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ABSTRACT

Current and future climate-related impacts such as catastrophic and repetitive flooding, intense
heat and drought, and sea level rise necessitate a new approach to developing and managing
infrastructure. Traditional “hard” or “grey” engineering solutions are proving both expensive and
inflexible in the face of a rapidly changing coastal environment. Hybrid solutions that
incorporate natural, nature-based, structural, and non-structural features may better achieve a
broad set of goals such as ecological enhancement, long-term adaptation, and social benefits.
However, broad adoption of these approaches has been slow, in part due to a lack of a relatively
quick but holistic evaluation framework which places environmental and societal goals on equal
footing with hazard reduction. To respond to this need, the Adaptive Gradients Framework was
developed as a qualitative, flexible, and collaborative process to evaluate and potentially select
more diverse, typically greener and more equitable, kinds of infrastructural responses. The
Framework enables rapid expert review of project designs based on eight metrics called
“gradients”; gradients include exposure reduction, cost efficiency, institutional capacity,
ecological enhancement, adaptation over time, greenhouse gas reduction, participatory process,
and equitable outcomes. These are customizable to the goals of the project and the agency. This
technical guide presents the framework and examples of its application, along with resources to
enable wider application of the framework by practitioners and theorists.
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1. INTRODUCTION

Our climate is changing. Storms are increasing in strength and numbers; sea levels are rising, and
in most parts of the world, days of extreme heat are increasing. It is time for communities to
better manage their futures. While we cannot control the weather, municipalities and community
groups can build infrastructure to be more resilient. A community or project that is resilient can
adapt to environmental, social and economic change. Infrastructure and other resiliency
measures can also support current and desirable goals, like improving ecology, equity and
participation, and reducing greenhouse gases. The best projects achieve multiple goals, based on
the input of community members to prioritize outcomes and processes.

To address the need for a flexible, shared
framework for supporting resilient
infrastructure decisions, a network of
North American and Caribbean
researchers, the Sustainable Adaptive
Gradients in the coastal Environment
(SAGE) network, developed the Adaptive
Gradients Framework as a means of
improving the visibility and facilitating
the discussion of multiple goals for
resiliency projects, including social,
ecological, and technical aspects. While
the original focus of the Gradients
Framework was on coastal settings, it can
also be applied to non-coastal climate
adaptation projects.

This technical report is designed to help agencies and communities understand how proposed
projects and infrastructure should be evaluated. One goal of this report is to encourage
communities to consider greener infrastructure choices by illuminating the range of values that
projects serve. Every location, group of people, and town has its own set of characteristics that
will need to be taken into account as the evaluation process is followed. The process requires
cooperation, creativity, time and work, but the end will result in the information needed to make
the best decisions for a project, community and the environment.

2. BACKGROUND THEORY

The SAGE Gradients Framework was developed in response to recent coastal disasters which
highlighted the importance of creating more resilient coastal areas. Climate change is
exacerbating the impact of these events, along with the increased concentration of people and
assets in coastal urban areas. While some impacted areas will be abandoned through retreat,
others will be rebuilt, and new lands will continue to be urbanized, bringing opportunities to
reenvision infrastructure designs.




The stakes are high—one study found that protecting seaports across the globe from climate
change will require about 49 million metric tons of concrete alone [1], if traditional construction
methods are used; globally, 271 million people are at risk from coastal flooding, and that number
will rise to 345 million by 2050 [2]. The risks for small island developing states are particularly
high [3,4], as 2017 hurricanes Irma and Maria in the Caribbean have shown.

All of these threats and concerns due to climate change are leading communities to reconsider
approaches for environmental protection. More socially and ecologically beneficial resiliency
actions are necessary given the continuing impacts of climate change and the interdependence of
ecosystems and social-ecological resilience [5].

2.1 Gray green and hybrid infrastructure in coastal communities

Recent years have seen significant advances in developing a wider range of options for coastal
restoration and protection [6], and projects now include approaches that go beyond traditional
infrastructure. The range of choices includes natural, nature-based, and non-structural measures
such as living shorelines [7], revised building codes, zoning, and community disaster
preparedness [8].

Here, we define hybrid designs as those that include non-structural interventions such as zoning
changes and local capacity building alongside green and grey approaches [8,19,20]. Current
research suggests that hybrid projects may provide the greatest potential for improving resilience
to climate impacts [9—12], with different components working together to create mutually
supportive conditions.

When compared to traditional methods, this broader
portfolio of coastal adaptation options can achieve
social and environmental objectives alongside
exposure reduction, and may achieve change across
multiple criterion [13,14], as recommended in the
Intergovernmental Panel on Climate Change (IPCC)
Fifth Assessment Report [15]. Despite the strong
research into theory and design innovations in
coastal adaptation, adoption of hybrid projects has
been slow, albeit increasing [16].

One of the challenges of hybrid approaches is that they require holistic consideration of
biophysical, engineering, economic, legal and sociocultural components. These projects bridge
across discipline-specific practices and terminology, posing logistical and methodological
challenges for policy-makers and designers [17]. An interdisciplinary approach that utilizes a
diversity of expertise, experience, and perspectives across multiple stakeholders from the
practitioner, academic, and public domains would assist in overcoming this barrier.

Figure 2.1 synthesizes language used across several disciplines around types of coastal resilience
measures, particularly engineering, policy, and landscape architecture, to ensure interdisciplinary
accuracy in conversation. [8,19,20].




Ecosystem-services based approaches which
may be preserving long-standing natural
processes or creating/recreating such
systems through human intervention

EXAMPLES: Dunes and Beaches, Vegetated
Features, Oyster and Coral Reefs, Barrier
Islands, and Constructed wetlands and
floodable parks

STRUCTURAL (or “Grey”)

Designed to decrease shoreline erosion or
reduce coastal risks associated with wave
damage and flooding

EXAMPLES: Levees, Storm Surge Barriers,
Seawalls and Revetments, Groins, and
Detached Breakwaters

NONSTRUCTURAL
Modifications in public policy, management

practices, regulatory policy, and pricing
policy to achieve resilience goals.

EXAMPLES: Floodplain Policy and
Management, Increasing coastal building
setbacks, Inter-agency recovery planning,
Community organization for disaster safety,
and Flood insurance rate management

INTEGRATED (or "Hybrid”
Draws from the full array of coastal risk
reduction measures, considers the engineering
attributes of the component features and the
dependencies and interactions among these
features over both the short and long term witha
focus on effectiveness.

EXAMPLES: Combinations of Examples Listed
Above

TRANSFORMATIVE

Recognized through its aspirations for
broader social and ecological

change. Portfolio projects that integrate
effectiveness goals along with local benefits,
ecological improvement, and a just and
transparent process.

EXAMPLES: Coastal defenses providing

locally desired play space - Renters
insurance subsidies along with integrated
infrastructure - Hybrid design of dune
nourishment, boardwalk development,
removal of at-risk structures, local fisheries
protection and shoreline access developed
through participatory process,

Figure 2.1: Defining infrastructure intervention types
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2.2 Current frameworks and challenges

The IPCC frameworks on risk provide a baseline language for resilience planning [22]. The
IPCC finds that disaster risk is based on physical conditions amplified by anthropogenic
contributions to climate change, using socially framed impact parameters. More precisely, risk
from climate change is defined as a function of hazards, exposure and vulnerability.

Hazard is the climate-related physical event, including storms, droughts, landslides, increased
disease vectors, etc., with climate change as an exacerbating factor. Vulnerability is defined as
the level of susceptibility to harm, while exposure is the people, assets, and ecosystems that may
be affected by a hazard event.

Applying these definitions to both coastal and non-coastal settings, the climate event, for
example a hurricane or fire event, yields this basic form of analysis. The analysis then
characterizes the seriousness of the hurricane or fire event (the hazard); how many people, which
ecosystems, and what value or social importance of buildings and other assets will likely be
affected (the exposure); and how well the systems and people will be likely to recover (the
vulnerability). At the local level, projects may reduce hazard through such actions as reducing
wave height and energy (coastal setting); or prescribed burning (fire event setting). They may
also ameliorate exposure by moving or protecting the people, species, and ecological, social, and
economic resources in at-risk areas. This reduces vulnerability [23]. Other definitions of risk
take a more probabilistic approach, with risk being defined as the probability of an event (the
hazard) times the consequences (the vulnerability [24, 25].

Structural/grey infrastructure interventions, as the de facto baseline for many projects, are often
well suited to addressing exposure. These traditional grey approaches may, however, also
encourage maladaptation, in which projects intended to improve resilience also increase
greenhouse gas emissions, burden the most vulnerable, or create other social issues while
pursuing the stated mission (26). Particular organizational norms may strongly orient to
structural interventions, such as the use of benefit-cost analysis for Environmental Impact
Statement (EIS) by the U.S. Environmental Protection Agency (EPA) and/or structured decision-
making practices used by the U.S. Geological Survey for environmental management [27,28] or
the US Army Corps of Engineers. Even when agencies seek to expand beyond these traditional
measures (see, e.g., [16]), they may be challenged by the complexity of social and environmental
dimensions of resilience such as the technical challenge of an uncertain climate future [29], and
difficulty in effectively addressing aspects of justice and public participation in decision-making
under complexity [30]. As climate change impacts increase across the globe, well-established
prescriptive approaches for identifying initial or preferred protection solutions [31] have been
criticized for being too restrictive, often failing to encompass socioeconomic realities and
plurality in stakeholder values and objectives [32]. This leaves prescriptive, unidimensional
approaches inadequate for long-term resilience [33].




2.3. Barriers to innovative infrastructure

A range of barriers to the adoption of more innovative resilient infrastructure and adaptation
strategies have been identified including longstanding organizational norms, path dependence,
lack of information, and challenges in inter-disciplinary communication and information (36).

Path dependence

Among the barriers for uptake of infrastructure innovations is that most institutions experience
path dependence, which Mathews et al. [34] define as “situations where institutions become used
to responding to specific issues and

are consequently reluctant to

respond to new imperatives when

they manifest”. Minor incremental
change is easier than major shifts in
organizational culture. Deeply held
social norms such as a preference for
knowledge stability (comfort in knowing
what we know, rather than the challenge
of admitting what we do not know) and
predictability may work against the
kinds of innovative and novel practices
required for climate change adaptation
planning and policies [35].For green
infrastructure, path dependence tends to
lead to adding multiple goals as secondary cons1derat10ns within existing planning frameworks,
rather than undertaking more substantive change [34]. Path dependence exists at the project scale
as well. Once design alternatives are identified and significant dollars are spent on modeling
those alternatives, an organization is less likely to consider significant changes to a design. To
overcome these issues, it may be helpful to influence processes early in the development of a
project, before significant resources (financial, as well as institutional and reputational) are
invested in a particular, and likely more traditional, approach.

Challenges in information and communication

Lack of information is a critical problem, as planners and decision-makers are often asked to
implement adaptation measures without adequate information about local-scale impacts,
vulnerabilities, or the long-term consequences of an intervention [37]. This is particularly
challenging in situations which lack officially accepted projections or institutional mandates for
using projections that do exist [38,39]. The breadth of disciplinary knowledge required for
hybrid designs is another informational challenge; a decision framework that supports hybrid
designs will need to supplement typical engineering expertise with ecological, social, land use,
policy and participatory process knowledge.




2.4. Co-Benefits and holistic hazard mitigation planning

An important response to these challenges has been to complement traditional engineering
effectiveness and benefit-cost analysis with a focus on the benefits of projects that go beyond
their contributions to exposure reduction, central as that remains (see, e.g., [40]). The term co-
benefits is defined in some contexts as complementarity between mitigation and adaptation [41];
here, we use a broader definition that describes how project outcomes achieve locally desired
goals outside of primary hazard reduction, such as health benefits from particulate reduction
through urban greening, provision of locally desired public space, or [42] support of local
industry through improving ecological resilience.

A just distribution of benefits is an important theme in research and practice of climate
adaptation because less-resourced communities tend to experience greater environmental risk
[43,44]. Given the challenges and conflicting priorities facing local governments, it can be
politically and practically helpful to publicly and clearly define these anticipated co-benefits
[45].

Based on the current best practices, infrastructure planning and evaluation should incorporate
concepts of resilience and vulnerability [46—48], address climate adaptation [36,49], establish
indicator systems [50], and utilize monitoring and assessment as integral to the project [51]. A
more inclusive process may help communities make better infrastructure decisions [52]. It is also
good practice to include local knowledge of biophysical, socio-economic, and community
components of resilient infrastructure, at both local and regional scales [53]. This local
knowledge helps communities find solutions that work well for their particular needs.

2.5. Gradients — the intellectual construct
Many natural processes exist along a continuum that can be conceptualized as gradients.
Gradients describe the range of conditions in a particular system, placed along some scale (e.g.

temporal, spatial, bi-functional, etc.) that will allow comparison across cases [21]. For instance,
climate tends to vary along a longitudinal gradient from hot, moist equatorial regions to cool, dry
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polar regions and historically, biological systems are fairly well adapted to the temperatures and
weather patterns along this gradient. However, this adaptation is being challenged by climate-
induced changes, such as droughts and extreme weather events. Many regional social-economic
characteristics can be conceptualized along gradients as well, such as population density, income
inequality or population health. Using the lens of gradient continuums for natural and socio-
economic processes and characteristics may support a more nuanced and locally-sensitive
analysis and solution-generation for climate impacts, as compared to more binary approaches.

2.6. Summary

Despite a portfolio of adaptation measures to choose from, practitioners may feel left without the
resources necessary to confidently make decisions, particularly for innovative and complex
projects. A structured, generalizable facilitation tool for project assessment and the development
of resilient infrastructure could y
be used early in the decision
process in order to clearly
identify co-benefits, integrate a
range of disciplines, facilitate a
range of technical and social
objectives, and promote a
transparent process with the
potential for high levels of
stakeholder participation. The
Adaptive Gradients framework
uses the gradient construct as an
intellectual foundation by
suggesting that different aspects
of resiliency can be evaluated
along sliding scales. These observations underlie the Adaptive Gradients Framework that is
proposed in this report.

3. GRADIENT ANALYSIS

Eight components capture the various goals and requirements of a good resiliency project. We
call these ‘gradients’ to highlight that they are not binary items, but instead occur along ranges of
values. Each of the eight gradients provides an important element for evaluation of a resiliency
project or proposal. Different projects will have slightly different questions for each gradient,
based on the project and the proposed interventions.

The gradients and their relationship to infrastructure projects is summarized in Figure 3.1.
Resilient infrastructure protects communities from current and future hazards by reducing
exposure while achieving multiple goals. Emerging practices focus on hybrid projects, which
may include green (ecosystem based), grey (traditional built infrastructure), and non-structural
(zoning, building codes, governance) components. The Adaptive Gradients, shown as the inner
wheel, summarize the various dimensions of project success. Outcomes can be measured by




Figure 3.1: Adaptive gradients as dimensions of holistic project assessment

contributions to exposure reduction, institutional capacity, cost efficiency, ecological
enhancement, adaptation over time, greenhouse gas reduction, participatory process, and
equitable outcomes.

Evaluation across all these measures will encourage adoption of more complete and community-
appropriate resiliency interventions, both currently and as climate changes. Applying the
Adaptive Gradient Framework is further explained following the discussion of the individual
gradients.

3.1. The eight gradients

Exposure Reduction ~

e\

g .

e How effective is the design likely to be
in reducing risks to the humans in the
area, to the local ecology, to local
businesses?

e Does the project achieve its
technical/engineering goals?

Exposure reduction can be defined as the
ability to successfully reduce impacts to




at-risk populations or assets when a hazard occurs. Exposure reduction is often the primary goal
of infrastructure projects evaluated with existing engineering methods. The amount of exposure
reduction will also be relative to the assets (population, buildings, etc.) at risk. Project proposals
that are highly rated on this gradient are judged to be technically likely to reduce the impact of
hazards.

Some factors that are particularly important to consider for the Exposure Reduction category
include how well the project design will function under different kinds of risk events. If the
project is using built infrastructure such as jetties or seawalls, was consideration given to
whether these hardened structures would increase vulnerabilities or other problems such as
erosion to adjacent shorelines beyond the immediate project area?

Cost Efficiency

o What are the costs involved?
e How do they compare to other options?

Actions taken need to

demonstrate efficient use of funds and
resources, and return on investment, typically
measured through standard or extended benefit-
cost analysis. It is important to consider both
construction and maintenance costs in this
category. The incorporation of innovative
funding practices like climate finance and green
financial institutions may increase cost efficiency when compared to traditional loans and
financing options. A highly rated project will represent a good/low-cost use of money from
sources that suit the local situation.

If the information is available, a reasonable measure is whether the other approaches to the
problem would cost more, or less, to achieve the same goals — in other words, does the green
infrastructure solution cost less to build and maintain than the traditional grey option? Some
green infrastructure, such as living shorelines, may have lower maintenance costs than grey
infrastructure, as the reefs, dunes and marshes have the potentlal to 1mpr0ve and adapt with time.
Green infrastructure is not without maintenance
cost, however, as regular monitoring, waste
removal and replanting are often required.

Institutional Capacity

e Does the group who will plan, build and
maintain the site have experience and the
personnel to accomplish the project goals?

e How will the project be funded through the
planning, implementing and upkeep stages?




Projects that are highly rated on this gradient will be a good match to the responsible agency’s
ability to both fund and maintain the project. We define institutional capacity as the match of the
proposed project to governmental or non-governmental strengths, attributes, and resources
[59,60]. A strong match of institutional capacity to the particular challenges of the project being
evaluated will bring a high rating on this gradient. For example, a long-standing and well-
funded NGO with construction experience and community connections to do long-term
maintenance would likely achieve a high rating.

During the design and construction phase, some factors to consider in this gradient include the
experience of the design and construction team(s), their success rate with similar projects, and
the diversity of the skills sets on the team(s). Also important to consider are how well the project
team is going to work with local, regional and national level governments to facilitate the
permitting process, to ensure that project designs will be well-received and are likely to receive
regulatory approval. Partnerships with other local companies, NGOs, and academic institutions
may be able to provide help with data collection and monitoring or input on design and
implementation to facilitate a successful project. Post-construction institutional capacity matters
as well.

In some situations, an important issue is the ability of the proposed group to fund the project; for
instance, if an agency is near its bonding capacity and the project would excessively increase
debts, the institutional capacity may be rated as low.

Ecological Enhancement

e Does the project protect or regenerate a
natural area?

e Does the project create a natural area
that will enhance the local ecology?

e Does the design utilize native species
and/or support other indigenous
species?

ol
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This gradient considers how much
ecological “uplift” or improvement a project
is going to achieve. Projects should be evaluated on how effectively they support or improve the
health of local ecosystems. Analysis of this gradient is likely to vary depending on site and
regional conditions—rural areas typically offer greater opportunity for ecological preservation
due to low development density, while urban areas offer increased potential for innovative or
resource-intensive solutions that support remaining coastal habitats. Additionally, it is important
to balance the anticipated long-term ecological benefits with any negative construction impacts
to score the overall ecological enhancement of the project. Destruction of coral reefs during
construction, for instance, would be a significant reduction in scoring regardless of constructed
features. If an area has lost beach or wetland habitat and the project aims to restore as much or
more habitat than the amount lost, then this project will have an overall ecological benefit to the
area.
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Average rated projects are expected to contribute to sustaining the current ecology, while highly
rated projects are expected to improve local and regional ecologies over the long term. Project
design teams which include ecological expertise in order to ensure that ecological enhancements
occur and to be able to accurately measure these enhancements in comparison to baseline (pre-
project) conditions will likely be rated more highly.

Adaptation over Time

e Do project specifications include projections of
local climate change over the life of the project?

e Will the project, including the proposed planting
species, respond well to the changing climate?

e Are there plans and funds available for testing
how well the project is doing?

Solutions should be effective over time, as social and
particularly climatic conditions change. This can be
conceptualized as adaptation pathways [62,63], creating
windows of opportunity for matching infrastructural needs
to emerging conditions [64]. A coastal dune system may
become more effective at hazard reduction over time as
plantings grow, for example, while a seawall may become
less effective if sand is scoured from its base over the
years. One identifier for adaptation over time is whether
the design specifically considers future climate in its
specifications. Examples include requiring wider setbacks
from the shore now in expectation of future sea levels. Solutions may focus on flexibility over
time as conditions change, such accommodating flooding now and planning for retreating from
the shoreline as sea levels rise, or designing structures in which the mechanicals can be moved
up a floor as needed.

Adaptation over time does not necessarily mean getting it right the first time, but instead having
regular monitoring to identify successes and failings, and funding to implement adaptive
management as needed to assure that the project functions well despite landscape and socio-
economic changes. Plans for monitoring and assessment will support this gradient, particularly if
those plans are binding and properly funded. Consideration of projected population and land use
changes is equally important to consider in resilient designs. Thus, a project that explicitly
considers climate and socio-economic projections, builds in flexibility or technical capacity to
match expected future conditions, and/or enables flexible responses to future changes would
receive a high score for adaptation over time.
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Greenhouse Gas (GhG) Reductions

e Do the construction materials require
significant emissions to produce?

o Will the operations help minimize future
greenhouse gas emissions?

e Does the plan involve vegetation that will help
sequester carbon?

k

Projects can be evaluated on whether they

represent more or less embodied energy and/or carbon sequestration. Embodied energy is
considered to be the sum total of energy used to extract or mine raw materials, manufacture the
raw materials into a product, and transport that product to market, while carbon sequestration
means the long-term storage of carbon in plants, soils and the like. Typically, concrete has a high
embodied energy because it takes a great deal of energy to produce, while living shorelines have
low embodied energy and also provide a carbon sink.

As another example, plantings in general and coastal wetlands in particular tend to sequester
carbon, so project designs that include a substantial amount of living material will usually result
in fewer GHG emissions. Projects can also be evaluated on whether they provide long-term
energy efficiency, such as including wind turbines in a design. General principles of
sustainability that are important to the specific locale and group, such as use of local or recycled
material, can be considered here.

This gradient encourages intention in design, so that GHG-reducing strategies are more readily
adopted into adaptation practices as they scale upwards over time. Currently, few projects
include explicit GhG calculations. Including explicit discussion of GhG in the design or the
request for proposals will contribute to higher ratings on this gradient, as will a lower overall
accounting of greenhouse gases, associated with the project’s construction and operation.

Participatory Process S P

e Are all people in the community welcome and
encouraged to take part in the planning and
design of the project?

e Is the decision-making process transparent?

e Has community input changed the design of
the project?

A participatory process evaluation asks whether the process was transparent, who was included
in the decision making, and whether participants had enough power in the process so that their
perspectives made a difference in the final designs of the project [65,66]. Diverse groups should
be engaged, including those who may not as readily come to community meetings such as
minority or lower-income populations [68—70].
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Factors to include in evaluation of this gradient are whether multiple mechanisms of engagement
were used before, during, and after the project implementation, and, to the extent that it can be
determined, the level of enthusiasm of the participants and their assessment of the inclusivity of
diverse perspectives and consideration of stakeholder goals. Typically, if a project is about the
same before the participatory process as after, the process may not have been genuine and
substantial.

A high ranking on this criterion will come from having processes that included the diverse
communities affected by the project, a strong institutional history of engaging diverse publics
and directing projects toward achieving expressed stakeholder goals, and a demonstration that
the public participation and expressed stakeholder goals changed the design of the project.

Social Benefits

e Do project benefits go to less-advantaged
populations?

e Does the project create jobs, health benefits,
safety, or other locally desired outcomes?

This category addresses both distributive equity
and co-benefits. Regardless of participatory
process, the actual or anticipated outcomes of

a project can contribute to a more equitable and
fair distribution of benefits and costs and may : -

redress old harms. Conversely, projects can have unlntended negatlve distribution of
consequences, thereby continuing patterns of injustice [39,71]. Highly rated projects should
appropriately distribute benefits and costs and build a more equitable society through improving
the position of those most affected by economic and environmental injustice [72,73].

A particular concern is that climate risk is unevenly distributed, as is the ability to pay for
protection and recovery from hazard. Thus, projects that are scored highly in this gradient should
benefit community members in historically disadvantaged groups. They may provide indirect
social community benefits, such as jobs, recreation opportunities, and healthy accessible
environments for a broad population. Specific evaluation of the co-benefits of a project will help
to operationalize this issue—are there clear advantages, such as recreational access or improved
air quality, for disadvantaged populations? If the investment is likely to increase property values
and thus has the potential to bring in new development pressure, has consideration been given to
gentrification possibilities?

3.2. Gradient summary
The criteria below (Table 3.1) provide a starting point; however, SAGE Gradients can be adapted
and weighted for the relative importance of that gradient to the specific programs’ goals. Rubrics

can be collaboratively developed for each gradient to allow for consistency in scoring. For an
example of SAGE gradient rubrics, see Appendix 7.2.
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Table 3.1: Summary of the 8 gradients

GRADIENT GRADIENT DEFINITION

Exposure The technical or engineering components of the project that reduce the

Reduction consequences of hazardous event on human, ecological, social and economic
resources.

Cost Efficiency | Positive benefit-cost outcomes. Least-cost or low-cost solutions.

Institutional Project development and long-term management/maintenance requirements suit

Capacity the organizational capacity of the responsible parties. Funding methods appear
suitable for the host agency.

Ecological Project preserves and supports the long-standing ecology of the area or

Enhancement | creates/mimics/replaces native ecological systems.

Adaptation Expected ability to respond to a changing climate as well as other social,

over Time economic and ecological variation over time, either as a function of design or
through anticipated monitoring and assessment.

Greenhouse Project will minimize current or future greenhouse gases, including low embodied

Gas Reduction

energy, long-term efficiencies, or carbon sequestration. General sustainability of
materials used.

Participatory | Community involvement and public transparency in planning, design, and
Process implementation of the project; whether participation changed project plans.
Social Benefits | Project achieves justice goals, often measured by benefit to disadvantaged
communities. Project provides co-benefits to local communities such as jobs,
public health, or other locally desired outcomes.
4. METHOD

The philosophy behind the scoring process is that knowledge is built collaboratively and through
shared development of understanding. Scoring is done by the whole team on all gradient
categories to enable discussion about differences in evaluation. The application of the gradients
will vary based on the professional background and values of individual panel member
responding to the individual site, which is why a team approach is necessary. It may be helpful to
have individuals do their own scoring first, and then to discuss those ratings collaboratively to
come to a consensus evaluation. Confidence in analyses is increased with multiple iterations of
scoring and discussion, helping to create a consistent scale interpretation across disciplines and
individuals. Evaluations are descriptive, qualitative, and highly contextual, which is why we
believe that non-numeric ranking is best (e.g., ‘low’ to ‘high’). A low score in some categories
may be acceptable in certain cases, depending on project goals and stakeholder mission. Please
refer to the underlying research article by Hamin et al (2018) for more on the methodology.
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4.1. Implementation of the Adaptive Gradients Framework

Based on our pilot tests of the framework, we envision that an agency or city using the Adaptive
Gradients process for a proposed site will proceed as follows:

1.

Form an Evaluation Team to begin evaluating a proposed or built project. Evaluation teams
will include experts from a range of disciplines, such as a coastal ecologist or a landscape
architect, but they should also include representatives of the affected communities. If the
project involves a Native American historical site, for instance, be sure to include a tribal
representative. If they impact a neighborhood, be sure to include a representative or two from
the neighborhood association.

2. Team collects relevant information such as a project proposal and basic background

information on the site and community. If an Environmental Impact Statement or similar
reports have been done, these will be useful. The basic information is organized along the
gradients and is made accessible to all team members. Once all of the information is
collected, the group should meet and look through the files. The information will always be
imperfect, and the team should decide together what is good enough for the project goal.
Optional: Develop a scoring rubric: Teams can use the definitions provided above, or can
customize the decision criteria to suit their specific situation. Either way, the team should
define how they will define success for the eight gradients. Examples of Gradient rubrics can
be seen in Appendix 7.2.

Pre-scoring 1s conducted by each member of the panel based on case study materials
(see Table 4.1: Sample scoring sheet). The rating system is intentionally kept simple and
qualitative: 1= low; 2= medium; 3= high;.5 = if something in between.

Table 4.1: Sample scoring sheet

Team Team Team Average
& Gradients Member 1 | Member2 | Member... Score Comments

Exposure Reduction

Cost Efficiency

Institutional Capacity

Ecological Enhancement

Adaptation over Time

GhG Reduction

Participatory Process

Social Benefits
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It may seem surprising to have the first round of scoring done before the site visit, but our
experience suggests that this allows the team members to be fully cognizant of the overall
proposal and to identify their own questions that need to be answered at the time of the site visit

Note that sometimes it can be helpful to reverse the order above for rubrics and pre-scoring and
have individuals do their own scoring first, and then discuss what each person weighed in
evaluating each gradient. The group might then decide to specify a shared rubric, or they could
decide to each keep their own individual definitions while doing combined scoring. In this way
a more grounded scoring process that reflects the particular situation may result.

4.

Site visit will include a discussion of site conditions, meetings with stakeholders, a review of
the proposal with knowledgeable sponsors, and discussion amongst team members to share
perspectives.

Meetings with stakeholders may be possible to do remotely, or to identify the interests of
stakeholders through records of public hearing if there is a good existing record and time is
tight.

Panelists discuss their preliminary scoring of the project to highlight differing perspectives;
individuals may choose to change their own scoring based on the discussion. While team
members can change their individual scores as the result of team discussion, consensus is not
the goal — it is appropriate that different people score items differently. Any needed further
information is gathered

Re-ranking of the case study by individual panel members based on new information and
collaborative discussion of results. A final score or score range for each gradient is agreed
upon by the group. Where consensus on a score is not reached, the range of scores that
individual panel members endorse is
included in the final report. The group
can score different scenarios of a
proposed project to see how the project’s
resiliency changes depending on
planning and design.

Finally, results are placed into the
‘spider diagram’ (Figure 4.1), a simple
visual summary which helps inform
policymakers regarding different policy
goals achieved by different proposals.
The wider the web, the higher the
resiliency of the project. Using the
spider diagram, people can see the
strengths and weaknesses of the project.

Figure 4.1 Spider Diagram by Yaser Abunnasr
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9. Use the spider diagram and a brief write-up of the research and conversation that went into
scoring to educate the decision makers and the community involved. It can be helpful to
write up a one-page summary to share with decision-makers, including your spider diagram
summary of various proposals.

An optional step is for the evaluating team to make recommendations for improving the project
based on the analysis done in the steps above.

4.2. Portfolio approach

Smaller projects may have difficulty maximizing all the SAGE Gradients. Instead, it may be
helpful for an agency to review their overall portfolio of projects compared to the Gradient goals.
With a portfolio approach the goal is to maximize the portfolio of projects instead of attempting

High

to have perfect scores on each project (Figure 4.2).

Figure 4.2: Portfolio Approach

An example of a portfolio approach might include:

e Develop rubrics for each SAGE Gradient to allow for consistency in scoring.

e Weigh each of the SAGE Gradients for the relative importance of that gradient to the specific
programs’ goals.

e Develop a case study for each project under consideration or implemented.
e Score each case study using rubrics and apply weights to develop aggregate score.

e Aggregate different combinations of case studies to determine which combination maximizes
SAGE gradients or

e Assess for each case study and the portfolio opportunities to increase the SAGE gradient score.

e There may be projects with inherent characteristics that will not allow a particular gradient to be
increased.
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5. DISCUSSION

The Adaptive Gradients Framework outlines the process an expert review panel can use for a
fairly rapid and holistic assessment of general project designs. Because it is content specific, it is
designed for use on one site at a time, with a host who provides information and can use the
results, rather than as a cross-case comparison tool. It will be especially useful in comparing
proposed design packages early in the determination of a project. Using a portfolio approach
with associated projects provides opportunities to maximize scores of the portfolio of projects
collectively.

Analysis using the Adaptive Gradients
Framework could also occur in different phases
of a project’s life, for assessment at intervals
along the planning and post-construction timeline
for a particular project. Time up front is required
for working with the host together information
and discuss evaluation goals and then for the
panel leader to develop a case study following
the protocol identified above. At the site, two or
three days would likely suffice.

A typical timetable for using the Adaptive
Gradients Framework could include a 2-3-day
workshop. Prior to the workshop, the expert team scores the gradients using the documentation
they received before the workshop. Each of the workshop days have a combination of open and
closed sessions. Open sessions refer to the times when the team meets with stakeholders who
provide information about the site, either through field trips, presentations, or opportunities for
questions and answer. During closed sessions, the team conducts an iterative process of scoring.
The Hurst Creek, Maryland and the Buena Vista Santurce, Puerto Rico case studies in the
Appendix demonstrate the application of the Adaptive Gradients Framework; see also the SAGE
website at www.resilient-infrastructure.org.

5.1. Limitations

The Adaptive Gradients Framework is designed as a discussion tool, providing a holistic
approach to project and proposal evaluation. It does not take the place of a full Environmental
Impact Statement, and engineering reviews will still be necessary; in fact, these studies will
often form the basis of the information used to do the Gradients analysis.

The qualitative rankings are intended to encourage a more interdisciplinary and holistic approach
to the decision-making process. The inclusion of qualitative data and more elusive concepts like
participation and process is necessary but is challenging for scoring. The more technical

member of each team (e.g. engineers) may find qualitative scoring particularly difficult.
Similarly, scoring the effectiveness of exposure reduction, for instance, may be challenging for
social scientists on the team. For both of these cases, collaborative discussion of results led by
experts from the appropriate topic area will be beneficial.
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This points to the necessity of cross-disciplinary teams and discussion among members to create a
valid outcome. The visual of the gradients can be construed as an argument that each gradient should
be equally weighted: rather, each situation will have goals that are most important, and thus gradients
will be differentially important in different contexts. Therefore, a local implementation should
consciously discuss weighting as part of their analysis. Furthermore, project scale matters: smaller
projects may be constrained in ways that prevent high achievement across all the gradients, while
more complex and larger projects or a portfolio of smaller projects may be expected to perform better
across all gradients.

5.2. Conclusions

Current and anticipated acute and chronic climate change impacts such as catastrophic and repetitive
flooding, severe heat, and sea level rise are compelling communities to consider new approaches to
make their communities more resilient to these threats. However, to help broaden the suite of
solutions being considered by communities, and in particular to make those solution options more
holistic and inclusive, it is very important that communities consider a wider range of objectives
when discussing alternative solutions This includes considering factors such as social equity or
ecological benefits of projects which have typically not been considered when only traditional built
approaches are considered to deal with environmental protection.

The Adaptive Gradients Framework uses the explicit qualitative evaluation of eight adaptive
gradients covering the most relevant socio-economic and biophysical variables in a multi-day,
interdisciplinary process.

There are opportunities for application of the Adaptive Gradients Framework by public and private
sector entities with responsibility for choosing resilient interventions. While our original focus was
coastal projects, there is no reason that the framework needs to be limited to coastal application—
holistic solutions are needed in a range of ecological and social settings. We invite others to use the
case study template and contribute case study data, and to utilize the framework for collaborative
inquiry and decision-making; together, this will build a stronger evidence basis for understanding the
goals and mechanisms that lead to more resilient infrastructure.

The challenges of planning in the face of changing climates is extremely critical in both coastal and
non-coastal settings. The Adaptive Gradients Framework provides a unique and innovative approach
to address these hazards while at the same time strengthening social, economic, and ecological
resilience to those challenges. As described by Kelman et al (74) “those most vulnerable to one
challenge tend to be most vulnerable to other challenges, creating a condition of multiple exposure to
hazards.” The framework allows planners to help vulnerable community address a range of
challenges that are exacerbated by coastal flooding and other disaster events. Building climate
change resilience requires addressing the range of issues facing a community beyond engineering and
technical solutions, and will assist communities in creating projects with benefits now and into the
future.
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7. APPENDICES

7.1. Sample SAGE assessment workshop schedule: the Hurst Creek Project

The Hurst Creek Resiliency Project in Dorchester County, Maryland was proposed to reestablish
a stable, functioning aquatic ecosystem and increase boating access to a river. (From Kenny,
M.A., D. M. Weeks, et al. (2018) Hurst Creek, Maryland, Adaptation Gradients Framework
Expert Scoring Workshop Report of Sustainable Adaptive Gradients in the Coastal Environment
(SAGE). http://www.resilient-infrastructure.org/).

Table 7.1: Hurst Creek: Method for Assessment

Pre-Workshop

Phase 1: Pre-scoring the gradients

Workshop Day 1

Open session with Maryland DNR Chesapeake & Coastal Service and
contractor design

Phase 2: closed session here expert team discussed initial scores and
individually re-scored the gradients given the group discussion

Workshop Day 2

Site visit of Hurst Creek with MD DNR and Delmarva RC&D Council
board members.

Phase 3 closed session scoring done in small teams based on self identified
interest and expertise, discussion of gradient assessment, and rubric
development.

Open session preliminary scoring presentation to MD DNR

Workshop Day 3

Open session field trip to implemented living shoreline resilience project
sites.

Phase 4 closed session consisting of individual reflections, finalization of
rubric, individual scoring, consensus scoring discussion, and final
reflection for each gradient:

- Justification for the score
- What works well
- Recommendations
Open session presentation to MD DNR
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7.2. Maryland Department of Natural Resources Draft Gradients Score Sheet

In 2019, the Maryland Department of Natural Resources Chesapeake and Coastal Service (DNR)
will use the gradients approach for selecting restoration projects through the Department’s
Community Resilience Program. The DNR team, facilitated by Nicole Carlozo, Kevin Smith,
and Bhaskaran Subramanian, adapted the generic gradients presented in the body of this report to
reflect DNR’s community resilience goals. Melissa Kenney, of the SAGE team, worked closely
with Nicole, Kevin, and Bhaskar as they revised the components. Shown below is the draft set of
gradients that DNR will distribute to project reviewers in a guidance document. These gradients
are meant to assist reviewers with project evaluation (see Table 7.1). Reviewers will score each
gradient from 1 (low) to 5 (high) and provide an overall score out of 40 possible points for all
assigned projects. This process will not only provide standardized scores for all projects, but also
help determine if the selected projects are achieving the goals outlined for DNR’s overall project
portfolio. Following the initial launch of this gradient-focused review process, DNR plans to poll
reviewers and partners to better streamline the review process, increase usability of the gradients,
and ensure that community resilience goals are adequately represented. End-user feedback will
be incorporated into future decision making.
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Table 7.2: DRAFT Gradients Scoring Rubric: Marvland Department of Natural Resources

PROPOSAL COM

Low

Medium

High

Incomplete/Unclear context with
no connection to flooding

Complete/Clear context but
indirectly addresses

Complete/Clear context
with a direct connection

ntex . . . .
Context hazards or other climate change | flooding or other climate to flooding and other
1impacts. change impacts. climate change impacts.
Timeline requires Timeline is reasonable &
- D . .| adjustments or does not realistic with state &
Timeline | Timeline is absent or unrealistic. o ..
take permitting into local permitting
account. considered.
. Partners identified but are
Project . . . . Partners and roles are
Partners not identified. minimal or without . .
Partners clearly identified.
concrete roles.
. . Goals consistent with
Goals not consistent with .
o Outcome 3, but not feasible .
Outcome 3. Utilize natural and Goals are feasible and
. under current budget and . .
Goals nature-based infrastructure to . . consistent with Outcome
. time constraints. Changes .
enhance climate change . 3 as described.
e to project scope may be
resilience.
needed.
. . B irectl
Budget is complete with udget d ectly supports
. .o . design, permitting,
Budget is incomplete, proposes | majority of funds directly . .
.o . 4 . and/or construction with
Budget | ineligible funds, or requests high | supporting design,
overhead given project size ermitting, and/or leveraged funds
& proj ’ p & identified for other line
construction. .
1tems.
Required supportin . .
q ipporting Provides required
documentation is absent (e.g. . . .
. Provides required supporting
Photographs of existing . . .
LS supporting documentation | documentation and
. conditions; Letters of Support
Supporting . and at least 1 letter of letters of support from
for non-profit applicants; ) .
Documents support from project all project partners,

Landowner/Access agreements
for projects on private property;
Full designs for construction-
ready projects).

partners or a local
government representative.

including a local
government
representative.
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COST EFFICIENCY

Low

Medium

High

Innovative
Cost Savings

Cost-savings
innovations are not
planned (e.g. use of
on-site materials or
local dredged
material).

Cost-savings innovations
are planned (e.g. use of on-
site materials or local
dredged material).

Cost-savings innovations have
been coordinated (e.g. use of
on-site materials or local
dredged material).

High maintenance

Reasonable maintenance
costs given project size.
Maintenance is supported

Low maintenance costs, or a
fully self-sustaining system

Maintenance | costs given project . .
size given proj by the applicant. Frequency | that will bounce-back
’ is reduced because of some | following disturbance.

self-maintaining elements.

Provides no new .
Provides some co-benefits . .

Ecosystem | benefits or loss of . Provides significant co-
. . or ecosystem services
Services eco-systems services benefits or ecosystem benefits

(e.g. access, habitat,
etc.).

beyond the project goals
(e.g. ecological, economic).

beyond the project goals.

Local Match or

No local match or
leveraged funds.
Project costs are paid

Partial local match or
leveraged funds. Project
costs are paid partially by

Significant local match or
leveraged funds. Project costs
are paid solely or significantly
by those who will benefit.

Leveraged . those who will benefit. Innovative funding streams are
mainly by those who gy . .
Funds . . Beneficiaries partially used with leveraged funds
will not experience . . .
contribute through time or | from diverse sources.
the benefit. . . .
resources. Beneficiaries contribute time
and resources.
High project cost
?rr:r(;hllaiei:rsl the project Project costs may preclude | Project costs support project
Project trans ferab%e to other project replication or transferability to other
Transferability transferability to other communities (realistically

communities (not
realistically
replicated).

communities.

replicated).
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ECOLOGICAL ENHANCEMENT

Low

Medium

High

Project includes all or a
majority of gray

Project includes hybrid

Project includes a majority of

Green . . o . green infrastructure solutions
infrastructure solutions (e.g. | solutions incorporating
Infrastructur . (e.g. wetlands, dunes,
bulkheads, conventional gray and green . .
e < nearshore habitat, bioswales,
stormwater system infrastructure. .
rain gardens, etc.)
upgrades, sea walls).
Destroys habitat for project | No habitat changes
Habitat and | installation and maintenance | during installation, or Restores ecosystems,
Native with minimal mitigation. small-scale habitat including natural processes
Species Uses or preserves non-native | created or enhanced to | of native species.
or invasive species. promote flora and fauna.
Does not consider system Considers system Considers system dynamics
System dynamics. Likely to dynamics and accounts | and accounts for anticipated
Dynamics | negatively impact ecological | for anticipated change change due to climate (e.g.
systems over time. (e.g. stream meanders). | wetland migration).
Significant environmental
. o Some environmental benefits beyond those for
Environment | Limited or zero benefits (e.g. water which the project is designed
al Benefits | environmental benefits. & proJ &

quality, habitat).

(e.g. water quality, habitat,
carbon sequestration, etc.).
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ADAPTATION POTENTIAL

Low

Medium

High

Project addresses needs over

Project addresses immediate
needs and considers long-term

H:;Ii;(e)n Fr;%:gi:?ed:zseﬁs onl the expected project lifespan | changes due to climate change
Y. (e.g. 15-25 years). within the project’s useful
lifespan.
Project complements The project implements a
Project is not connected | ongoing efforts already proj P . .
. . recommendation outlined in a
Local to a state or local addressing flood and climate state or local adaptation
Planning | adaptation planning hazards, but is not connected . p
. planning effort (e.g. County
effort. to a state or local adaptation e
: Hazard Mitigation Plan).
planning effort.
Project h inflexibl . . . . .
dgg e;:lt thzi ggelsngf]b © Project design has some Project design has significant
allo ‘% for modifications flexibility given future flexibility to adapt to changing
Ease of iven future chanees changes, but other features conditions. The system will
Adaptation %e Lires continu aﬁ ' are inflexible or costly to self-maintain, becoming more
p ma(iln tenance without a change. Project is partially robust and effective over time
responsible part self-sustaining with limited | and able to bounce-back
; defl tified party maintenance required. following disturbance.
Minimal monitoring is Long-term site monitoring is
Monitoring is not planned (e.g. 1-year planned (e.g. 3-5 years;
lanned I\?o FOCesSes timeframe; qualitative data). | rigorous quantitative data).
Monitoring p - NOP Adaptive management is Adaptive management is

are in place to facilitate
adaptive management.

applied in a limited capacity
and primarily when there is a

major failure.

applied. Monitoring data
provides justification for
design modifications.
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LOCAL CAPACITY FOR IMPLEMENTATION

Low

Medium

High

Stakeholders are not
defined. Stakeholder
participation
opportunities are

Stakeholders are
defined. Stakeholder
participation
opportunities exist

A broad group of stakeholders is
defined. Multiple processes are in

Stakeholders limited. before, during, and place to encourage diverse
Stakeholders do not | after project participation before, during and
represent all implementation, but | after implementation.
community limited to broader
perspectives. public meetings.

Project has broader community
. Project has local support (beyond those most
Community support . . .
0 community support impacted) and provides
. of the project is not .
Community apparent. Project is and addresses community benefits beyond the
Support pp - 110 community needs. most immediate needs. Top-down

not community-
driven.

Project is driven by
stakeholder goals.

and bottom-up participatory
processes address stakeholder
goals and broader co-benefits.

Project Team

Project team is not
established, or has
limited experience
working with
identified
stakeholders. Local
government
representative(s) do
not participate on
the project team.

Project team is
established and has a
history of project
implementation and
working with similar
stakeholder groups.
Local government
representative(s)
participate as needed
on the project team.

Project team has successfully
implemented similar projects and
worked with the defined
stakeholder group. Local
government representative(s)
participate on the project team.

Transparency and
Communication

Small closed group
of team leaders with
limited transparency
and communication
plans. Knowledge
transfer is limited.

Transparency and
communication are
planned for some
project aspects,
allowing for some
knowledge transfer.

Transparency and communication
are planned for all project aspects,
allowing for knowledge transfer
through multiple pathways (e.g.
written media, visual media, etc.)

Local Planning

Project does not
support any type of
local planning effort
(e.g. Green
Infrastructure Plan).

Project supports a
formal or informal
community planning
effort (e.g.
Community
Resilience or
Sustainability Plan).

Project supports a formal and
official local planning effort (e.g.
County Hazard Mitigation Plan,
Comprehensive Plan, etc.).
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