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OVERVIEW: Ecosystem management and restoration practitioners are challenged with complex
problems, diverse project goals, multiple management alternatives, and potential future scenarios
that change the systems of interest. Scenario analysis aids in forecasting, evaluating, and
communicating outcomes of potential management actions under different plausible conditions,
such as land-use change or sea level rise. However, little guidance exists for practitioners on the
utility and execution of scenario analysis. Therefore, this technical note highlights the usefulness
of scenario analysis as a tool for addressing uncertainty in potential project outcomes. The
mechanics of the scenario-analysis process are explained, and examples of different types of
scenario analyses are described for context on the breadth of its use. Lastly, two hypothetical case
studies of scenario analysis in ecological modeling are presented showing a semiquantitative
approach for assessing anadromous fish and a quantitative approach examining freshwater mussel
habitat. Overall, this technical note provides a brief review of the utility and application of scenario
analyses in the context of ecological modeling and ecosystem management decision-making.

INTRODUCTION TO SCENARIO ANALYSIS: In simple terms, scenario analysis can be
defined as a method for exploring alternative futures and trajectories in systems. Scenario analysis
is also a powerful tool to evaluate how potential project outcomes compare to each other by
incorporating qualitative and quantitative factors in the system of interest. This tool may be used
to assess complex systems by considering possible effects of a situation (for example, potential
management alternatives); trend (for example, seasonal or long-term weather variability); or
phenomenon (for example, stochastic atmospheric events) (Peterson, Cumming, and Carpenter
2003, 359-60; Yuan et al. 2017, 513—19). Scenarios can describe different formulations or
hypotheses for a system of interest or explore how a system may be altered under different driving
forces. Alcamo and Henrich (2008, 17-19) describe three purposes and uses of environmental
scenario analysis: (1) education and public information to teach, raise awareness, inform, and
consult with experts, stakeholders, or the public; (2) science and research during assessments,
exploration, and speculation processes; and (3) decision support and strategic planning for
collective inquiry, advocating for change, long-term planning, and policy making.

Scenarios can be used in project planning and decision-making to comprehensively and
transparently analyze and compare possible outcomes under different management actions. We
use the term scenario to refer to futures of a system under a well-defined set of management
alternatives, including both action and no action. In general, scenario analysis is used in
ecosystem management projects to provide clarity by allowing decision makers to assess trade-
offs between alternative futures or management actions.
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Scenario analyses can be conducted qualitatively, semiquantitatively, or quantitatively. A
qualitative scenario analysis can represent multiple views of stakeholders and multidisciplinary
experts presented in the form of diagrams, phrases, narratives, or outlines (Alcamo 2008, 124).
Similar to conceptual modeling, qualitative scenario analyses may be used as a communication
tool when presenting a project to stakeholders who are unfamiliar with the system or the
analytical tools used for modeling. However, a qualitative scenario analysis does not provide the
numerical information often required for choosing from potential alternatives; therefore, a
quantitative analysis may be needed for many applications. Quantitative scenarios are commonly
based on computer models, where scenario assumptions are represented in alternative model
structures (that is, equations, coefficients) or inputs. Trade-offs in quantitative analysis typically
occur among the need for model construction and interpretation of results (Alcamo 2008, 125—
26). An intermediate between qualitative and quantitative analysis is semiquantitative analysis
that includes a descriptive narrative with numbers without formal mathematical models. Notably,
all types of scenario analysis can be used in the same project for different purposes. For example,
qualitative and semiqualitative scenario analyses can be used to help project planners and
scientists map out potential outcomes and use lessons learned to guide a quantitative analysis.

Ecological models are often used in scenario analyses because of their ability to quantify
complex ecological interactions. Ecological models are simplified numerical representations of
ecological systems designed to estimate ecological response of potential project-related
activities. When comparing modeled scenarios, results are most often compared in a relative
manner to outcomes generated from the same model because of the assumptions built into the
model. A detailed description of modeling assumptions is beyond the present scope, but briefly,
the conceptual and quantitative structures of a model are built on a set of assumptions unique to
that model, thereby limiting the inference that can be made when comparing to other models
(Ford 1999). For example, an ecological model for an endangered species population that
assumes constant birth and death rates for all habitat patches will estimate a very different
probability of extinction from a model with birth and death rates varying between patches.

The purpose of this document is to

e highlight the utility of scenario analysis as a tool for addressing uncertainty

e describe a repeatable set of steps for executing scenario analysis

e review examples of scenario analysis with a focus on environmental applications
e present two example applications of scenario analyses in water resource planning

MECHANICS OF SCENCARIO ANALYSIS FOR ECOLOGICAL MODELING: Here, we
describe a process for conducting scenario analysis, which is largely adapted from Peterson,
Cumming, and Carpenter (2003) and augmented by US Army Corps of Engineers (USACE) sea
level rise guidance (USACE 2011) as well as our experiences with USACE project planning. The
process generally benefits from engaging multidisciplinary stakeholders (including technical
expertise and community members) in the development of ecological models, scenarios, or both,
and the process may be iterative or adaptive to a variety of planning needs and contexts. Although
beyond this scope, the role of stakeholders cannot be overemphasized, as they can shape key
aspects of the entire process, such as expected outcomes from models, key features of models, the
types and structure of scenarios, and interpretation of scenario modeling outcomes.
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The following seven steps (adapted from Peterson, Cumming, and Carpenter 2003, 360—63)
describe the process of building and executing scenario analyses. Figure 1 presents these steps as
a generalized scenario-analysis workflow. It is important to note that, although a scenario
analysis can be simply a method for exploring potential outcomes in a system, Steps 1-3 must be
well defined prior to conducting an analysis.

1. Identification of the decision problem—Scientists and practitioners should determine the main
focal issues, goals, and objectives, as these direct all subsequent analyses.

2. Assessment—All components of the decision problem should be identified and evaluated from an
early stage, including individuals, institutions, organisms, ecosystems, and associated
relationships.

3. Formulating a question—Depending on the decision context and qualitative assessment, a
question should be generated regarding the future of the system under evaluation. This question
should be specific and objective enough to guide development of scenarios and alternatives to be
evaluated.

4. Identification of alternatives—After evaluating forces driving system dynamics, alternative
actions may be developed to solve the decision problem relative to the desired outcomes.
Alternatives analysis alone may be a type of scenario analysis.

5. Building scenarios—Scenario development is the process through which scenarios are constructed
and elaborated on. Scenarios should be considered as components that may change in a system
(for example, sea level rise) or potential levels of project outcomes (for example, worst- and best-
case scenarios).

a. Articulate different narratives about the system—Write down how the system works in the
present and historically when possible.

b. Identify system components—List the main drivers of change in this system (for example,
biological, physical, chemical, or social components).

¢. Link system dynamics—Identify relationships between system components and focal
outcomes of the decision problem.

d. List possible futures in scenarios —Qualitatively describe scenarios and pinpoint how
scenarios affect system components and dynamics represented in model.

e. Match possible future scenarios with management actions T—Connect management actions
identified in Step 4 with scenarios listed in Step 5d.

f.  Build a qualitative model—Conceptually map system components into a qualitative model
that will serve as a guide for a quantitative model (if needed). This map could be formatted as
a narrative, table, diagram, or conceptual model. List and describe key assumptions.

g. Develop quantitative input parameters for each scenario*—Translate information from
previous steps into measurable parameters for each scenario in the format of model inputs (for
example, increase in agricultural land becomes a 20% increase in row crop area).

* A scenario analysis can include just scenarios, just management alternatives, or a combination of both.
T See above.
1 Steps for building a quantitative model are not needed if only qualitative models are used.
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h. Build a quantitative model *—Use qualitative models and quantitative input parameters to
build or apply quantitative models for each scenario. Document key assumptions.

6. Identification of potential outcomes—Outcomes should then be identified in combination with the
scenarios to assess how actions could change under each different scenario.

7. Evaluating outcomes—Plausible alternative and scenario outcomes should then be evaluated
depending on their ability to address the initial decision problem. For instance, USACE guidance
on sea level rise (USACE 2011) suggests two possible methods for evaluating scenarios: (1)
identifying a preferred alternative for a single scenario or (2) comparing all alternatives and
scenarios.

* See above.
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Figure 1. General diagram of a scenario-analysis workflow. Each Step (1-7) is numbered
to match the process of conducting a scenario analysis modified from Peterson, Cumming,
and Carpenter (2003).

LIMITATIONS OF SCENARIO ANALYSIS: Scenario analysis does not predict system futures
but rather helps analysts explore and describe what might happen in systems (Schultz et al. 2011,
1-2). It is simply another tool for collecting information to make informed decisions. Scenario
analysis provides transparency and aids decision-making, but additional analyses are often needed
to understand potential adverse effects and account for uncertainties. However, scenario analysis
can still provide initial insights into potential uncertainties in processes and models as well as
highlight key risks.

Risk and uncertainty analyses add crucial information to further assist decision makers’ choice of
the most appropriate management strategies. In general, uncertainty can be defined as a lack of
information or confidence in the information available (see detailed review by Ascough et al.
2008). Some types of uncertainties include knowledge uncertainty (for example, data error and
correct input parameters and models) and variability uncertainty (for example, inherent
randomness of nature and human bias). Knowledge uncertainty can be addressed by using
sensitivity analysis to test the influence of key parameters and assumptions on outcomes (Schultz



ERDC/TN EMRRP-ER-23
July 2022

etal. 2011, 3—4). Once scenarios are built and modeled, additional risk analyses may be
conducted to explore potential negative effects of scenarios and management alternatives (see
USACE risk-informed planning guidance in Yoe and Harper 2017).

EXAMPLES OF SCENARIO ANALYSES IN ECOLOGICAL MODELING: Scenario
analysis is a particularly valuable tool when assessing future projections in complex ecological
systems and applied-management problems. This technique helps bridge communication between
scientists, stakeholders, and project managers from multiple disciplines; it improves public
understanding of ecology; and it aids in evaluating the future of complex ecological systems
(Bennett et al. 2003). Here, we present three classes of complex ecological problems where
scenario analysis has been coupled with ecological models to improve decision-making or reduce
uncertainty: socioecological systems analysis, climate change, and biodiversity conservation (see
also Table 1).

Socioecological systems. Governments and policymakers are increasingly using the concept of
ecosystem services to protect natural resources that benefit human well-being. Scenario analysis
provides a mechanism for informing management decisions by evaluating management actions
that protect or restore ecological resources that in turn benefit people (Martinez-Harms et al.
2015). The Millennium Ecosystem Assessment (MEA, 2005) provides a large-scale example of
scenario analysis of ecosystem services, where four scenarios were developed to explore features
of global change (for example, policy, technology, trade, economy, security) and socioeconomic
factors that drive change (for example, population growth, land-use change, pollution) in
ecosystems services (for example, water, food, air quality, recreation). Findings from the MEA
sought to inform policy development at regional and global levels that would mitigate negative
impacts of global change on ecosystem services. Importantly, ecosystem-service scenario
analyses can also be conducted at smaller scales (for example, national, regional, provincial). For
instance, Bohensky, Reyers, and Van Jaarsveld (2006) explored possible futures of ecosystem
services in the highly altered Gariep River Basin in southern Africa and reported plausible
futures qualitatively in a narrative form.

Climate change. The Intergovernmental Panel on Climate Change (IPCC) is the United Nations
body for assessing the science of climate change, its impacts and future risks, and options for
adaptation and mitigation. For decades, the IPCC has used scenarios to describe alternative
futures and associated climate consequences. The IPCC constructs qualitative scenarios on
greenhouse gas and aerosol precursor emissions using different narratives representing divergent
demographic, social, economic, technological, and environmental components in scenarios
(Nakicenovic et al. 2000). These qualitative scenarios are then translated into quantifiable
parameters, and ultimately climate scientists build global climate change models to project the
scenarios. In addition to direct application for climate assessment, these scenarios and models
have been examined in hundreds of ecologically relevant analyses ranging from hydrologic
change to species habitat-range assessments. For instance, IPCC scenarios and associated general
circulation models were used to determine the impacts low stream flows would have on the
River Thames (Diaz-Nieto and Wilby 2005).
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Table 1. Select examples of scenario analyses in ecological modeling and ecosystem
management.
Project Goals for scenario analysis Example scenarios

Millennium Ecosystem
Assessment (MEA
2005; Nakicenovic et
al. 2005)

e To explore plausible futures
for ecosystems and human
well-being

e To inform decisions makers
about development,
response strategies, and
policy to mitigate or adapt to
change

Low human population growth and high
economic growth

Low economic growth rates and high
human population growth

Economic growth increases gradually
and population near to highest

High economic growth rate and
midrange population growth

Ecosystem services in
the Gariep River Basin,
southern Africa
(Bohensky, Reyers,
and Van Jaarsveld
2006)

e To explore futures for
ecosystem services and
human well-being

e To compare regional
scenarios with global
scenarios

Increases in industrialization,
urbanization, income disparities

Fair trade, technology, intensive and
organic farming, conservation,
ecotourism

Social class disparities, environmental
decline, lack of access to water rights,
reduced industrial activity

Local conservation, self-reliant
community

Enforcement of national environmental
standards

Urban change in
Algarve, Portugal (Vaz
etal. 2012)

To combine urban growth with
multicriteria evaluation for
strategic and sustainable
development

Business as usual
Ecological interest
Economic interest

Climate Change in the
Thames River (Diaz-
Nieto and Wilby 2005)

To project future changes in river
low flows

Comparison of baseline period (1961—
1990) to out years (2020, 2050, 2080)
Medium-low precipitation change
Medium-high precipitation change

Global Biodiversity
Scenarios for the Year
2100 (Sala et al. 2000)

To rank important drivers of
biodiversity change, calculate
expected change of drivers in
each biome and produce
scenarios using drivers and
expected changes

Levels of interaction among drivers of
biodiversity change:

o No interaction

o Antagonistic interactions

o Synergistic interactions

Biological ensemble
modeling to evaluate
potential futures of
living marine resources
(Gardmark et al. 2013)

To study long-term response of
the Eastern Baltic cod to
alternative fisheries
management scenarios under
different climatic regimes

Intensive fishing

Less fishing

Increasing temperature, decreasing
salinity

No further climate change

Biodiversity conservation. Complex questions about natural resources, land-use change, and
biodiversity may also be assessed with scenario analysis to inform sustainable development. For
instance, Sala et al. (2000) used scenario analysis to understand drivers of global change across
10 biomes and long timescales. At more local scales, policy maker concerns and economic
history (qualitative data) were combined with remotely sensed land-cover imagery and cellular
automata models to inform strategic development for tourism in Portugal, which combined
qualitative and quantitative approaches to develop robust scenarios (Vaz et al. 2012). Scenario
analysis has also been used to address complex natural resource management issues alongside
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climate change, such as Gardmark et al.’s (2013) simulation of Eastern Baltic cod populations in
response to combinations of changes in salinity, temperature, and fishing pressure.

APPLICATIONS OF SCENARIO ANALYSES FOR HYPOTHETICAL US ARMY
CORPS OF ENGINEERS (USACE) PROJECTS:

Semiquantitative example: Anadromous fish. As explained above, scenario analyses may be
qualitative or quantitative. Figure 2 demonstrates a hypothetical qualitative scenario analysis
case in the form of a bubble diagram. Guided by the scenario analysis steps described in the
section above, and the workflow in Figure 1, a group of decision makers and stakeholders
evaluated potential project alternative outcomes under different scenarios. The following steps
describe how the group conducted the scenario analysis:

e Decision problem (Step 1)—The project focused primarily on habitat restoration for
anadromous fish under three different hydrological scenarios.

o Assessment (Step 2)—Organisms involved were sensitive and endangered anadromous fish in
a northwestern United States watershed affected by the proposed management decisions and
non-project-related changes in the system. Target groups of stakeholders were federal, state,
and local agency researchers and practitioners, communities surrounding the watershed, and
recreational fishers.

e Question (Step 3)—This focal question guided the analysis: how do hydrological changes
driven by effects of climate change affect the ecological outcomes of the management
alternatives in this restoration project?

e Management alternatives (Step 4—They identified increasing river connectivity at all dams
and reforesting 100 m of riparian buffer as their potential alternatives. A no-action plan was
included to compare ecological outcomes relative to the current state of the ecosystem.

e Building scenarios (Step 5)—Scenarios of plausible futures independent of management
actions were then constructed using historical data from rain gauges surrounding the
watershed (that is, a decrease in precipitation, no change in precipitation, and an increase in
precipitation) and the following substeps to build scenarios:

o Narratives about the system—Historical data showed an overall decrease in water levels
and longer periods without precipitation.

o System components—Main components of interest were listed as anadromous fish
populations, water availability, percent habitat connectivity, precipitation, water quality,
and riparian buffer zones.

o System dynamics—Relationships between components were thought out as water quality
affected by precipitation, connectivity, and buffer zones. Specifically, assumptions were
made that improving water quality and connectivity would increase anadromous fish
populations.

o Futures in scenarios—Potential scenarios from precipitation change were an increase in
precipitation, a decrease in precipitation, or no change in precipitation and how these
changes would affect the water quality and connectivity.
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o Future scenarios with management actions—Scenarios were linked to management
actions in the following ways: increasing buffer zones to improve habitat quality under
the three precipitation scenarios and increasing fish passage by removing dams and
therefore increasing habitat connectivity and quality under the three precipitation
scenarios.

o Built a qualitative or semiqualitative model—A semiqualitative model (Figure 2) was
built by constructing a bubble chart to project possible outcomes of habitat quality
changed as ecological outputs that change depending on the three precipitation scenarios
and three management actions.

e Graphed potential outcomes (Step 6)—Potential ecological outcomes from the alternatives
and scenarios were plotted in the bubble chart (Figure 2). Relevant outcomes are explained in
the text below.

e Evaluated outcomes (Step 7)—During the outcome evaluation, stakeholders asked whether
these alternatives or scenarios improved the habitat quality of anadromous fish. They also
assessed trade-offs between alternatives under different scenarios to come up with the
informed recommendations for the project execution.

Figure 2 shows how management actions (y-axis) affect overall habitat quality (Hab) and
connectivity (Con), represented by changes in bubble size (ranging from <20% to a 100%
change). These changes were evaluated under the three different scenarios (Figure 24—C) within
the project’s lifetime (x-axis; 0—25 years). Under a decrease in precipitation scenario (Figure
24), the no-action plans would result in a reduction of quality and connectivity over time because
of potential drying and fragmentation. However, increasing buffer and connectivity might result
in higher ecological outcomes than the no-action plans in most cases. However, the effects of
increasing buffer on connectivity (Buffer Con) would have no apparent change in ecological
outcomes and resulted in similar outcomes to the no-action plan for connectivity.

Under the no change in precipitation scenario (Figure 2B), the stakeholders evaluated the effects
of only the management actions over time. Increasing passage connectivity increased both
overall habitat quality and connectivity over time. Increasing riparian buffer had a positive effect
in ecological outcomes of habitat quality (Buffer Hab), but increasing riparian buffer had no
effect on connectivity (Buffer Con), which is expected under a scenario of no change in
precipitation or decrease in precipitation.

The increase in precipitation scenario (Figure 2C) showed the stakeholders that this hydrological
change would have gradual negative effects on habitat quality over time under a no-action plan,
possibly because of increased bank erosion and scouring. However, connectivity would still
increase under the no-action plan, because this scenario would cause a higher potential to
naturally create new side channels and increase the habitat area overall increase. Increasing
riparian buffer would improve outcomes of habitat quality compared to the no-action plan,
because this scenario would help control bank stabilization and erosion. Comparisons can also be
made between scenarios where for example, a decrease in precipitation (Figure 24) generally
shows fewer benefits in ecological outcomes of the different management alternatives than an
increase in precipitation (Figure 2C).
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Overall, this scenario analysis allowed stakeholders and decision makers to acquire more
information on their system of interest and evaluate the effects that potential management actions
and the hydrological scenarios would have on anadromous fish habitat. Management actions that
were closer to their project goals and objectives were separated from those that did not meet their
goals. A quantitative ecological model was then used for further scenario analysis to provide
more information on the recommended actions.
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Figure 2. Semiqualitative example of a scenario analysis for a restoration project for a
northwestern United States watershed anadromous fish habitat.

Quantitative and example freshwater mussel habitat model. A quantitative scenario analysis
approach can be conducted through computational ecological modeling tools. During the
USACE planning process, an ecological model is required to assist in recommending a proposed
ecosystem restoration plan. The following steps were considered when creating this model:

10
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Decision (Step 1)—Develop a general standard freshwater mussel model that can be used in
different areas and for different projects to decrease the cost and labor associated with
building a new model for each new project USACE needs when dealing with mussel habitats.
Assessment (Step 2)—A stakeholder workshop that included US Army Engineer Research
and Development Center (ERDC) and USACE mussel experts was held to discuss and
develop a general model flexible enough for countrywide application; sensitive enough to
distinguish between proposed freshwater mussel restoration actions or measures; containing
parameters that reflect system-level functions, structures, or processes that provide suitable
habitat for freshwater mussels; and applicable in an efficient manner.

Question (Step 3)—How will different USACE ecosystem restoration activities affect not

only the mussel species but also other sensitive species in the region?

Alternatives (Step 4—The alternatives were assessed by how the habitat suitability index

(HSI) increases or decreases with changes in the individual variable HSI ratings.

Scenarios (Step 5)—Scenarios were decided on during the workshop and included different

environmental parameters. This step includes the substeps below:

o Narratives about the system—This system is an important aquatic habitat for fish and
some species of federally endangered freshwater mussels.

o System components—The main components of interest in this system were aquatic cover,
substrate, temperature for both adult mussels and juvenile mussels, flow regime,
connectivity, and fish species richness (number of fish species in the area).

o System dynamics—Each component was considered an important dynamic in the system
because each component contributed to suitable or unsuitable habitats for both fish and
mussel species.

o Futures in scenarios—Potential scenarios included increasing the different components
to create a more suitable habitat for mussel species.

o Future scenarios with management actions—Scenarios were linked to achieving
obtainable habitat suitability by measures such as increasing connectivity between
waterbodies (for example, removing dams upstream), adding suitable substrate,
increasing the number of fish species to act as hosts, and increasing aquatic cover (that is,
increasing the shade over the water or adding stumps to the streambed to act as fish and
mussel gathering areas).

o Built a qualitative or semiqualitative model—A quantitative model was developed as a
result of the workshop that could test multiple different scenarios and cast predictions for
the lifetime of the project (50 years).

Potential outcomes (Step 6)—Potential outcomes were derived from communication among

the workshop participants as ranges in HSI that would be considered acceptable for a

proposed ecosystem restoration

Evaluation—Evaluation is to be completed after the model has been completed and the total

HSI has been evaluated.

11
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The freshwater mussel model (Figure 3) was conceptualized during a workshop between
members of ERDC and USACE mussel experts to be general enough to be applied for a wide
variety of projects located throughout the range of freshwater mussels, including lentic and lotic
systems. The parameters chosen during the workshop (connectivity, diversity, structure, water,
and function, Figure 3) are critically important for freshwater mussel species and would be
influenced by the implementation of proposed restoration plans.

Connectivity
. Barriers to Host
Fish

N

Freshwater

\Mussels
Water / Structure

*  Adult Temp *  Aguatic Cover
¢« Juvenile Temp . Substrate
——— e Es———

Figure 3. Freshwater mussel conceptual model showing parameters chosen
for the implementation of the numerical freshwater mussel model.

Each parameter has its own set of equations to determine the individual HSI. As the ecosystem
becomes more suitable for mussel populations, the overall HSI will get closer and closer to 1.
The Meramac River in Missouri was used as a case study to run scenario analysis. The baseline
input for parameters was determined to be the conditions that currently exist in the area, year 0 of
analysis. The two scenarios that were tested were a future without project (FWOP) and future
with project (FWP). Scenarios were evaluated over a 50-year project horizon. Figures 4 and 5 are
line graphs showing changes in HSI values (y-axis) over time (x-axis) for FWOP (Figure 4) and
FWP (Figure 5) scenarios. The FWOP (Figure 4) consisted of doing no restoration to the area
and allowing the environment to continue degrading and potentially resulting in complete loss of
suitable habitat for mussels. The FWP (Figure 5) consisted of improving the habitat conditions
by adding stumps in the streambed, removing dams to increase connectivity, and creating a more
suitable substrate. Data for the baseline and future conditions for each model parameter were
estimated by stakeholders during model workshops. Once parameterized, the model was run, and
an overall HSI was calculated per time steps 0, 1, 5, 10, 25, and 50 years over the period of
analysis. The FWP (Figure 5) has higher habitat suitability than the FWOP (Figure 4). The FWP

12
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(Figure 4) option projects a gain in environmental benefits (for example, habitat suitability) and
potentially an increase in ecosystem services such as biodiversity.

Future without Project
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Figure 4. Future without project (FWOP) scenario for proposed
ecosystem restoration for freshwater mussel habitat.
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Figure 5. Future with project (FWP) scenario for proposed ecosystem
restoration of the Meramac River for freshwater mussel habitat.

CONCLUSION: Scenario analyses compare potential project outcomes and aid the determination
of future strategies and actions for different projects. Scenarios are potential changes in a system
under a set of different anthropogenic (for example, restoration or conservation alternatives,
urbanization) or natural alterations (for example, meteorological, geological, biological). A
scenario analysis can provide an integrated and timely understanding of emergent conditions and
help to avoid regret and belated action (Hamilton et al. 2013).

13
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Scenario analyses can be conducted quantitatively, semiquantitatively, or qualitatively, but all
must follow seven general steps. First, a focal (1) problem must be identified. All components in
the system affected by the problem must then be (2) assessed and a guiding (3) question on the
scenarios and alternatives evaluated must be formulated. Next, (4) alternatives on potential
measures that can be taken to target the problem must be identified. Different (5) scenarios must
then be constructed to represent changes in a system, and the possible (6) outcomes of these
changes would look like must be identified. Finally, the potential scenario and alternative
outcomes must be (7) evaluated to determine how they would affect the initial problem. It is
important when doing these analyses to make sure the main problem to be tackled is what is
being examined in different scenarios. Agreeing on the number of scenarios being tested, either
agreed on by the customer or all stakeholders, in advance will give the best results. Following
these seven steps will result in the best possible scenarios being chosen as a final decision in the
overall project objective.

Scenario analysis allows us to make better sense of the system and make more informed
decisions, but it has some challenges. The nature of our work in forecasting and making
decisions using incomplete information will always include uncertainty. Our goal is to best
understand that uncertainty and decide whether it alters the decisions we make (at least in
feasibility). There is also a tendency to view scenarios as having equal probability, yet models
with the appropriate data can show some scenarios have higher probabilities than others.
Variable levels of uncertainty means scenarios with a spatial dimension require additional
assumptions. Being transparent in communicating assumptions when building scenarios is
imperative to others understanding and evaluating outcomes.

Many fields use scenario analysis to determine the best outcome for a certain problem. In this
technical note, we briefly discussed the utility of scenario analysis in evaluating ecosystem
services and socioecological systems; global scenarios under the effects of climate change; and
different natural resources, land use, and biodiversity changes. We also demonstrated how
scenario analysis can be used by USACE projects when evaluating ecological outcomes either
semiqualitatively (that is, anadromous fish conceptual diagrams) or quantitatively (that is, using
the HSI model for freshwater mussels) to plan future projects, evaluate alternatives and
communicate with multiple stakeholders involved in the project life cycle.

ACKNOWLEDGMENTS: This study was conducted with support from the Ecosystem
Management and Restoration Research Program (EMRRP). The technical note was reviewed by
Mr. Nate Richards and Dr. Kyle McKay. For information on EMRRP, please consult
https://emrrp.el.erdc.dren.mil/ or contact the Program Manager, Dr. Brook D. Herman,
brook.d.herman@usace.army.mil, or the author as listed below:

Darixa D. Hernandez-Abrams, Research Ecologist, US Army Engineer Research and Development Center
(ERDC), Environmental Laboratory (EL), Vicksburg, MS, (601) 634-7554, darixa.d.hernandez-
abrams@usace.army.mil

14


mailto:darixa.d.hernandez-abrams@usace.army.mil
mailto:darixa.d.hernandez-abrams@usace.army.mil

ERDC/TN EMRRP-ER-23
July 2020

BIBLIOGRAPHY

Alcamo, Joseph. 2008. “The SAS Approach: Combining Qualitative and Quantitative Knowledge in Environmental
Scenarios.” In Environmental Futures: The Practice of Environmental Scenario Analysis, edited by Joseph
Alcamo, 123-50. Volume 2. Amsterdam, The Netherlands: Elsevier. https://doi.org/10.1016/S1574
-101X(08)00406-7.

Alcamo, Joseph, and Thomas Henrichs. 2008. “Towards Guidelines for Environmental Scenario Analysis.” In
Environmental Futures: The Practice of Environmental Scenario Analysis, edited by Joseph Alcamo, 13-35.
Volume 2. Amsterdam, The Netherlands: Elsevier. https://doi.org/10.1016/S1574-101X(08)00402-X.

Ascough, James C., II, Holger R. Maier, Jakin K. Ravalicob, and Mark W. Strudley. 2008. “Future Research
Challenges for Incorporation of Uncertainty in Environmental and Ecological Decision-Making.” Ecological
Modelling 219, no. 3—4 (December): 383-99. https://doi.org/10.1016/j.ecolmodel.2008.07.015.

Bennett, Elena M., Stephen R. Carpenter, Garry D. Peterson, Greame S. Cumming, Monica Zurek, and Prabhu
Pingali. 2003. “Why Global Scenarios Need Ecology.” Frontiers in Ecology and the Environment 1, no. 6
(August): 322-29. https://doi.org/10.1890/1540-9295(2003)001[0322:WGSNE]2.0.CO:2.

Bohensky, Erin L., Belinda Reyers, and Albert S. van Jaarsveld. 2006. “Future Ecosystem Services in a Southern
African River Basin: A Scenario Planning Approach to Uncertainty.” Conservation Biology 20, no. 4 (August):
1051-61. https://doi.org/10.1111/§.1523-1739.2006.00475 .x.

Diaz-Nieto, Jacqueline, and Robert L. Wilby. 2005. “A Comparison of Statistical Downscaling and Climate Change
Factor Methods: Impacts on Low Flows in the River Thames, United Kingdom.” Climate Change 69, no. 2-3
(April): 245-68. https://doi.org/10.1007/s10584-005-1157-6.

Ford, Andrew. 1999. Modeling the Environment: An Introduction to System Dynamics Models of Environmental
Systems. Washington, DC: Island Press. https://www.emerald.com/insight/content/doi/10.1108/ijshe.2000
.24901aae.002/full/html.

Gérdmark, Anna, Martin Lindegren, Stefan Neuenfeldt, Thorsten Blenckner, Outi Heikinheimo, Birbel Miiller-
Karulis, Susa Niiranen et al. 2013. “Biological Ensemble Modeling to Evaluate Potential Futures of Living
Marine Resources.” Ecological Applications 23, no. 4 (June): 742—54. https://doi.org/10.1890/12-0267.1.

Grant, William E., and Todd M. Swannack. 2008. Ecological Modeling: A Common-Sense Approach to Theory and
Practice. Malden, MA: Blackwell. https://erdclibrary.on.worldcat.org/oclc/137325186.

Hamilton, Michelle C., Shital A. Thekdi, Elisabeth M. Jenicek, Russell S. Harmon, Michael E. Goodsite, Michael C.
Case, Christopher W. Karvetski, and James H. Lambert. 2013. “Case Studies of Scenario Analysis for Adaptive
Management of Natural Resource and Infrastructure Systems.” Environment Systems and Decision 33 (March):
89-103. https://doi.org/10.1007/s10669-012-9424-3.

Martinez-Harms, Maria Jose, Brett A. Bryan, Patricia Balvanera, Elizabeth A. Law, Jonathan R. Rhodes, Hugh P.
Possingham, and Kerrie A. Wilson. 2015. “Making Decisions for Managing Ecosystem Services.” Biological
Conservation 184 (April): 229-38. https://doi.org/10.1016/1.biocon.2015.01.024.

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-Being: Synthesis. Washington, DC: Island
Press. https://www.millenniumassessment.org/documents/document.356.aspx.pdf.

Naki¢enovi¢, Nebojsa, Joseph Alcamo, Gerald Davis, Bert de Vries, Joergen Fenhann, Stuart Gaffin, Kenneth
Gregory et al. 2000. Emissions Scenarios. Special Report of Working Group 111, Intergovernmental Panel on
Climate Change. Cambridge, UK: Cambridge University Press. https://www.ipcc.ch/site/assets/uploads/2018/03
/emissions_scenarios-1.pdf.

Nakiéenovi¢, Nebojsa, Jacqueline McGlade, Shiming Ma, Joe Alcamo, Elena Bennett, Wolfgang Cramer, John
Robinson, Ferenc L. Toth, and Monica Zurek. 2005. “Lessons Learned for Scenario Analysis.” In Ecosystems
and Human Well-Being: Scenarios, edited by Rusong Wang, Antonio La Vifla, and Mohan Munasinghe, 449—
67. Washington, DC: Island Press. https://www.millenniumassessment.org/documents/document.337.aspx.pdf.

15


https://doi.org/10.1016/S1574-101X(08)00406-7
https://doi.org/10.1016/S1574-101X(08)00406-7
https://doi.org/10.1016/S1574-101X(08)00402-X
https://doi.org/10.1016/j.ecolmodel.2008.07.015
https://doi.org/10.1890/1540-9295(2003)001%5b0322:WGSNE%5d2.0.CO;2
https://doi.org/10.1111/j.1523-1739.2006.00475.x
https://doi.org/10.1007/s10584-005-1157-6
https://www.emerald.com/insight/content/doi/10.1108/ijshe.2000.24901aae.002/full/html
https://www.emerald.com/insight/content/doi/10.1108/ijshe.2000.24901aae.002/full/html
https://doi.org/10.1890/12-0267.1
https://erdclibrary.on.worldcat.org/oclc/137325186
https://doi.org/10.1007/s10669-012-9424-3
https://doi.org/10.1016/j.biocon.2015.01.024
https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/emissions_scenarios-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/emissions_scenarios-1.pdf
https://www.millenniumassessment.org/documents/document.337.aspx.pdf

ERDC/TN EMRRP-ER-23
July 2022

Peterson, Garry D., Graeme S. Cumming, and Stephen R. Carpenter. 2003. “Scenario Planning: A Tool for
Conservation in an Uncertain World.” Conservation Biology 17, no. 2 (April): 358-66. https://doi.org/10.1046
/1.1523-1739.2003.01491 .x.

Sala, Osvaldo E., F. Stuart Chapin III, Juan J. Armesto, Eric Berlow, Janine Bloomfield, Rodolfo Dirzo, Elisabeth
Huser-Sanwald et al. 2000. “Global Biodiversity Scenarios for the Year 2100.” Science 287, no. 5459 (March):
1770-74. https://doi.org/10.1126/science.287.5459.1770.

Schultz, Martin T., Kenneth N. Mitchell, Brian K. Harper, and Todd S. Bridges. 2010. Decision-Making under
Uncertainty. ERDC TR-10-12. Vicksburg, MS: US Army Engineer Research and Development Center. https://
hdl.handle.net/11681/8570.

Schultz, Martin T., Susan E. Durden, Paul B. Sayers, Ben P. Gouldby, Jonathan D. Simm, William R. Curtis, and
Jack E. Davis. 2011. Planning Regional Flood and Coastal Erosion Foresight Studies. ERDC Technical Notes
Collection. ERDC/CHL CHETN-II-53. Vicksburg, MS: US Army Engineer Research and Development Center.
https://hdl.handle.net/11681/1904.

Swannack, Todd M., J. Craig Fischenich, and David J. Tazik. 2012. Ecological Modeling Guide for Ecosystem
Restoration and Management. ERDC/EL TR-12-18. Vicksburg, MS: US Army Engineer Research and
Development Center. https://hdl.handle.net/11681/7222.

USACE (US Army Corps of Engineers). 2011. Sea-Level Change Considerations for Civil Works Programs. EC
1165-2-212. https://usace.contentdm.oclc.org/digital/collection/p16021coll9/id/88/.

Vaz, E. de Noronha, Peter Nijkamp, Marco Painho, and Mério Caetano. 2012. “A Multi-Scenario Forecast of Urban
Change: A Study on Urban Growth in the Algarve.” Landscape and Urban Planning 104, no. 2 (February):
201-11. https://doi.org/10.1016/j.landurbplan.2011.10.007.

Yoe, Charles, and Brian Harper. 2017. Planning Manual Part II: Risk-Informed Planning. 2017-R-03. Alexandria,
VA: Institute for Water Resources. https://planning.erdc.dren.mil/toolbox/library/Guidance
/PlanningManualPartll TWR2017R03.pdf.

Yuan, Xueliang, Mofan Zhang, Qingsong Wang, Yutao Wang, and Jian Zuo. 2017. “Evolution Analysis of
Environmental Standards: Effectiveness on Air Pollutant Emissions Reduction.” Journal of Cleaner Production
149 (April): 511-20. https://doi.org/10.1016/].jclepro.2017.02.127.

NOTE: The contents of this technical note are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of
such products.

16


https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1126/science.287.5459.1770
https://hdl.handle.net/11681/8570
https://hdl.handle.net/11681/8570
https://hdl.handle.net/11681/1904
https://hdl.handle.net/11681/7222
https://usace.contentdm.oclc.org/digital/collection/p16021coll9/id/88/
https://doi.org/10.1016/j.landurbplan.2011.10.007
https://planning.erdc.dren.mil/toolbox/library/Guidance/PlanningManualPartII_IWR2017R03.pdf
https://planning.erdc.dren.mil/toolbox/library/Guidance/PlanningManualPartII_IWR2017R03.pdf
https://doi.org/10.1016/j.jclepro.2017.02.127

	OVERVIEW:
	INTRODUCTION TO SCENARIO ANALYSIS:
	MECHANICS OF SCENCARIO ANALYSIS FOR ECOLOGICAL MODELING:
	LIMITATIONS OF SCENARIO ANALYSIS:
	EXAMPLES OF SCENARIO ANALYSES IN ECOLOGICAL MODELING:
	Socioecological systems.
	Climate change.
	Biodiversity conservation.

	APPLICATIONS OF SCENARIO ANALYSES FOR HYPOTHETICAL US ARMY CORPS OF ENGINEERS (USACE) PROJECTS:
	Semiquantitative example: Anadromous fish.
	Quantitative and example freshwater mussel habitat model.

	CONCLUSION:
	ACKNOWLEDGMENTS:
	Bibliography


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



