Policy analysis tools analyzing linear and singular
policy issues are inadequate for complex socialecological systems (SES), and are often not easily
understood by non-expert policy-makers and public
stakeholders within the policy system. A new
complex systems policy analysis method has been
developed using concept mapping to allow visual
depiction of a complex policy system with multiple
interdependent cause and effect relationships and
feedback loops. This new approach can also be used
to generate more innovative and integrated policy
alternatives to address several interdependent
problems identified in the policy system, and is easily
understood by non-experts. This paper will describe
the new approach and its application on a watershed
community policy analysis case study.
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Introduction
Policy analysis tools are most effective when analyzing linear and specific policy issues.
However, under conditions where policy systems reflect complexity and interdependence, such
as complex social-ecological systems (SES), most policy analysis tools have glaring limitations.
Better tools for analyzing policy within complex social-ecological systems are needed.
Considering policy-making
trends that increasingly engage more diverse non-expert
stakeholders, new policy analysis tools should also be developed in order to be usable by and
explicable to non-expert policy-makers and community members who are stakeholders within
the policy system.
A new complex systems policy analysis tool and method are being
developed that meet these criteria. By using cMap concept mapping software, a complex
policy system can be depicted along with its interdependent cause and effect relationships and
feedback loops. This tool can also be used to generate more innovative and integrated policy
alternatives to address several interdependent problems identified in the policy system. The
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result is a workable policy analysis tool that can be used by experts with non-experts to identify
and analyze complex environmental policy problems, and then generate more integrated and
comprehensive policy alternatives to address the needs of the entire system. This paper will
describe the new tool and its application on a watershed community policy analysis case study.
The nature of complex social-ecological systems (SES)
Complex social-ecological systems (SES) are made up of interdependent ecological
systems and social systems that interact in ways that defy linear cause-effect relationships.
These systems are considered “complex systems” in that they exhibit multiple feedback loops
or ripple effects that merge what is cause and what is an effect, so that most elements of a
system are both cause and effect and feed back on one another. (Figure 1) Feedback
processes may cause problems, or they may be working together to create positive conditions
or assets. Complex systems, rather than having one equilibrium or balanced state, may have
many possible arrangements that each create a contingent or temporary balance. If this
contingent balance of the system is disturbed or disrupted severely enough. The entire system
rearranges itself to a new balance. This moment of reconfiguration is called a bifurcation
point. This makes a complex system inherently unpredictable and reflects considerable
uncertainty. Human social systems and biological or ecological systems are examples of
complex systems.

Figure 1
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Linear Systems Thinking vs. Complex Systems Thinking
Linear systems, on the other hand, are simpler, and reflect simple, linear relationships of
cause and effect that can be isolated, modeled, repeated with regularity and certainty, and
predicted. (Figure 2) A problem arises when the type of thinking used to understand linear
systems is extrapolated to complex systems. Linear systems thinking oversimplifies causeeffect relationships, ignores interdependencies and feedback loops, falsely assumes certainty
and predictability, and is unable to anticipate and address bifurcation events. Complex socialecological systems require complex systems thinking, not linear systems thinking.

Figure 2
Limitations of the Rational-Comprehensive Policy Process
The most prevalent policy analysis tool used for environmental and natural resource
policy making is the rational-comprehensive process, and it is grounded in linear system
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thinking. It can be very effective when used to address relatively simple policy problems. It is
woefully inadequate when applied to problems within a complex social-ecological system.
The rational-comprehensive policy process begins by identifying the problem. This
requires a clear, precise and simple description of the cause–effect relationship. The next step
establishes criteria that must be met by any proposed policy solution. The third step is the
generation of problem solutions or proposed policy alternatives. After this, each alternative is
assessed based on the established criteria, and the best alternative is chosen for adoption. The
best policy alternative is then implemented, followed by an evaluation of the policy.
Subsequent policy actions depend on whether the implemented policy is a partial success,
complete success, partial failure, or complete failure.
The need for better tools for analyzing policy within SES
When applied to a complex social-ecological system, the rational-comprehensive policy
process exhibits some glaring inadequacies. First, it is unable to simplify a problem that is the
result of complex, interdependent, processes and all their feedback loops. Second, it does not
make accommodations for bifurcation events and the possible rapid movement into completely
different balanced state. Third, it does not accommodate uncertainty and unpredictability
well. A better policy tool is needed for use within a complex social-ecological system.
Toward a New Complex Systems Policy Analysis Tool
In today’s policy making arena, there is also an increased demand for more participatory
policy making processes that engage the general public and other diverse stakeholders. These
participants do not necessarily have the extensive background in elaborate policy process
methodologies, intricate data analysis, and sophisticated quantitative methods. To be used
effectively with diverse non-experts, a policy process tool must maintain its accuracy, and yet
be usable by and explicable to non-experts. A new complex systems policy analysis tool and
method are being developed that can: be used by experts with non-experts; identify and
analyze complex environmental policy problems; depict or model complex policy systems;
address several interdependent problems; depict interdependent cause and effect relationships
and feedback loops; generate more innovative and integrated policy alternatives; and address
the needs of the entire ecological and social system that encompasses the policy. It is a
Complex Systems Policy Analysis Tool, and it makes use of concept mapping as a visual tool.
The concept mapping can be done with any manual or electronic process, and one effective
software package for use in concept mapping is cMap, distributed by the Institute for Human
and Machine Cognition.
cMap concept mapping software
cMap software is a simple concept mapping software package that can be freely
downloaded from the internet. It allows users to draw graphic representations of policy
systems using boxes to represent social-ecological problems and arrows to represent causeeffect relationships and feedback loops. Because of its graphic, visual nature, it is readily
understandable by non-expert audiences, and it is able to effectively capture and depict
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multiple interdependent relationships. It also allows for new policy innovations that can arise
from understanding the policy problem as a system, generating creative solutions that address
multiple aspect of a policy system by taking advantage of feedback loops.
The Complex Systems Policy Analysis Tool
Using the cMap software, the policy system is depicted as a series of problems to be
addressed. For each problem, a box is drawn and labeled. Next, the problem is elaborated by
creating boxes for underlying causes of each problem. This is the logic model of the cause and
effect relationships. Arrows are then used to draw the relationships between problems, causes
and effects. Arrows may also include descriptions to explain the relationships. Arrows are also
used to depict any relationships that might also be feedback loops. Feedback loops exist
whenever there is a circular or reciprocal relationship of cause and effect. To increase
effectiveness, the relationships can assume a quantified aspect by changing the color and
weight of the arrows to depict minor relationships, moderate relationships, or strong
relationships. This completed graphic is now a descriptive complex policy system, and
corresponds to the first step of the rational-comprehensive policy process of describing the
problem. (Figure 3) This description, however, describes the interdependent, complex policy
problem system.
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Figure 3
Once the complex policy system is described as a graphic representation, the policy
system can be visually analyzed to look for a few strategic hubs to focus policy solutions.
Strategic hubs emerge wherever there are multiple arrows, especially multiple strong
relationship arrows. The assumption is that by focusing on these strategic hub problems, they
will have the greatest potential impact for affecting the entire policy system by working
synergistically and dynamically. It is not necessary to explicitly address every policy problem,
because the system undergoing a significant policy intervention addressing three, four or five
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strategic hub problems will automatically make use of feedback loops to generate positive
ripple effects and begin improving other problems within the policy system.
Any policy innovation would need to creatively address the problem posed by three,
four or five (or more if possible) strategic hub problems. (Figure 4) A policy innovation can be
modified and adapted to address more and more of the policy system as needed simply by
comparing the potential policy solution with the policy system and looking for opportunities to
incorporate or integrate any other problems depicted in the complex policy system concept
map. . Like any other public policy intervention, the objective is rarely to “solve” policy
problems completely, but rather to take a very bad problem and replace it with a significantly
less bad problem.

Figure 4
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Application of a Complex Systems Policy Analysis on a watershed case study
In Albany County in upstate New York, there is a small urban-suburban creekshed that
drains into the Hudson River. This creekshed, the Kromma Kill Creekshed, was delineated
according to hydrological boundaries to form an ecoregion. Together with the human
inhabitants living within these natural boundaries, a unit of analysis called a “creekshed
community” was created. To study this creekshed community required complex socialecological system assumptions, and ecological and social data was collected. Once this data was
collected, the complex systems policy analysis process was applied.
Problems emerging from the Kromma Kill Creekshed Community were depicted using
boxes in the cMap software. This included environmental issues like legacy pollution from a
closed steel plant, toxic waste dump and historic rail yard. Regular flooding was an issue, and
was compounded by increasing runoff from impermeable surfaces within the creekshed, a CSO
(combined sewer overflow) outlet releasing raw sewage, and tidal effect of the Hudson River
flushing Hudson River pollution upstream into the Kromma Kill creek during high tide. The
creekshed has an upstream community and a downstream community. The upstream
community consists of upper-middle class and upper class residents in the higher elevations,
and the downstream community consists of lower middle class and working class residents in
the lower elevations and in the flood plain. Contaminated areas are only found in the
downstream community, and the public school serving the downstream community reflected
significantly higher rates of reduced and free lunches and a significantly higher rate of students
receiving special education services for learning disabilities. Data shows that the downstream
community has had consistently higher rates of poverty over the past several generations,
experiences higher rates of unemployment, and live in houses with much lower property value
and in higher levels of disrepair. The school for the downstream community showed test scores
significantly lower than the school for the upstream community. There are several indicators of
poorer health within the downstream community, and lower education levels. There are
environmental justice concerns within the downstream community. (Figure 5)
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Figure 5
In the case of the Kromma Kill Creekshed Community, five hub problems were
identified: high unemployment, poor health, houses having low property value and in disrepair,
environmentally contaminated areas, and flooding. Through creative brainstorming, sorting
and rearrangement of the cMap, a policy alternative emerged to address the complex socialecological system. The policy is a multi-part initiative that engages new environmental work
crews as a way of creating local jobs for unemployed residents of the creekshed community.
The full-time jobs also provide health care for crew members and education and job skills
training opportunities. The environmental work crews are trained in hazmat skills, ecological
restoration skills, and housing rehab (green building) and are then employed to clean up
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contaminated areas within the creekshed. These areas are restored for commercial reuse by
industry, with the added bonus of additional job creation in the future. The work crews also
rehabilitate local homes to improve health, safety and energy efficiency. Crews also work on
green infrastructure construction projects that replace non-permeable pavement (roads and
sidewalks) with semi-permeable surface installations that provide natural flood mitigation. At
the completion of the work program, crew members are transitioned into setting up their own
small businesses to provide goods and services related to the work they completed on the
environmental work crews. While not every problem in the system was addressed directly, the
system will be able to rely on feedback lops that convey indirect benefits from ripple effects of
this policy initiative. This public policy initiative came out of a strategic innovation arising from a
complex systems policy analysis of a social-ecological system.
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