
58 Journal of Green Building

1Isaac Brown is a planner with the EDAW, Inc. His diverse professional experience as a physical planner, landscape designer, and natural 
resource manager equips him with a unique and timely perspective on sustainability and urban green infrastructure. He currently serves as a 
Regional Thought Leader for EDAW’s Global Climate Change and Sustainability Practice Line and is coordinator of EDAW’s West Region 
Ecological Design Group. Email: Isaac.Brown@edaw.com.
2Steve Kellenberg is an EDAW principal and has more than 25 years of experience in large-scale master planned community and new town 
planning projects. His education and experience have resulted in integrated urban design, economics, market analysis, and public participa-
tion skills. He has worked with numerous national developers at the management level, assisting in master planning, detailed design, and 
builder process through implementation. Kellenberg leads EDAW’s Green Communities initiative, and has directed a national team in a 
number of large, new community plans that implement green building practices at various levels. Email: Steven.Kellenberg@edaw.com.

A NEW SUSTAINABLE PARADIGM
Traditionally, much interest has been given to cer-
tain regulated aspects of ecology such as sensitive 
and endangered species or water quality, with the 
result being a lack of focus on other related compo-
nents of what makes an ecological landscape. We 
have found that by integrating ecologists’ principles 
into design, a new paradigm for sustainable develop-
ment is emerging. 

Comprehensive ecosystem services planning for 
the built environment is the framework we must 
consider to optimize what we build. It is time to 
pull this all together so large complex development 

projects can take a 360 degree view of sustainability 
and capture the benefi ts of manmade and natural 
systems interaction. 

Balanced sustainability also requires solving the 
challenges of implementation: how to coordinate 
the development process so that sustainability goals 
addressing fi ner scale components are effectively in-
tegrated into broader scale strategies and vice versa. 
In many respects, town and ecological planners are 
on the cusp of the next generation of sustainability 
planning. 

Being fueled by the emerging necessity of meet-
ing targets for reducing and adapting to climate 
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INTRODUCTION
Every day more evidence surfaces about the dire state of the environment. More and more, sustainable development is 
fundamentally about meeting human needs while restoring balance to the global ecosystem that is failing. Greenhouse 
gas emissions reductions targets and other new environmental performance targets are rapidly being adopted across the 
globe to try to shore up this degradation. 

We are fi nally entering the era of broad scale environmental accountability. Achieving sustainability performance 
targets across complex and integrated social, ecological, and economic systems requires new ways of engineering the 
way we interact with the environment. In turn, ecologically engineering the built environment requires new quan-
titative performance approaches to planning. It requires understanding and analyzing the complex systematic rela-
tionships between the built and natural environment and capitalizing on the effi ciencies that can be found through 
integrated design. 

The sustainability movement is currently focused on reducing greenhouse gas emissions, but the threats to sustain-
ability run much deeper than that. Climate change is driving changes to nearly all ecosystem services upon which we 
rely. Reducing carbon emissions has taken a front seat in sustainability programming, but typically through a some-
what focused lens of energy and transportation systems. 

This paper will discuss an approach to sustainability that is more holistic and ecosystem based. One that optimizes 
the ecological opportunities of a site and technology to make the built environment more sustainably integrated with 
the natural environment at the site, region, and global scale. 
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change coupled with advances in knowledge and 
information technology, the next generation of 
sustainability planning is about bringing quantita-
tive, scalable, and systems-integrated sustainability 
performance analysis to every project at every scale. 
City and regional land use and conservation systems 
will require optimization to collectively achieve a 
high level of global ecosystem function that can sus-
tain us for the long term. 

A quantitative systems approach to engineering 
cities and communities may also bring fringe con-
cepts such as nano-technology, biomimicry, and 
other next generation technologies into urban plan-
ning and city operations. This essay will explore this 
issue by describing several leading edge approaches 
and tools employed by EDAW, Inc., to integrate 
ecological aspects of urban planning with other sus-
tainability strategies, while allowing a realistic cost/
benefi t assessment of the multiple choices a devel-
oper or public agency confront. 

THE DEVELOPMENT CLIMATE
A number of highly promising sustainable city pro-
posals have surfaced over the last few years in China 
and the Middle East, but none yet has shown the 
ability to deliver on the promise of truly sustainable 
development. Whether these projects failed due to 
economics, the planning approach, imprudent goals, 
or a combination thereof, the sustainable develop-
ment world has yet to deliver on this promise. 

The emergence of regulations mandating reduc-
tions in greenhouse gas (GHG) emissions and cli-
mate change adaptation planning, coupled with the 
growing mainstream concern and awareness about 
climate change and sustainability, have lead to in-
creased pressure for developers and governmental 
entities to plan and design new communities (and 
retrofi t existing ones) that achieve higher levels of 
environmental performance. Consequently, the fun-
damental strategies for urban form, transportation, 
energy, and policy development are being rethought, 
reconsidered, and redefi ned across the globe. 

The dire straits of the current economy add ad-
ditional stress to achieving meaningful increases in 
balanced sustainability. The recovering market will 
most likely demand extremely cost sensitive prod-
uct solutions. Energy, water, and other measures 
will need to be carefully designed to provide strong 

economic incentives to be acceptable to the building 
community. New tools are needed that allow a fi ne 
honing of strategies that allow real increases in en-
ergy, water, and mobility effi ciencies while maintain-
ing “good fi t” in developers’ pro forma procedures. 

CREATING AN 
ECOLOGICAL COMMUNITY
It is becoming increasingly evident that reducing 
only carbon and water footprint without creating a 
healthy and robust ecological context results in an 
incomplete sustainability picture. And at a more 
pragmatic level, it foregoes the opportunity to gain 
synergies and benefi ts (both environmental and eco-
nomic) from other related ecosystem services. 

Whether for a new project or an existing com-
munity, sustainability planning must begin with 
an understanding of the site ecology. Through the 
multiple lenses of ecology, sustainability, and urban 
design, each site offers diverse ecological capabilities 
to enhance the built and natural environment. The 
fi rst step is to evaluate the various natural systems it 
contains and the ecosystem services it provides.

An ecosystem services analysis of a site is a measure 
and inventory of the various contributions that the 
natural systems of a site make to the man-made and 
natural world. These contributions include cleans-
ing water, absorbing or processing carbon dioxide 
and other pollutants, producing oxygen and other 
benefi cial compounds, controlling erosion, creating 
food, storing water, providing recreation, maintain-
ing balance between competing systems, and others. 
In contemporary times, such an analysis typically 
reveals a degraded landscape with levels of ecologi-
cal function drastically reduced from their historic 
character. 

For example, many sites that were once net car-
bon sinks, annually storing vast amounts of carbon 
from the atmosphere in soils and vegetation, now 
are the site of CO2 emissions from fossil fuel burn-
ing and land clearing at levels hundreds or thou-
sands of times their historic rates of uptake. Sites 
that recharged millions of gallons of water annually 
to aquifers, now remove more water than they re-
charge. Often sites contain some biodiversity, but 
only as small populations in a disconnected pat-
tern across the landscape. On nearly every site, the 
ecosystem services analysis clearly exemplifi es why 
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our cumulative land use practices have resulted in a 
global ecosystem far out of sustainable balance. 

While most of the sustainability movement is 
fi xated on trying to reduce greenhouse gases, in the 
long run, our ineffi cient use of land and the degrad-
ing of ecosystem services such as water supply, fl ood 
protection, biodiversity, and/or agricultural sys-
tems are at least equally critical to sustainability. To 
achieve true sustainability, we must fi nd new ways 
for land use to take advantage of the full range of 
ecosystem services, enhance them if damaged and 
restore balance to their declining ecosystem func-
tions and biodiversity, maintain natural hydrologic 
cycles, and minimize input of energy and water and 
generation of waste. Additionally, the impacts of the 
carbon cycle.

Traditionally, such factors as recreation, aesthet-
ics, sensitive species protection, and management 
of residual undevelopable land were addressed by 
landscape and open space programming in commu-
nity development plans. While this approach often 
resulted in immediate economic and social benefi ts 
and entitlement relative to compliance with today’s 
basic environmental regulation, it overlooked eco-
logical opportunities to minimize impact, add 
value, and enhance the environment through win/
win (environment/development) design strategies.

More ecologically integrated development ap-
proaches seek to reduce impacts on the ecological 
footprint, tap into a site’s natural sustainable re-
sources, and even to maximize the value of open 
space, landscape, and built features as resources to 
regenerate ecological degradation.

Integrated systems approaches also recognize that 
overall biodiversity has a place within the community 
fabric and should be planned for, rather than treated 
as just a residual feature in leftover areas. Local cli-
mate, wind patterns, renewable water and energy re-
sources, agricultural soils, and biodiversity are all fea-
tures of sites that can become organizing, sustaining, 
and identity-building resources for a community.

These resources can be used to support com-
munity agriculture, modify site climate for a more 
energy effi cient and pedestrian friendly community, 
leverage higher densities and transit-oriented devel-
opment to create more robust and sustainable bio-
diversity networks, and enhance landscape carbon 
storage to mitigate climate change.

BIOMIMICRY AT THE 
COMMUNITY SCALE
Considering the ecology of every site in the context 
of spatial context, temporal scales, and ecosystem 
processes is key to understanding the site’s true de-
sign potential while ensuring that the highest and 
best use of the land is achieved. At the smallest 
scale, species can be evaluated for how they naturally 
adapt to the site (and similar sites) in order to iden-
tify ways to possibly mimic their benefi cial charac-
teristics and adaptability in community and build-
ing design. This idea of mimicking nature in design 
has been dubbed “biomimicry” and is beginning to 
be applied in building design and technology.

By expanding this idea to include larger land-
scape-scale disciplines such as ecosystem ecology, 
watershed ecology, landscape ecology, and conserva-
tion biology, we can apply biomimicry or ecomim-
icry to the creation of broad-scale land use patterns 
that function more like natural ecosystems and bio-
logical communities. It is at these broad scales that 
ecological degradation and climate change adapta-
tion issues might be more effectively confronted. 

Issues such as securing water supply; carbon 
storage across soil districts, rising seas, and chang-
ing hydrologies; feeding a growing planet; balanc-
ing nutrient loading of watersheds, or migration of 
biodiversity to new ranges with climate change, all 
require coordinated, broad scale application of bio-
mimicry and ecosystem integration principles. At 
all scales, planning approaches should seek solutions 
that promote climate change resilience, a reduced 
on- and off-site ecological footprint, a fl ourishing 
and equitable community, and economic success. 

CLIMATE CHANGE ADAPTATION
Changes in water and temperature regimes on land 
are the two primary drivers of climate change ad-
aptation. While the basics of these changes are 
reasonably understood, the great challenge lies in 
understanding the diverse ripple effect of ecosystem 
change that will follow. Ecosystem services such as 
agricultural productivity, fl ood protection, urban 
heat island control, energy and water supplies, and 
biodiversity are all threatened by climate-driven 
ecosystem change. 

Changes in ecosystems are so complex, interre-
lated, and diffi cult to model that a recent report by 
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the United States Climate Change Science Program 
suggested that, “A primary premise for [climate 
change] adaptive approaches is that uncertainty, 
change, novelty and uniqueness of individual situ-
ations are expected to defi ne the planning backdrop 
of the future.” (Joyce et al. 2008). The old environ-
mental planning paradigm, which assumed that 
ecosystems were at some equilibrium state, must 
be retooled to account for substantial and highly 
complex ecosystem change (Millar and Woolfenden 
1999). New, dynamic planning approaches will be 
fundamentally different from today’s strategies and 
must be highly adaptive, multidisciplinary, and ac-
commodate a high level of uncertainty. 

Accommodating climate change will require new 
development designed for change, transformation of 
inappropriate existing land uses, and reducing cur-
rent stressors on ecosystems (e.g., improving eco-
system resilience and resistance to climate change 
through repairing degraded watersheds, habitat 
fragmentation, or other degraded natural processes 
and services, etc.). 

Sustainable planning approaches must foster 
regenerative strategies that rapidly transform land-
scapes to support regional adaptation of both built 
and natural systems. Although most adaptation de-
cisions will be at jurisdictional units, the eco-region 
is the preferred context in which to evaluate and 
plan for climate change impacts. Improving poten-
tial for effective adaptation strategies should include 
a process of modeling impacts, identifying vulner-
abilities, establishing appropriate infrastructure, and 
integrated regional planning. 

The following climate change adaptation con-
cepts are examples of those being increasingly inte-
grated into master planning:

• Changing water regimes to accept shifts in pre-
cipitation patterns, fl ooding, and rising seas.

• Enhanced conservation networks to allow biodi-
versity migration patterns and niches to adjust to 
shifting climates.

• Carbon sequestration to help reduce atmospheric 
carbon dioxide and the rate of climate change.

• Urban heat islands and local temperature change 
modifi cation to reduce the impact of tempera-
ture shifts.

• Analyzing the people connection to create an 
understanding of the climate change processes at 
work on the site, and shift the behavior of both 
as appropriate.

INTEGRATED PLANNING AND DESIGN
To achieve balance and effi ciency when confronting 
the complexity in, and interaction between, the vari-
ous natural and man-made systems, the concept of 
integrated design helps link together what conventional 
planning and engineering methods deal with sepa-
rately. Integrated design is about interrelationships; 
how natural systems, infrastructure, and building 
design affect each other so that high levels of perfor-
mance in one system can be leveraged to reduce the 
costs or improve the performance of other systems. 
What has been termed whole systems thinking allows 
projects to achieve and exploit as many of these link-
ages as possible, which is the goal of integrated design. 

Integrated design is unattainable without a shift 
in how the key participants in a development project 
(client, design team, and subsequent builders) think 
and collaborate. The Rocky Mountain Institute 
(RMI) was an early defi ner and advocate of this ap-
proach. In leading sustainability projects, RMI has 
successfully identifi ed a project’s potential to “tun-
nel through the cost barrier” by identifying system 
interactions that can result in net cost reductions by 
innovatively achieving high sustainability targets in 
multiple systems. 

Developing the right team is the fi rst step toward 
integrated design. Half the battle of achieving inte-
grated systems sustainability planning is creating a 
teamwork process that seamlessly allows communi-
cation and feedback between experts of various sys-
tems. It is essential to follow a collaborative approach 
that integrates: 1) best sustainability practices, 2) 
research driven market parameters, 3) cost/benefi t 
driven implementation strategies, and 4) a dynamic 
urban design and placemaking framework. 

The team must have the capacity to articulate a 
sustainability framework at every level of scale: re-
gional, city, district, neighborhood, block, building, 
and place. This holistic, organic view of sustain-
ability distinguishes a whole systems approach from 
those more traditional static models often used by 
planning, architectural, and engineering fi rms. 
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SUSTAINABLE SYSTEMS 
INTEGRATION MODEL™
Developing a balanced sustainability strategy for a 
large complex project is a daunting task. The per-
mutation of combinations of efficiency measures, 
technologies, and products over multiple land uses, 
building types, and densities is unlimited and over-
whelming for any developer or city staff. Often fi -
nancial resources are placed in areas that are easiest 
to understand and trendy rather than where they 
provide the best cost/benefit or add to an overall 
balanced approach. Ecological components often 
are the hardest to quantify and weigh against other 
hardware oriented elements. 

The Sustainable Systems Integration Model 
(SSIM)™ was developed by EDAW, Inc. as a plat-
form for rationally evaluating, balancing, and cost-
ing a wide variety of sustainability strategies to deter-

mine the combination best suited for the economic, 
social, and business objectives of the project. SSIM 
places ecological enhancement and service compo-
nents side by side with energy, water, mobility, green 
building, and socio-cultural strategies so that a truly 
integrated, balanced sustainability program can be 
measured and conceived. 

SSIM’s analytical platform can evaluate multiple 
building, ecological, and infrastructure systems to 
determine the highest cost/benefit ratio amongst 
sustainability strategies. The platform’s approach to 
the planning and design process is organized into 
four stages:

• Discovery
• Alternative futures
• Optimization 
• Fusion

FIGURE 1.
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The four stages are repeated throughout the vari-
ous phases of development from conceptual plan-
ning to detailed implementation, e.g., Phase One—
Master Plan Concept Design and then repeat them 
in greater detail in the Phase Two—Detailed Master 
Plan, and so on. These stages allow the core prin-
ciples of integrated design and whole systems think-
ing to be expressed in the planning process while 
maintaining high levels of creativity and innovation 
through each cycle of refi nement.

Following is a detailed explanation of the four 
stages: 

STAGE 1—DISCOVERY 

“The voyage of discovery is not in seeking new 
landscapes but in having new eyes.”

—Marcel Proust, author

This fi rst stage of the SSIM process focuses on dis-
covering the multitude of characteristics, resources, 
and systems within and surrounding the site. Physi-
cal, social, cultural, ecological, and economic as-
pects are researched and processed so that as many 
constraints and opportunities as possible are identi-
fi ed. All team disciplines are engaged to explore the 
many interactions and relationships of site resources, 
climate, ecology, energy, market context, transpor-
tation, and culture to identify opportunities for in-
novation and the redefi nition of how a sustainable 
community/project relates to its site and context.

Analysis and study of site conditions are the fi rst 
task of planning team members and are often pre-
sented to the project’s multidisciplinary team during 
a kick-off charette held proximate to the site. Aerial 
photographic interpretation, topographic evaluation, 
ecosystem mapping, and other land resource evalua-
tions in some form, whether conceptual or detailed, 
are essential to inform the process at the outset. 

On the development front, existing source energy 
and water characteristics, delivery systems, conven-
tional development practices, building typologies, 
and emerging sustainability trends and regulations 
are also reviewed. An opportunities and constraints 
matrix is frequently developed to help track site is-
sues and design implications during the charette and 
throughout the planning process.

Sustainable City/District Visioning
A visioning process is recommended during the cha-
rette that allows the sponsor and other stakehold-
ers to share preconceptions and priorities with the 
larger team. This is important so that initial alter-
natives and strategies developed by the team are in 
sync with the client’s and the community’s overall 
goals and objectives. Identifying initial sustainabil-
ity strategies and impressions is extremely valuable 
at this stage when design possibilities are still rela-
tively unbound by known constraints. The most rel-
evant outcome may be a set of guiding principles; 
these principles assist in keeping the project on track 
during the months and years that follow in refi ning 
and implementing the project. 

Sustainability Targets
Another key product of the charette should be a set 
of sustainability targets for primary systems, such 
as: energy, water, transportation, green building, site 
works, ecology, education, and implementation. A 
“base case” (business-as-usual) level of sustainability 
performance is defi ned and then at least three alter-
native targets, each at an increasing level of green 
practice. Conceptual cost, feasibility, and implemen-
tation issues are also discussed early on for each pri-
mary system. Prior to leaving the charette, the group 
identifies, within the bounds of the information 
gathered at this point, a preliminary set of base case, 
“good, better, or best” targets. The initial workshop 
will not generate a complete sustainability program 
but will identify major themes, components, ad-
ditional areas for research, and an approach to de-
velopment of a sustainability program. This initial 
set of strategies will support the sponsor’s goals, any 
relevant approval process, local and market expec-
tations for green building, emerging greenhouse gas 
(GHG) regulations, and the framing of the project 
as a model sustainable community, city, or region. 

Establishing Ecological Variables
At an early point in the Discovery stage, a set of eco-
logical parameters are developed that identify various 
levels of ecological sensitivities, system interactions, 
healthy and degraded resources, and opportunities 
for preservation, enhancement, and regeneration. 
The potential levels of integration of urban system 
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and ecosystem begin with a thorough inventory of 
the site ecosystems, considering climate, geology, 
biota, topography, hydrology, landscape pattern, 
and ecosystem services provided. This inventory is 
also organized around various temporal benchmarks 
(e.g., historic pre-European condition, 1990 condi-
tion, 2009 condition, 2030 anticipated condition, 
2100 anticipated condition, etc.). 

These benchmarks help to establish ecological 
performance goals and targets and are the starting 
point for the community design process. Once this 
inventory is completed, strategies are developed that 
focus on reducing impacts to site resources and eco-
systems, as well as identifying how site resources/
ecosystem services and urban design can be lever-
aged to improve project sustainability and mitigate 
global climate change. 

To effectively implement this process, it is im-
portant to include biologists, ecologists, engineers, 
and designers who have a solid understanding of 
each other’s goals. When working at such large 
scales with the goal of maximizing overall biodi-
versity and ecosystem function, it is benefi cial to 
include ecologists who are knowledgeable in such 
disciplines as landscape ecology, ecosystem ecology, 
watershed ecology, macroecology, climate change 
ecology, conservation biology, and biomimicry, 
and to emphasize that the process focuses on over-
all biodiversity and ecosystem services rather than 
the traditional sensitive species/resources approach. 
With the uncertain future we face due to climate 

change, most species and resources should be con-
sidered as sensitive. 

The framework analysis typically results in the 
following products: 1) development of open space 
confi guration and ecosystem services alternatives, 
2) evaluation of ecological performance of alterna-
tives using GIS-based spatial analysis tools and ap-
proaches, and 3) analysis of costs and benefi ts of al-
ternative programming. Following are the primary 
steps in developing an initial set of alternatives and 
then a preferred open space/ecological framework. 

• The ecological team identifi es key habitat, 
species, ecosystem, watershed, climate change 
vulnerability, and biomimicry opportunities 
for urban design and other environment issues 
based on photogrammetry, existing studies/
inventories, research, and on-site verifi cation. 

• The team creates an ecological summary map 
of key fi ndings, including baseline landscape 
ecological features delineation. 

• Two ecological design prioritization maps are 
then developed. The fi rst uses a weighted over-
lay method to identify areas most suitable for 
development and avoidance (e.g., sensitive spe-
cies, protecting ecosystem patterns and processes 
through corridor networks, minimizing removal 
of natural carbon sinks, prime agricultural soils, 
climate change vulnerabilities, etc.). The second 
will identify areas suitable for design treatments 
to utilize or enhance ecosystem services (e.g., 

FIGURE 2. Site landforms, biodiversity, ecosystem services and sensitive resources are mapped and overlaid with 
development footprint alternatives in gray. The resulting ecological frameworks are then analyzed for ecosystem services 
potential and sensitivity to biodiversity and regulated resources.
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storm water management confi guration, buffer 
treatments, habitat corridor confi gurations, gre-
enways and park confi gurations, native landscape 
zones, land use preferences, etc.), and will include 
key planning recommendations and diagrams. 

• Based on these two sets of priorities, 2–3 open 
space/ecological frameworks are developed for 
consideration in developing the initial master plan 
alternatives. Key ecological values and GIS-based 
performance analysis techniques are incorporated 
into the overall SSIM Stage One performance 
analysis to assist the team in selecting a preferred 
alternative to carry into concept plan refi nement. 
GIS analysis tools may include weighted overlay 
analysis, Fragstats landscape ecology analysis tool, 
or other GIS-based pattern analysis approaches. 

It is key that an ecological framework precede and 
guide the urban form of the city or community. Only 
by letting the land tell us which areas are suitable and 
unsuitable for development will a valid groundwork 
for sustainable development be determined. This is 
done prior to and during the initial charette at the 
conceptual level as noted above. Following the defi -
nition of a preferred master plan concept, the ecology 
team continues to evaluate the ecological framework 
and provide a variety of choices on how the plan can 
be optimized for ecosystem services. 

STAGE 2—ALTERNATIVE FUTURES 

“The future isn’t what it used to be.”
—Yogi Berra

The Discovery stage has developed for the study area 
a set of ecological parameters that can be used to de-
velop an urban footprint that will protect resources 
and lead to an optimal level of ecosystem services. A 
set of Alternative Futures will now be developed and 
compared against each other in search of an urban 
form, land use mix, transportation system, and in-
ternal open space network that achieve the highest 
level of inherent sustainability. These take the form 
of various master plan schemes and integrated strate-
gies related to sustainability, transportation, ecologi-
cal framework, land use, and energy systems. These 
alternatives are driven by the guiding principles de-
veloped at the charette and evaluate various confi gu-
rations of: 

• Land-use mix and balance.
• Ecological framework—internal and external.
• Urban design forms and organization.
• Transportation networks.
• Backbone infrastructure networks and strategies.

Alternative Evaluation and Selection—
SSIM Stage One
The SSIM process starts by utilizing a proprietary 
GIS-based modeling tool to compare the sustain-
ability merits of alternative master plan solutions. 
This tool can be used in real time during a workshop 
to assist in evaluating urban form performance. 

The urban form of each scheme is evaluated 
through a variety of indicators to ascertain which has 
the lowest inherent carbon footprint, highest trip cap-
ture, connectivity, land-use balance, etc. This is done 
using a BAU (business-as-usual) scheme as a straw 
man (or base case) and then calibrating the simula-
tion model with alternative plans until ultimately a 
preferred plan evolves. Based on the outputs, modi-
fi cations and improvements to both the master plan 
framework and land-use program can be gained. 

SSIM Stage 1 utilizes an ArcGIS Server 9.3 based 
platform that, after initial calibration, allows imme-
diate evaluation of key sustainability indicators cal-
culated from preliminary land-use concepts. Using 
a customized palette of land-use types, street types, 
pathways and bikeways, open space and landscape 
types, community facilities, and amenities, a con-
ceptual sketch is drawn for each scheme and con-
verted to GIS. Each palette item is a prototype with 
relevant assumptions such as density, building types 
and mix, and spatial dimensions built into its defi ni-
tion. The spatial analysis model is used to measure 
an elementary level of sustainability through a lim-
ited set of indicators, including:

• Jobs/housing ratio.
• % overall ecological preservation.
• Natural lands connectivity index.
• % ecosystem pattern/process preservation.
• % jobs walkable from transit.
• Orientation for local climate
• Carbon sequestration.
• Parks per 1000 population.
• % land with impervious surface.
• Total storm water runoff.
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• Energy use per person.
• Water use per acre per person.
• Gasoline consumption per person.
• Vehicle kilometers per person.
• Solid waste generated.
• CO2 Eq MT total.
• CO2 Eq MT per person.

These outputs are compared across the multiple 
alternatives and provide input for the sponsor to fur-
ther refi ne or select a preferred alternative. Carbon 
footprint per capita is utilized as well as total emis-
sions since several urban form-related mitigation 
strategies require higher densities that may result in 
higher total emissions quantity, but lower emissions 
per capita or dwelling unit. 

A primary tool in this step is the “7-Ds” local 
trip capture calculator developed by Fehr & Peers, 
a Walnut Creek, California-based transportation 
planning fi rm. Fehr & Peers has participated in 
a research study that resulted in a validated trip-
generation calculation model that directly esti-
mates trips by mode for mixed-use developments. 
The model takes into account the 7-Ds: density, 
diversity, design, destination accessibility, distance 
to transit, demographics, and development scale.

The ecological indicators measure the amount of 
ecosystem services preserved or leveraged in design, 
access to those resources from the population, con-
nectivity of the network pattern, and the character-
istics of the storm water runoff. 

STAGE 3—OPTIMIZATION

“Make no little plans; they have no magic to stir 
men’s blood . . . Make big plans, aim high in 
hope and work.” 

— Daniel H. Burnham

After a preferred master plan and ecological frame-
work are selected, a more intensive evaluation of sus-
tainability practices and measures can now occur. 
This step will answer two questions: 1) “How ag-
gressive can we realistically be in setting sustain-
ability goals?” and 2) “What set of sustainability 
practices allows us to achieve these goals in the most 
cost-effective manner?” This is achieved by disag-
gregating the project or district into constituent 

FIGURE 3. Alternative development frameworks 
consider all aspects of the site from urban to natural. 
In this conceptual diagram from Superstition Vistas, 
Arizona, the business as usual framework (top) depicts a 
low density, land intensive framework least optimized for 
sustainable systems potential. The bottom scenario seeks 
to maximize ecosystem services and sustainable systems 
opportunities through reduced development footprint 
and increased open space.
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primary systems. Sub-models are developed for each 
system which “push” for increasingly higher levels 
of resource effi ciency while tracking the conceptual 
cost and environmental benefi t of each solution set. 

First, a model and/or analytic method is estab-
lished for each primary system. The good/better/best 
targets established in the initial charette will be mod-
eled to identify which sets of measures achieve the 
prescribed effi ciency targets. SSIM provides a plat-
form for comparing the cost/benefi t of the various 
packages and allowing optimal combinations to be 
selected in the SSIM synthesis step. In addition to in-

dexing ecological framework alternatives, the systems 
being modeled for potential optimization include:

• Building Energy
• Public Realm Energy
• Renewable Energy
• District Energy
• Transportation/Mobility
• Potable Water
• Storm Water
• Waste Water
• Green Building

FIGURE 4.
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Building Energy
Energy conservation measures (ECMs) required to 
attain the four levels of targeted effi ciency, e.g., base 
case (BaU), 25%, 50%, 80% reductions, are estab-
lished with fi rst costs and life cycle costs determined. 
Adjustment to the ECMs are made to best achieve 
the targets at the lowest respective cost. ECM sets 
typically combine passive, mechanical, and renew-
able strategies. Attempts are made to achieve net 
positive cash fl ows and return on investments ac-
ceptable to the marketplace.

Whole Systems Water Planning
By using the SSIM program, water engineers are 
able to effectively incorporate a knowledge of sus-
tainable strategies related to the domestic water 
system into a comprehensive project water model. 
The process typically includes detailed modeling 
of site storm water generation, residential and non-
residential interior and exterior water use, waste-
water generation, and explores opportunities for 
storm water collection, rain water harvesting, grey 
water use, and interior/exterior water use reduc-
tion. The water conservation team utilizes a whole 
systems water balance model to evaluate the water 
conservation and reuse strategies and help identify 
the combination of measures with the highest cost/
benefit relationship. The team provides outputs 
in the form of alternative water reduction strate-
gies, illustrates their effectiveness, and generates 
a cost/benefi t analysis that identifi es the percent-
age of water reduction per $1000 invested for each 
good/ better/best package. This information pro-

vides input into SSIM that allows synthesis into an 
optimized master energy/carbon/water reduction 
program. 

Transportation and Sustainable Mobility
Whether the circulation system for a district or 
community is fi xed or still in the planning stage, 
SSIM allows the benefi ts of various enhancements 
to be evaluated from a cost/benefi t viewpoint. In-
ternal measures such as improved connectivity and 
local transit, external transit linkages, and improved 
housing to jobs relationships are applied in the pre-
viously described good/better/best comparison. 
Modifi cations in density and land use mix can also 
be tested for potential increases in local trip capture, 
resulting in lower vehicle miles traveled and there-
fore reduced emissions. 

Ecological Framework Refinement
Choices in the ecological framework are refi ned by 
separating the plan into open space areas and urban 
landscape areas, and evaluating opportunities for 
ecosystem service enhancement above a baseline con-
dition. Enhancement opportunities might include 
aligning land use with local microclimate character-
istics to reduce the urban heat island effect; commu-
nity scale passive solar design; carbon sequestration 
potential in terms of tree planting, forestry, and eco-
logical restoration; nature recreation and education; 
water quality; and community agriculture potential 
based on land suitability or alternative agricultural 
practices, anticipated population, and regional pro-
duction precedents. 

FIGURE 5. This output graph from the 
Whole Systems Water Model tracks the 
water supply from various systems in 5 
alternative scenarios.
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Key items include:

• Findings are integrated into good, better, and 
best alternatives for open space ecosystem ser-
vices programming and urban landscape services 
programming and are evaluated for cost and 
environmental benefi t. 

• Ecological performance of several design alter-
natives are quantifi ed using SSIM ecosystem 
integration analysis methodologies that take into 
account conservation area design, carbon seques-
tration, urban heat island reduction, and micro-
climate design at the community/city scale, as 

well as nature appreciation/interaction potential 
and community agriculture.

• Final ecological performance quantifi cation is 
then performed on the preferred land-use alter-
native and strategies for further improvement at 
later stages and fi ner scales of plan refi nement 
are suggested.

Findings and recommendations are regularly re-
viewed by the team and inputted into the model for 
the next stage of the process—synthesis with other 
sustainability measures into an optimal combined 
program for the project. 

FIGURE 6. The core elements of the ecological framework and interrelationships between elements are outlined above. 
Principles of biomimicry and the potential impacts of climate driven ecosystem change are important considerations for 
developing the ecological infrastructure program.
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This stage has defi ned a number of scenarios for 
each primary system that lead to a range of sustain-
ability outcomes, some lower and some higher in 
performance; each with both initial and long-term 
cost implications. This information informs us as 
to what measures are optimal based on the project’s 
goals, market, and economic parameters. But we 
have yet to combine those optimal measures from 
each primary system into a total sustainability pro-
gram or understand the total cost and benefi t im-
pact for the project area. 

STAGE 4—FUSION

“Synergy between disciplines creates a product 
that is greater than the sum of its parts”

—David Blau, EDAW principal

Fusion is defi ned as the melding of primary elements 
into a process of re-combination that result in the 
creation of a new compound or element. It is in the 
spirit of fusion that the various measures and strate-
gies are now weighed, selected, and compounded in 
a synergistic manner so that effi ciencies or regenera-
tive levels of performance are gained within the eco-
nomic envelope of the project.

In the previous task, the team defi ned and mod-
eled good/better/best packages of measures for each 
primary system and provided outputs related to envi-
ronmental benefi t, fi rst costs, life-cycle costs, mone-
tized cost/benefi t, and benefi t per $1,000 invested for 
each package. The team can now use SSIM to com-
bine the individual systems (i.e., water, energy, trans-
portation, ecological framework, etc.) into a set of 
comprehensive, all-systems master program alterna-

FIGURE 7. Performance potential of urban heat island mitigation alternatives is one aspect of overall urban ecological 
landscape services optimization.
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tives. At least three master programs will be selected 
and the following outputs will be provided for each:

• Total domestic water savings.
• Total building energy savings.
• Total public realm energy savings.

• Total reduction in VMT.
• Total reduction in GHG emissions.
• Total ecological footprint.
• Total selected ecosystem services output.
• Total initial costs.
• Total ongoing monthly costs.

FIGURE 8. The SSIM gaming board allows various combinations of sustainability measures to be compared in real time 
for cost effectiveness and environmental performance.
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As a part of the evaluation of master program 
alternatives, various schemes for cost allocation are 
developed and reviewed with the team and sponsor. 
The following cost allocation categories are typically 
defi ned and incorporated into the analysis:

• Increased cost and/or savings to residential 
building construction in cost/sf and % over 
base costs.

• Increased cost and/or savings to non-residential 
buildings in cost/sf and % over base costs.

• Increased cost and/or savings to master 
developer.

• Increased cost and/or savings to third part en-
ergy or infrastructure entity.

• Increased cost and/or savings to master home-
owners’ association.

Goals related to carbon foot printing may be eval-
uated and modeled. Energy scenarios in this class 
may require the consideration of “backbone” large-
scale renewable energy regimes such as photovoltaic 
farms, solar thermal plants, geothermal, wind tur-
bines, etc. These renewable energy alternatives are 
independent of building systems and typically are 
freestanding facilities requiring separate modeling 
and fi nancial analysis. The SSIM model is an excel-
lent platform for evaluating alternative scenarios to 
achieve carbon footprint targets while identifying 
related costs and acreage. 

FIGURE 9. Various building types may 
have different sensitivities to energy 
measures. Comparative modeling tools 
assist in assigning appropriate cost 
effective measures to each typology.
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Interaction with the Ecological 
Urban Landscape
The relevance of the SSIM methodology to enhanc-
ing the ecological urban landscape and its associ-
ated ecosystem service values lies in the interaction 
between the primary systems. Choices made in any 

of the primary systems have primary, secondary, or 
tertiary impacts on the site’s internal and external 
ecology. Attempting to measure these impacts, 
whether positive or negative, helps us paint a more 
integrated total picture of the implications of our 
choices. 

FIGURE 10. The SSIM tool allows comparison of scenarios through an alternative valuation strategy to suggest total 
sustainability performance considering benefi ts that are diffi cult to quantify (i.e. socio-cultural or habitat benefi ts, etc).
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Key interactions that have been found relevant at 
a strategic level on various projects include:

Primary level ecosystem cause/effect 
interactions:
• Potable water reduction and reuse measures 

allow reallocation of water to community 
agricultural, forestry, and ecological restoration 
programs. 

• Rainwater capture reduces GHG from long dis-
tance water delivery systems.

• Potable water reuse strategies that include inten-
sive reuse of storm water at community infrastruc-
ture and at the building roof water harvesting 
level have allowed signifi cant reductions in storm 
water volume impact on degraded downstream 
drainage systems, thereby improving potential for 
more natural ecological and biological regimes. 

• Potable water reduction and reuse measures 
result in substantial reduction in water plant 
construction allowing savings to be reallocated 
to renewable energy or local transit measures.

• Increased on-site urban forestry programs increase 
carbon sequestration rates offsetting the need for 
more expensive renewable energy strategies.

• Slightly increased density curve reduces urban 
footprint allowing a larger percentage site for 
ecosystem services.

• Increased internal urban landscape program 
reduces Urban Heat Island (UHI) effect which 
reduces building energy demand.

• Integrated and strategically located water 
elements (stormwater/irrigation storage/storm 
water polishing) reduces UHI effect, which 
reduces building energy demand.

• Building integrated landscape, e.g., green roofs, 
reduce UHI effect, which reduces building 
energy demand. 

• Reduced UHI reduces impact on temperature 
sensitive species in nearby conservation areas.

• Strategic tree planting increases shade on build-
ings reducing energy use.

• Increased urban biodiversity and open space 
improves community knowledge of nature 
leading to increased conservation behavior.

• Community farming program reduces off-site 
VMT and associated GHG emissions.

Secondary level ecosystem cause/effect 
interactions:
• Increased density curve and land use balance 

allows increase in local trip capture reducing 
vehicle miles traveled (VMT) which reduces 
total lane miles.

• Increased internal and external transit 
programming reduces VMT, which reduces 
total lane miles required.

• Reduced lane miles decreases runoff and 
pollutants reducing impact on downstream 
ecosystem services.

• Reduced lane miles allows either increase in 
landscape area for sequestration or land use 

FIGURE 11. Through a process 
of integrated environmental 
performance based planning, 
ecologically engineered 
communities of the future may 
maximize their contribution 
toward restoring a sustainable 
global balance of ecosystem 
services.
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effi ciency both allowing larger percentage of 
site for ecosystem services.

• Increased biodiversity improves resiliency 
to long term impacts of climate change on 
species diversity.

• Wood generated from sequestration program 
is used in wood based products or if energy 
demand outweighs sequestration benefi t, 
wood is used for energy generation.

Achieving a Zero Net or Reduced 
Carbon Benchmark
A key goal of integrated modeling is to determine 
the lowest cost pathway to a reduced carbon foot-
print. There are numerous opportunities for reduc-
ing greenhouse gas emissions from building and 
site operations through energy effi ciency, renewable 
energy, and reduced VMT. The role that ecologi-
cal systems can play in reducing carbon footprint 
through UHI reduction, carbon sequestration, and 
community agriculture is just becoming legitimized 
in certain jurisdictions with the accountable metrics 
starting to take form.

Early indications from SSIM modeling are that 
legitimate, on-site forestry, water absorption, and 
landscape intensification programs are one of the 
lowest cost measures for offsetting a project’s CO2 
emissions. Having a tool to evaluate cost tradeoffs 
and ROI comparisons between passive, mechanical, 
high technology, mobility, and sequestration mea-
sures is key to maximum reduction with least im-
pact to the bottom line. 

SUMMARY
Complete, precise, and comprehensive modeling of 
man-made and natural systems on large projects is 
extremely diffi cult due to their complexity and our 
current elementary understanding of complex natu-
ral systems. However, acknowledging those we do 
understand and tracking obvious linkages between 
systems can give a more complete picture of the off-
setting and compounding impacts of prospective 
sustainability strategies. Recent defi nitions of sus-
tainability stress balance between its physical, social, 
and economic dimensions. Modeling approaches 

similar to SSIM allow ecosystem integrity and ser-
vices aspects to stand side by side with conventional 
mechanical and operational sustainability strategies. 

As our knowledge base expands, the SSIM pro-
gram may be applicable for larger and larger proj-
ects including regional and national sustainability 
and carbon footprint planning. In the long term, 
programs similar to SSIM may be part of an on-
going community/city/region scale dynamic smart-
monitoring system that can help city and regional 
land use and conservation infrastructure adapt over 
time to optimize performance across systems in a 
rapidly changing environment.

FIGURE 12. After carbon emissions reductions are 
quantifi ed, further offset opportunities are evaluated 
including solar farms, wind farms or carbon sequestration 
through ecological restoration or plantation forestry.
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