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Positing Resiliency as it Relates to the Environment/Ecosystem
From The Resilience Alliance (resilience.org):

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance without collapsing into a
qualitatively different state that is controlled by a different set of processes. A resilient ecosystem can
withstand shocks and rebuild itself when necessary. Resilience in social systems has the added capacity
of humans to anticipate and plan for the future. Humans are part of the natural world. We depend on
ecological systems for our survival and we continuously impact the ecosystems in which we live from the
local to global scale. Resilience is a property of these linked social‐ecological systems.
"Resilience" as applied to ecosystems, or to integrated systems of people and the natural environment,
has three defining characteristics:
•
•
•

The amount of change the system can undergo and still retain the same controls on function and
structure
The degree to which the system is capable of self‐organization
The ability to build and increase the capacity for learning and adaptation

The resilience of social‐ecological systems depends largely on underlying, slowly changing variables such
as climate, land use, nutrient stocks, human values and policies. Resilience can be degraded by a large
variety of factors including:
•
•
•
•
•

Loss of biodiversity
Toxic pollution
Inflexible, closed institutions
Perverse subsidies that encourage unsustainable use of resources
A focus on production and increased efficiencies that leads to a loss of redundancy

Natural systems are inherently resilient but just as their capacity to cope with disturbance can be
degraded, so can it be enhanced. The key to resilience in social‐ecological systems is diversity.
Biodiversity plays a crucial role by providing functional redundancy. For example, in a grassland
ecosystem, several different species will commonly perform nitrogen fixation, but each species may
respond differently to climatic events, thus ensuring that even though some species may be lost, the
process of nitrogen fixation within the grassland ecosystem will continue. Similarly, when the
management of a resource is shared by a diverse group of stakeholders (e.g., local resource users,
research scientists, community members with traditional knowledge, government representatives, etc.),
decision‐making is better informed and more options exist for testing policies. Active adaptive
management whereby management actions are designed as experiments encourages learning and
novelty, thus increasing resilience in social‐ecological systems.
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Abstract
Attributes & Social Structures of Resilient Communities
Resilient communities should exhibit the following sustainability attributes (not comprehensive), many
of which add a new dimension requiring different approaches to security:
•
•
•
•
•
•
•
•
•
•

Close knit, physically dense communities in order to decrease energy consumption
Access to clean water
Community gardens/access to arable land
Walking distance to work, schools, hospitals, food and public transportation
Access to energy efficient housing (or cooperative housing), made from renewable, local
resources, powered by renewable, distributed energy
A cooperative grocery for those things that cannot be grown, with availability of petroleum‐free
packaging
Access to information, research, and communication forums where community members can
connect to each other and collaborate on all types of issues regarding resiliency
Social and cultural celebrations, ceremonies, and activities
Access to parks and green space to maintain physical, spiritual and emotional health
Increased biodiversity/diversity

Resilience shifts attention from purely growth and efficiency to needed recovery and
flexibility. Growth and efficiency alone can often lead ecological systems, businesses and
societies into fragile rigidities, exposing them to turbulent transformation. Learning,
recovery and flexibility open eyes to novelty and new worlds of opportunity.
The Resilience Alliance (resilience.org)

Environmental decisions made by individuals, civil society, and the state involve questions of economic
efficiency, environmental effectiveness, equity, and political legitimacy. These four criteria are
constitutive of the economic and environmental dimensions of sustainable development, which has
become the dominant rhetorical device of environmental governance. More importantly, they help
define the social structure and attributes—the third leg of sustainability—of a resilient community.
It is argued that a social structure that is more organic is more resilient, such as the social structure of
indigenous peoples of the Americas, which are traditionally long‐lived societies. In an archetypical
indigenous social structure, humans are subject to natural laws instead of humans controlling destiny
with unlimited resources. It is recognized that all species are differently gifted, but are not
fundamentally different; we are all related and humans are a part of nature. The principle of seven
generations takes into account the long‐term perspective of native peoples (for every action taken,
consider the impact on seven generations in the future). The social organization is non‐hierarchical,
where efficiency is valued along with the holistic combination of mental, physical, emotional, and
spiritual knowledge. In indigenous social structure, reciprocal responsibility drives economic and social
organization, time and history are circular, and technology should be appropriate and balanced against
impacts. The community, thus, is resilient.

M. Lichtenstein, Resiliency in Environmental and Energy and Systems, 1/16/09

Page 4

Syracuse Center of Excellence (CoE) and Resilience
The activities of the SyracuseCoE, an industry‐university collaborative organization that creates
environmental and energy innovations for a sustainable future—one looking at least seven generations
hence—is key to resilient local populations in several ways. First, the business model or innovation
platform is a system for facilitating the creation, validation, and commercialization of products and
services in environmental and energy systems (see figure below). Second, the SyracuseCoE focus areas
are air, energy, and water—all vital systems to serve life and populations. Finally, the outreach and
workforce development programs of the SyracuseCoE are striving to create jobs and well being for the
community and region as a whole.

Innovations facilitated by the SyracuseCoE in its three focus areas have led to the development of
devices and systems that can protect people, buildings, water supplies, energy systems, and
communities during times of stress.
For example, to protect air quality in buildings SyracuseCoE researchers are exploring systems to detect
contaminants in HVAC systems and intelligently control the operation if an agent is found. This type of
system can be used to understand more about when buildings or cities are safe after a catastrophic
event. Also, SyracuseCoE partner companies have built devices that can be used in emergency events
such as pandemics, biological attacks, or massive fires.
In the water area, SyracuseCoE is leading efforts to explore alternatives to centralize water and
wastewater treatment systems. By providing natural treatment areas through green infrastructure, large
capital wastewater projects can be avoided. These natural systems also provide redundancy in systems.
Similar to buildings and air, SyracuseCoE researchers and companies are creating systems to detect
toxins in water and monitoring networks that provide background data that can be used to determine
when there might be a perturbation in a system whether intentional or not. Related, as society
addresses climate change it is paramount to have background data and models to interpret how the
global community will respond to changes in GHG levels in the atmosphere.
In the energy area, research and commercialization activities in different technologies such as solar,
micro‐hydro, and geothermal systems provide redundancy and opportunities for the development of
distributed energy systems. Renewable energy systems promote resilience by moving away from
carbon‐intensive fossil fuels and centralized power grids. As seen in August 2003, the fragility of the
Northeast grid was evident when 50 million people lost power due to an event at in Ohio.
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Equally important to new technologies in the energy area is SyracuseCoE’s emphasis on sustainability,
energy efficiency, and green buildings for communities. Paying heed to site attributes, taking a holistic
approach for design, and using healthy materials result in buildings and communities that work with
natural systems rather than against them.
SyracuseCoE recognizes the societal need of what it does. Consider the following reality. More than 70%
of electricity and more than 40% of energy consumed in the U.S. is used to heat, light, ventilate, cool,
and power buildings. Poor indoor environmental quality (IEQ) in buildings causes adverse impacts on
occupants’ performance and/or health, which are estimated to cost the U.S. economy $60 billion
annually. A confluence of rising public concerns—including the impact of buildings on global climate
change, the cost and availability of traditional energy sources, and the effects of poor IEQ on human
health and performance—drive the need for innovations that increase energy efficiency of buildings
while simultaneously improving IEQ for occupants.
As a key cornerstone of economic development for the Syracuse and Central Upstate NY region,
SyracuseCoE programs are helping to create employment opportunities for individuals. Revitalization of
communities such as the Near West Side of Syracuse through sustainable projects such as LEED‐ND is
critical for rebuilding and supporting the social infrastructure of neighborhoods. Workforce
development programs in green construction, deconstruction, weatherization, and green infrastructure
provide a nexus that enable individuals to earn living wages to support their families as well as
contribute to the overall environmental health of their community. The creation and maintenance of
green spaces and public parks lead to the creation of systems that provide buffering during extreme
weather events and enable physical and spiritual connections to nature.

SyracuseCoE Resilience Projects: Examples
Focus Area One:

Air

•

Smart Buildings: Promote the development of Smart Buildings. Some examples:
• Sensor development: R&D on smart sensors, nano‐materials at Syracuse University
• Computational fluid dynamic modeling of contaminant/particle transport within systems at
Clarkson University
• Sensor deployment and networks for early detection at Syracuse University

•

Clean/Safe Spaces: Ability to create clean/safe spaces. Some examples:
• Portable Contamination Control Unit—Isolation Air by Air Innovations
(www.airinnovations.com/IsolationAir.asp)
• Creates negative or positive pressure, quickly and easily
• Combines pre‐filter, dual UVC germicidal lights and a 99.99% HEPA filter for optimal air
purification against many airborne biological contaminants, mold bacteria and viruses
• Provides air conditioning for patient and staff comfort
• Isolates room from central system to limit potential of cross‐contamination
• Self‐contained and portable, using standard 110‐volt outlet
• Applications for use include hospital rooms (e.g., burn, trauma, infectious disease)
• Positive/Negative Pressure Isolation Enclosure—Isolation Sciences
(www.isolationsciences.com/posneg.html)
• This technology has applications for medical shelters used during any pandemic mass
casualty event or Katrina‐like emergency disaster to isolate highly infectious patients and
or to keep any exterior air contaminate from entering the occupant space used to house
immune‐suppressed patients.
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Focus Area Two:
•

•

•
•

•
•
•

•

Green Workforce Development & Outreach

Community of Learners
Deconstruction
Green Construction
Social Networks: Building on neighborhoods, strong social networks to help unemployed,
underemployed to find opportunities and succeed

Program Delivery:
•
•
•

Water

Distributed Systems: Distributed systems for water and waste water treatment
Early Warning: Early warning detection systems. Some examples:
• Orthosystems
• Source Sentinel
Green Infrastructure: Less reliance on central, capital intensive treatment plants
Sensor Networks: Sensor deployment and networks for decision making and management
• Syracuse University/Upstate Freshwater Institute robotic network
Sustainable Infrastructure Management Practices: Promote the 4‐pillars of sustainable
infrastructure management:
• Better Management skills
• Full‐Cost Pricing
• Watershed/Ecosystem Approach
• Water Use Efficiency
Sustainable Planning: Water use planning and management, landscape and urban planning,
land use planning

Program Delivery:
•
•
•
•

Energy

Clean & Renewables: Development of new fuels and technologies, such as:
• Algae Based Biodiesel
• Cellulosic Ethanol
• Solar
• Small wind
• Small hydro
Efficiency: Some examples of energy efficiency programs:
• Freewatt furnace: Micro combined heat and power demonstration in Near West Side home
• Green buildings
• Weatherization programs
• Smart appliances and grid
Generation: Promote diversity of sources for production and carbon neutrality
Storage: Ability to store energy is key and obviates the need for a central grid
• Batteries
• Fuel cells
• Transportation

Focus Area Three:
•
•
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SyracuseCoE Business Model

Academic/Business Nexus: A nexus to create “intellectual collisions”
Creative Community: Creative ideas along the continuum
Innovation Platform: Programs in place to create, nurture, and commercialize relevant
technologies and services
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Resilience Theory As Applied
According to the Resiliency Alliance, the basic concepts underpinning a resilience approach to policy and
management are: non‐linearity, alternate regimes and thresholds; adaptive cycles; multiple scales and
cross‐scale effects ("panarchy"); adaptability; transformability; and, general versus specified resilience.
•

Non‐linearity, Alternate Regimes and Thresholds
Because of non‐linear dynamics, many systems can exist in what are called alternate stable
states. The term "states" is often used loosely and can be confusing, so it needs to be defined.
The state of a system at any time is defined by the values (amounts) of the variables that
constitute the system. As biophysical and social attributes of the system change, the positions of
the attractors move around, and the various basins of attraction get smaller and larger, or
appear and disappear.

•

Adaptive Cycles
Social‐Environmental Systems, like all systems, are never static, and they tend to move through
four, recurring phases, known as an adaptive cycle. Generally, the pattern of change is a
sequence from a rapid growth phase through to a conservation phase in which resources are
increasingly unavailable, locked up in existing structures, followed by a release phase that
quickly moves into a phase of reorganization, and thence into another growth phase. However,
multiple possible transitions among the four phases are possible and the pattern may not reflect
a cycle.

•

Multiple Scales and Cross‐scale Effects ("Panarchy”)
No system can be understood or managed by focusing on it at a single scale. All systems exist
and function at multiple scales of space, time and social organization, and the interactions
across scales are fundamentally important in determining the dynamics of the system at any
particular focal scale. This interacting set of hierarchically structured scales has been termed a
"panarchy" (Gunderson and Holling 2003).

•

Adaptability
Adaptability is the capacity of a Social‐Environmental System to manage resilience in relation to
alternate regimes (sometimes called adaptive capacity). It involves either or both of two abilities:
•
•

The ability to determine the trajectory of the system state ‐ the position within its current
basin of attraction;
The ability to alter the shape of the basins, that is move the positions of thresholds or make
the system more or less resistant to perturbation.

The abilities to effect both of these are determined by a combination of attributes of both the
social domain and the ecosystem.
•

Transformability
In cases where a system is already in an undesirable regime and efforts to get it back into a
desirable regime are no longer possible (or worse, make the undesirable basin larger), one
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option for resolving the predicament is transformation to a different kind of system—new
variables, new ways of making a living, different scales—a different panarchy.
•

General vs. Specified Resilience
One can think about "specified" resilience as the resilience "of what", "to what". This should be
the focus—the resilience of some aspect of a system (its productivity, the species it contains, the
livelihoods of people) to some defined shocks (a drought, a fire, a market shift). However, efforts
to increase resilience of some aspect of a system regime to a specified set of disturbances can
unwittingly reduce the resilience of other aspects of that system to other, non‐specified (perhaps
novel) disturbances. There is therefore a need to balance the maintenance of general resilience
while engaged in necessary efforts to enhance specified resilience to known threats and
disturbances. It is a difficult issue to address.
From The Resilience Alliance (resilience.org)
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