experience of project management 
and stakeholder engagement.  At 
the Harbor District, he works to 
incorporate ecological features, 
habitat enhancements, and green 
infrastructure into the redeveloping 
industrial landscape.

For 30 years, Bob Zimmerman led 
Charles River Watershed Association’s 
analysis and modeling efforts resulting 
in Charles River urban swimming, a 
resurgent shad population, sustainable 
water resource management, and the 
development of  water infrastructure 
that promises to restore natural 
hydrology, build resilience to flooding 
and drought, stabilize costs, and 
generate income. He continues 
to pursue the installation of such 
infrastructure.

Jim Wasley is the Past-President 
of the Society of Building Science 
Educators, Founding Member 
and Past-President of the 
Wisconsin Green Building Alliance, 
Department Chair 2011-2014, 
leading the department-wide 
Milwaukee Inner Harbor Project. 
Research interests include carbon 
neutral building design, green 
building ratings systems and 
his current research involves 
the creation of ecological urban 
waterscapes at a variety of scales.

Having managed brownfield 
redevelopment and wetland 
creation projects in engineering 
and environmental firms and 
supervised City park natural area 
restoration for over 20 years, Lara 
Treemore-Spears now brings 
this experience to coordinate 
multidisciplinary applied research 
projects that address water 
infrastructure, Great Lakes water 
quality and social equity issues for 
Healthy Urban Waters at Wayne 
State University. 

Jason Stangland, is a principal 
landscape architect and strategist.  
He is SmithGroup’s Waterfront 
Practice Director leading an 
interdisciplinary team focused on 
coastal resilience, water quality, 
flooding, recreation and adaptive 
reuse.  His portfolio includes award-
winning projects built on community 
engagement and responsive to the 
unique ecological, environmental 
and cultural frameworks.

Erick Shambarger leads the 
Environmental Collaboration 
Office (ECO).  He oversees 
implementation of the Refresh 
Milwaukee sustainability plan 
and programs in water, energy, 
and green infrastructure. He 
holds a Masters of Public Affairs 
degree from the University of 
Wisconsin and certificates in Water 
Technology and Energy Analysis 
and Policy.

Adam Schlicht was appointed 
Director of Port Milwaukee in 
May 2018 by Mayor Tom Barrett, 
officially assuming the role on 
August 6, 2019. As Director, Mr. 
Schlicht oversees and directs 
Port Milwaukee’s multimodal, 
commercial, and recreational 
operations, which generates over 
$100 million in local economic 
activity annually. 

Bill Selbig is a research 
hydrologist at the Upper Midwest 
Water Science Center of the U.S 
Geological Survey. For the past 
25 years his research has focused 
on characterization of pollutants 
in urban runoff, identification of 
their sources, and evaluation of 
the structural and non-structural 
practices designed to treat them. 
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