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Introduction

Planners’ increased knowledge of post-disaster recovery processes, and the ongoing
development of technological tools to facilitate analysis, visualization, and public engagement
in the planning process, have made it clear that recovery and resilience planning is undergoing
significant and positive changes that will continue well into the future. These changes can
significantly improve the preparedness and resilience of communities that undertake this
process; however, much will depend on the communities’ capacity to use the tools and
processes that become available to them, and to apply the resulting information. Therefore,
developing sound, knowledgeable, and forward-looking guidance for the planners and allied
professionals most likely to employ such tools and processes in advancing the recovery process
is essential to helping the Federal Emergency Management Agency (FEMA), states, and
communities fulfill the whole community vision of resilience in the face of future disasters.

The job of the planner is not merely to find out what the community wants in a rebuilt
community after a natural disaster. It is more importantly the job of the planner to inform
community members and leaders of the consequences and implications of the meaningful
choices they will make, and to ensure that the best science and technical information are
conveyed in ways that both raise the level of awareness of residents and develop a culture of
informed decision making and preparedness. In addition, it is the job of the planner to ensure
that these important planning considerations are brought forward not only after a disaster
occurs, but perhaps more importantly that they are brought forward as community plans are
updated prior to the occurrence of a natural disaster. Furthermore, behavioral scientists have
long understood that this type of planning cannot be done simply through the release and
presentation of technical information to the public; information must be conveyed in ways that
create accurate mental images of the alternatives and implications for those participating in the
process. Fortunately, modern visualization, scenario-building, and public participation tools are
making that easier year by year. The prospect is that the conclusions people reach about
desired alternatives to create a more resilient community will be better informed and lead to
demonstrable improvements in outcomes.

For this project, known as “Innovations in Planning and Public Engagement for Community
Resilience”, APA formed a partnership with the University of California, San Diego (UCSD),
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Placeways LLC, the National Charrette Institute (NCI), and Orion Planning & Design to identify
the best ways to use cutting-edge technological tools and participatory processes to engage
citizens in the hazards planning process. In Task 1, APA staff conducted a literature search of
this topic, and compiled an annotated bibliography, which is intended to identify the best
resources with regard to visualization tools, scenario planning for resilience and recovery
planning, and related topics. In Task 2, an advisory committee was assembled, bringing
together leading experts from public agencies, universities, technology firms, and urban
planning and design firms that are directly involved in technical analysis, geographic
information systems, visualization tools, scenario planning tools, and other methods of helping
communities conceptualize alternative futures, particularly as they apply to a post-disaster
context.

In Task 3 of this project, the UCSD Bioregional Center for Sustainability Science, Planning and
Design (Bioregional Center) is working with Placeways and Orion Planning & Design to lay out
an overall approach for constructing and using a community resilience scenario planning model
(CRSPM ) that will allow planners to map and analyze existing and projected future flooding
hazards in urban neighborhoods, and to develop community resilience strategies that can
mitigate these flooding and floodplain-related hazards. CRSPM and related approaches can help
communities develop informed planning strategies to address the risk of inland flooding at
neighborhood and site scales. This effort builds on modeling work being conducted by UCSD
and Placeways on tools for water resource management and green infrastructure planning,
such as the Water Quality Scenario Planning Model (WQSPM)* and the Urban Agriculture
Suitability Analysis Model (UASAM)*

It should be noted that these models are the first components of the Bioregional Center’s
overall plan for a comprehensive Spatial Analysis and Planning Toolbox, which will be a set of
integrated GIS-based modeling tools for preparing, analyzing, and visualizing alternative land
use/transportation scenarios. These tools will support expanded and innovative work in
scenario planning, which is a rapidly evolving technique for evaluating alternative land use and
transportation scenarios and their effects on key urban and environmental systems, producing
analytical reports, and using visualization to help stakeholders understand the implications of
different policy choices.

Common planning practice has traditionally treated flood risk simply: The boundaries and
associated regulatory constraints expressed in FEMA'’s flood insurance rate map (FIRM) and
largely state-derived floodplain regulations are taken as static and given. Local comprehensive
plans and zoning regulations typically have addressed flooding hazards (if at all) with the
straightforward mechanism of avoidance: permitted land uses and density allowances are
either reduced or eliminated in flood-prone areas. As a result, these areas are typically

! Spatial Analysis and Planning Toolbox Phase I: Water Quality Model. Documentation and User Manual. R. Leiter,
J.B. Hinds, C. Luna — UCSD Urban Studies and Planning Program and A. DeBay, Placeways LLC. November, 2015.

> Model Documentation — UCSD Urban Ag Suitability Model by R. Leiter and C. Larsen - UCSD and A. DeBay and D.
Walker — Placeways. May, 2016.
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restricted to “open space” land uses and are viewed has having significantly less economic
value than adjoining properties that are outside the flood hazard areas. In some cases, it is
possible for structural improvements such as concrete culverts and levees to be constructed, in
order to reduce the areas that are subject to flood hazards. However, these solutions are often
expensive and may lead to serious negative environmental consequences. By contrast, the
planning process for flood prevention used by the US Army Corps of Engineers does use a
probabilistic simulation process that employs a Monte Carlo simulation approach to flood
damage reduction.

The nature of flood hazards, and the methods available for forecasting both the extent and
depth of flood inundation, are changing. Beyond the recognized issues of sea level rise for
coastal communities and infrastructure, observations have shown changes in historic storm
patterns and rainfall intensities in many U.S. regions>. Numerous studies including US EPA
research” indicate that in recent years, a larger percentage of precipitation has come in the
form of intense single-day rain events. The extent and duration of drought also is changing,
with both intense precipitation and extended dry periods anticipated to be experienced more
often and in more parts of the US under climate change scenarios®. Both of these trends make
static flood zone mapping less useful as a planning tool. Intense storms may lead to flooding in
unexpected areas well beyond mapped flood zones — especially localized street flooding, when
storm drainage systems become overwhelmed by intense precipitation volumes. Lengthy dry
spells or drought conditions, conversely, create challenges not only for flood models, but for
public engagement in resilience planning if dry extended conditions become the ‘norm’ and the
potential danger of flooding recedes from the public mindset.

In response to the changing nature of this hazard, FEMA’s Federal Mitigation Investment
Strategy (FMIS)® incorporates four concepts that reflect the dynamic nature of local hazards
and the need for a more dynamic approach. The FMIS focuses on (1) Resilience and
Sustainability, (2) Leadership and Locally Focused Implementation, (3) Engaged Partnerships
and Inclusiveness, and (4) Risk-conscious Culture. Visualization tools, properly applied, can play
an important role in all four of these focus areas.

As planners and decision-makers have begun to recognize the value of integrating water
resource planning with other aspects of planning for the natural environment and the built
environment, an evolving concept of green infrastructure has emerged. The definition of green
infrastructure planning means different things to different practitioners, and it can also apply
differently at different scales. The original intent in using the word infrastructure with
green was to elevate the societal value and functions of natural lands and systems to
the same level of importance as conventional constructed or gray infrastructure. Often

3 Hossain, F. J. Arnold et al., “Local-to-Regional Landscape Drivers of Extreme Weather and Climate: Implications
for Water Infrastructure Resilience.” Journal of Hydrologic Engineering, 2015.20.

4 https://www3.epa.gov/climatechange/science/extreme-weather.html

® California Department of Water Resources, “California Climate Science and Data for Water Resources
Management.” June 2015.

® http://www.fema.gov/national-mitigation-framework/
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the phrase green infrastructure refers specifically to systems and practices that use or mimic
natural processes to improve water quality. However, a broader definition of green
infrastructure planning can include restoration of the hydrologic function(s) of the
region’s landscape, as well as managing stormwater. Many green infrastructure plans
include open space planning, conservation of habitat and green spaces, urban forestry,
and stewardship of land within urban park systems. While the role of green
infrastructure stormwater management methods in reducing runoff volumes and flood
impacts is a subject of great interest and an increasing body of research in stormwater
engineering (as discussed later in this report), the role of natural and constructed
green infrastructure features in promoting water quality, attenuating flood waters, and
enhancing community resilience makes it an important feature in the context of
scenario planning and visualization.

The aim of CRSPM will be to improve common practice by providing a method to visualize and
communicate more sophisticated—yet still accessible—understanding, analysis, and strategies,
in the context not only of flood hazard mitigation planning but also in the context of green
infrastructure planning and comprehensive planning for sustainability. In the tool we envision:

e Risk to life and property from flooding can be estimated by taking into account both
likelihood of inundation and impact scores. However, this model is not intended to
replace FEMA’s HAZUS’ software or Risk MAP®? program. It will use more approximate
methods designed for fast processing, broad area coverage, and the ability to make on-
the-fly changes to test alternative assumptions and scenarios. This paper does, however,
recommend methods of incorporating outputs from common flood engineering models
into this model.

e Neighborhoods or sub-areas can be evaluated or ranked according to different
categories of risk including risk to property, infrastructure and natural resources,
allowing a community to set priorities for its mitigation efforts

e Avariety of different green infrastructure strategies can be considered at the
neighborhood scale in addition to simple avoidance, and the potential benefits of
incorporating different types of green infrastructure into the community’s stormwater
management system may be able to be evaluated in more detail if outputs from other
engineering and modeling tools are incorporated.

e Flood hazard area boundaries can be expanded and in some cases defined in different
ways to reflect potential, approximated future changes under different climate change
scenarios.

The tool that is described in this report would be constructed as a CommunityViz analysis
model, which could be applied in an existing or planned urban area at a small-area
(neighborhood) scale. CommunityViz9 works as an extension to ArcGlIS for Desktop10 and is

7 see https://www.fema.gov/hazus/
¥ See https://www.fema.gov/risk-mapping-assessment-and-planning-risk-map
% See http://placeways.com/communityviz
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widely used by planners for all aspects of comprehensive planning. Creating this model in
CommunityViz will make it easier for planners to include flood hazards as an integral part of
comprehensive planning activities along with traditional topics like housing and transportation.

This report will cover the following topics:

e How would we define an overall planning framework that would allow us to understand
the potential community impacts of flood hazards, including increased flood hazard risk
resulting from climate change, both individually and in the context of other important
environmental, economic and social factors that are typically considered in community-
and neighborhood-scale planning processes? For example, one of the under-studied
issues is the impact of flood hazard designations on property values and property tax
revenues. Another concerns the social resilience of a neighborhood that has been
subject to flooding, or where buyouts have begun to occur.

e How would we design a community resilience scenario planning model (CRSPM) in
CommunityViz that would allow us to make valid comparisons of costs and benefits of
various flood hazard mitigation approaches at a neighborhood scale? How could the
CRSPM be linked with other scenario planning models, such as “smart mobility” and
public health impact models, to evaluate these costs and benefits in the context of other
important environmental, economic, and social factors that must be considered in
planning for sustainable outcomes?

e What are the crucial technical issues related to making informed predictions of the
effects of flood hazards in urban areas at a neighborhood scale? What additional issues
come into play when we try to consider the possible effects of climate change on our
predictions? As one example, there is a complex relationship between the capacity of
soil and vegetation to capture stormwater runoff as a result of more extended dry
periods, and then more intensive peaks or “rain bombs.” We may be able to model and
illustrate the benefits of greater tree canopy coverage or vegetative changes in relation
to these impacts, but doing so will require inputs from climate and engineering models
and studies.

e How could our scenario planning models and tools be used in conjunction with a public
engagement process that would engage community stakeholders and the general public
in authentic participation and decision-making around these complex issues?

A. Overall Planning Framework

In the context of urban planning theory and practice, urban planning scholar Timothy Beatley
suggests that “a true shift toward sustainability ultimately will require what | call green regions:

1% See http://www.esri.com/software/arcgis/arcgis-for-desktop/
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spatial units that mix urban settlements with surrounding hinterlands and ecosystems and that
together yield compact, sustainable cities and settlement patterns” [7, p. 140]. Beatley suggests
that we take a holistic view of green regionalism, considering it from the perspectives of
ecology, biodiversity, sustainable urban form, resilience, and “sustainable metabolism.” As a
result, “part of the goal in regional sustainability planning will thus be to ensure that a region is
able to satisfy a significant amount of its own biophysical needs, namely water, energy and
food”*.

One important yet challenging aspect of green regionalism is recognizing how green regions of
the future will connect to other regions and the rest of the world, and how local plans and
actions are connected to regional and global outcomes. Beatley suggests that in terms of
setting realistic goals for green regions, we consider “self-reliance” as a way to measure our
progress, and that we consider a concept of glocalism, which holds that regions have a duty
both to shift to the local and regional and to recognize and accept their global duties and

responsibilities that reflect the inherent interconnectedness of the planet”*?.

Integrated Planning Framework

Stephen Wheeler has observed that “one of the paradoxes of planning is that many social and
environmental problems are best approached at a regional scale, but this is usually the weakest
level in terms of government institutions and public understanding” ** This paradox is clearly
one of the major challenges in looking at a “green region” or “bioregion” as the appropriate
scale in which to develop plans and strategies that focus on human health and ecological health,
while giving due consideration to the socio-ecological justice implications of our proposed
solutions. Recognizing this paradox has led urban planners toward the use of an Integrated
Planning Framework (IPF) for analyzing problems and identifying spatially-based solutions
within a complex planning and regulatory environment.

In its simplest form, an Integrated Planning Framework looks at plans and policies from two
main perspectives:

e Topical Areas —understanding the characteristics of plans and policies that are focused
on particular topical areas of place-based planning ( e.g., land use, transportation,
housing, economic development, environmental systems, demographics, infrastructure,
and natural hazards) and

1 Beatley, T. Green Regions, Green Regionalism. In: Seltzer E, Carbonell A, editors. Regional Planning in America:
Practice and Prospect. Cambridge MA: Lincoln Institute of Land Policy; 2011: p. 164.

12 Beatley, T., p. 169-170.

13 Wheeler, SM. Planning for Sustainability: Creating Livable, Equitable and Ecological Communities. Abingdon Oxon:
Routledge, 2013: p.401.



Innovations in Planning & Public Engagement for Community Resilience 7
Task 3 — Scenario Planning Model Report

e Geographic Scale — understanding the characteristics of the various scales at which
urban and environmental plans and policies are being developed (e.g., regions, cities,
communities, and small areas such as neighborhoods, corridors, and activity centers).

The IPF concept is drawn from many years of urban and environmental planning research and
practice. In 2004, Professor David Godschalk set forth the concept of an “integrated framework
of plans” (also described as a “network of plans”) to illustrate how comprehensive plans could
address the topics of land use, transportation, economic development, housing, and the natural
environment in a systematic and integrated fashion, and could also be viewed in terms of their
scalar integration: from Regional Level to City Level to Small-area Level™.

More recently, the concept has been further refined in the American Planning Association (APA)
Planning Advisory Service Report, Sustaining Places: The Role of the Comprehensive Plan®. For
example, this report includes an expanded discussion of the concept of vertical integration of
comprehensive plans across geographic scales, including not just regional scale, city scale and
small-area scale, but more specifically at the county, rural, community and “master plan” scales.

The authors also assert that “the region is the most appropriate scale to comprehensively
address sustainability because the resources to be sustained are, at a minimum, regional —
whether related to the environment (air, water, and habitat), the economy (labor, jobs,
infrastructure, and physical capacity), or social equity (fair housing and access to
opportunities)”*®. The report provides several examples of local and regional comprehensive
plans that are designed to lead toward sustainable outcomes, and describes various ways in
which horizontal integration (across topical areas) and vertical integration (across scales) of
plans and policies can be achieved.

Integrated Planning for Sustainability

The APA Sustaining Places report addresses not only the importance of vertical and horizontal
integration of plans, but also the need to include a clear definition and corresponding principles
for sustainability itself. The report begins with a proposed definition of planning for “sustaining
places” as follows:

“Planning for ‘sustaining places’ is a dynamic, democratic process through which
communities plan to meet the needs of current and future generations without
compromising the ecosystems upon which they depend by balancing social, economic,

14 Godschalk DR. Land Use Challenges: Coping with Conflicts in Visions of Sustainable Development and Livable
Communities, in J Am Plan Assoc. 2004 Winter; 70(1, p. 10.

15 Godschalk DR, Anderson WR, Sustaining Places: The Role of the Comprehensive Plan. Chicago: American
Planning Association; 2012: 97.

16 Godschalk and Anderson, p. 47.
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and environmental resources, incorporating resilience and linking local actions to

regional and global concerns”’.

The report next identifies eight principles for best practices that can guide comprehensive
planning for sustaining places, as shown in Table 1.

i’able 1. APA Sustaining Places Initiative: Planning Principles for Comprehensive Plans

PRINCIPLES

Plan Content:

1. Livable Built Environment: Ensurathat all elements of the builtenvironmant—induding land use,
transportation, housing, energy, and infrastructure —work togetherto provide sustzinable, green places for
living, working, and recreation, with a high quality of life.

2. Harmony with Nature: Ensure thatthe contributions of natural resourcestohumanwell-being are explicitly
recognized and valuad and that maintaining their healthis a primary objective.

3. Resilient Economy: Ensure that the community is preparadto deal with both positive and negative changes
initseconomichealth andto initiste sustzinable urban development and redewelopment strategiesthat
foster green business growth and build reliance onlocal assets.

4. Interwoven Equity: Ensure fairness and equity in providing for the housing, services, hazlth, safety, and
livelihood needs of 2!l citizens and groups.

5. Healthy Community: Ensure that public hezlth needs are recognized and addressed through provisions for
healthy foods, physical activity, accessto recreation, health care, environmental justice, and safe
neighborhoods.

Vertical Integration:

5. Responsible Regionalism: Ensurethat 2lllocal proposals accountfor, connactwith, and support the plans of
adjacent jurisdictions and the surrounding region.

Planning Process:

7. Authentic Participation: Ensure that the planning process actively involves 2ll segmeants of the community in
anzlyzing issuas, generating visions, developing plans, and monitoring outcomes.

8. Accountable Implementation: Ensure thatresponsibilities for carrying out the plan are clearly stated, along
with metrics for evaluating progressin achieving desired outcomes.

Source: Godschalk and Anderson, pp. 11-19.

These principles can be summarized as follows:

Principles 1 to 5 are focused on Plan Content, and identify the key topical areas and
associated outcomes that should be addressed in a local comprehensive plan.

Principle 6 speaks to Vertical Integration, the importance of connecting local plans and
policies to those of adjoining jurisdictions and the region as a whole.

Principles 7 and 8 address two key components of the Planning Process:

17 Godschalk and Anderson, p. 4.
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o Authentic Participation through active involvement by all segments of the
community; and

o Accountable Implementation through clear delineation of implementation
responsibilities and identification of metrics for measuring progress in achieving
desired outcomes.

Authors of other recent publications from the American Planning Association have been using
this evolving concept of an Integrated Planning Framework as a way to help planners who are
focusing on sustainability to consider, among other things, the important interrelationships
among key topical areas, while also understanding the important interrelationships between
plans and policies at different scales.

Green Infrastructure Planning

As discussed previously, the concept of green infrastructure planning has evolved over the past
several years to become one of the essential building blocks of integrated comprehensive
planning. In 2013, APA published a PAS report titled Green Infrastructure: A Landscape
Approach that among other things provides guidance as to how green infrastructure planning
can be viewed from an integrated planning perspective. The report identifies six principles that
inform the planning and design of green infrastructure across the different disciplines and
scales of professional practice:

1. Multifunctionality
2. Connectivity

3. Habitability

4. Resiliency

5. Identity

6.

Return on Investment.™®
Specifically, the report discusses the principle of resiliency as follows:

Defined as the ability to recover from or adapt to disturbance and change, resiliency is
particularly relevant in a time when natural and human ecosystems are experiencing
accelerating change and instability, ranging from higher energy prices to economic
shocks to the projected effects of climate change. Examples of how green infrastructure
can increase community resiliency across scales include:

e Trees and green roofs can counteract the urban heat island effect at the city
scale and reduce the cooling needs of individual buildings.

18 Rouse, D and Bunster-Ossa, |, Green Infrastructure, A Landscape Approach. Chicago: American Planning
Association; 2013. p.18.
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e A community can reduce its vulnerability to storms and the cost of gray
infrastructure by maintaining the natural flood absorption capacity of coastal or
riparian wetlands and floodplain areas.

e Tree plantings, green and "blue" roofs, permeable pavement, rain gardens, and
other techniques that absorb rainfall on-site can reduce the impacts of urban
runoff during storms (e.g., overburdened storm sewers, street flooding, and
combined sanitary / storm sewer overflows into rivers and streams). '

e Green infrastructure can increase community resiliency over short and long
timeframes (e.g., reduced damage and faster recovery from natural disasters,
increased ability to adapt to climate change).19

This PAS report also identifies several different geographic scales at which green infrastructure
planning can be conducted, starting with the regional scale and carrying through to the local
government scale (e.g., cities and communities), as well as the subarea scale (e.g., districts and
neighborhoods) and finally the site level scale. The PAS report includes a chart (see Table 2)
that illustrates how the six principles of green infrastructure planning can be viewed at these
different scales for different kinds of planning documents (e.g., comprehensive plans,
functional master plans, development regulations and codes, and capital improvement
programs).

The integrated planning framework and green infrastructure planning framework outlined in
this section can be used to guide the design and use of the Community Resilience Scenario
Planning Model that is discussed below. The model will not be designed for use in conducting
the types of hydrology/hydraulic studies and other engineering analyses used to assess gray
infrastructure capacity, watershed dynamics, and flood scenarios, but opportunities to use the
outputs from these assessments (including inundation areas, water quality outcomes, or
potential future scenarios) can help communities understand the planning implications of flood
hazard characteristics and risks within a given study area.

The principal use of the model is at the community and neighborhood scales. At this scale,
importing outputs generated from flood hazard studies, assessments of storm sewer capacity,
and other hydrology/hydraulic studies will allow for delineation of flood hazard areas at a level
of accuracy sufficient to construct scenarios (or “sketch plans”) of various land use options for
flood hazard areas. These options could range from simply leaving vacant open space to
enhancing a hazard area’s ecological functions (i.e. installing constructed wetlands, restoring
soil capacity and vegetative cover, or enhancing plantings and tree cover) and/or enabling
recreational and agricultural uses that are suitable in flood hazard areas. Ideally, in the long run,
the model would be designed to allow for calculation of land acquisition costs, construction
costs, and long-term management costs of these different approaches, with costs adjusted to
reflect the periodic need to deal with flood-related damage in flood hazard areas. Such a

19 Rouse, D and Bunster-Ossa, |, p. 20.
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Table 2 - Incorporating Green Infrastructure into Planning Practice: Principles and Scales
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SUBAREA / DISTRICT
PLANS

SUBEAREA

DISTRICT / OVERLAY
ORDINANCES

SITE DEVELOPMENTS

Table 2 - Incorporating Green Infrastructure into Planning Practice: Principles and Scales (cont’d)

Address GI's benefits
in master planning and
design at the subarea
scale

Develop an ordinance to
maximize GI’s benefits
within designated
subareas

Enact development
standards to leverage
Gl's functions and
benefits

Design detailed GI
networks (parks

/ nodes, streets /
sidewalks, trails /
riparian corridors, etc.)

Connect Gl networks
through regulating
plans and incentives

Consider how on-site
Gl can link to Jarger Gl
networks

Use GI to improve
environmenta! quality,
create walkable
environments, and
provide habitat for
wildlife

Enact design standards
to promote pedestrian
friendly development
and street networks

Incorporate recreational
facilities and other
usable outdoor spaces

Incorporate Gl strategies
in plans to reduce risks
from flooding and storm
damage

Use a Gl ordinance to
protect areas vulnerable
to natural hazards (e.g.,
flooding)

Use GI to meet

stormwater
ﬂ\.‘l\ﬂ'@!’n\l’l“ needs
(e.g., on-site bioswales
and rain gardens;
off-site regional,
multifunctional
facilities)

Enhance community
identity through

Gl (e.g., parks and
community gathering
places)

Enact design standards
that use Gl to express
distinctive character and
sense of place

Incorporate references
to native ecosystems
and indigenous building
materials into designs
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Develop indicators

to track the positive
returns of Gl (e.g.,
increased economic
activity, improved
public-health outcomes)

Permit compatible
uses yielding economic
returns (e.g., urban
agriculture, renewable
energy generation)

Use Gl to improve
return on vestment
(e.g., through increased
attractiveness for
tenants, reduced energy
use)

planning analysis also would support the development of a functional master plan for a
community or neighborhood, such as a “linear park” or “greenway” master plan, or a multi-
functional drainage master plan.

In addition, the model should also be designed to provide the capability to look beyond the
flood hazard areas within a community or neighborhood, and consider the relationship of flood
hazard area uses with other urban land uses in a given geographic area. For example, it may be
useful to identify land whose property use would be restricted, or whose homes would be
bought out, as a result of flood hazard designation. Enabling communities to engage in this
challenging conversation before a flood hits, and providing a structure for the discussion, would
represent a very useful advance and output from the model.

In addition to calculating the costs of direct compensation (through purchase of the land
outright or through a conservation easement), there could also be consideration of

development rights transfer to other developable properties within the same planning area. If
these types of options are considered, it may also be important to think strategically about
where density transfers should be accommodated before setting up and using the hazard-
related information and functions in the model. For example, if a neighborhood planning area
includes an existing or planned public transit station, it may be important to consider a scenario
that transfers development rights to locations within close proximity to that station, in order to
promote greater transit use within that neighborhood. In such a case, a comprehensive
planning process may be the best way to consider these types of trade-offs. The model can
then use those planning process decisions as parameters for assessing other important
economic, environmental and social outcomes.
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To summarize, the model should be designed to allow for small-area (community scale or
neighborhood scale) evaluation and comparison of a range of different approaches to
mitigating flood hazard risks, through either a functional master planning process or a
comprehensive planning process.

Design of a Scenario Planning Model

The tool to be developed—called the Community Resilience Scenario Planning Model
(CRSPM)—will work as part of the Integrated Planning Framework, serving as both a scaffold for
technical modeling and as a bridge between ordinary planners (and their constituents) and
resiliency science. Its mission is to promote informed, collaborative decision-making by offering
a platform for articulating the decisions to be made and presenting relevant science in ways
that are easy to understand.

User Experience

This section provides a high-level view of the model’s intended functionality from a user
perspective.

The tool opens with a map view of the community’s study area, which is expected to be on the
order of a few square miles or the equivalent of a small watershed, such as the tributary to a
river (e.g., Lick Run in Cincinnati or Chollas Creek in San Diego). The map contains data on
existing conditions of the built environment, detailed topography, structures, surface waters,
wetlands, infrastructure features, water bodies, and flood hazard areas (as currently modeled)

in addition to other helpful reference information. _

XpeD

xp2D gives you the power to

A flood level variation tool is available for use at
any time. This changes the extent of the flood
hazard area according to user-specified settings.?°
For example, the user may choose to increase the
100-year flood level by 2 to 5 feet as a way of
approximating a potential effect of climate
change.21 The model will create a new, larger flood
hazard area using a simple “bathtub” model that

analyze and predict potential
flood extents, depth and
velocity and accurately model
the interaction of surface and
underground systems in an
integrated 1D/2D modeling
environment. The software
can also be effectively used to
simulate and analyze tidal
surges, dam breaks and
breaches on sewer networks.

In addition, xp2D is an excellent tool to evaluate flood hazards and evacuation route
time to inundation.

raises the water level by 2 to 5 vertical feet and fills
in the local topography accordingly (this function
may require the user to have the Spatial Analyst®*

An example of a flood inundation map output
from XPSWMM, a model commonly used in

municipal flood and infrastructure engineering
(XPsolutions.com)

20 As noted earlier, only inland flood hazards will be addressed at

modeling could be added at a later date.

?! Consistent with Executive Order 13690 — Establishing a Federal Flood Risk Management Standard (FFRMS) and a
Process for Further Soliciting and Considering Stakeholder Input. Another approach would be to use the 500-year
flood level instead. See https://www.whitehouse.gov/the-press-office/2015/01/30/executive-order-establishing-
federal-flood-risk-management-standard-and-

?2 see http://www.esri.com/software/arcgis/extensions/spatialanalyst
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extension to ArcGIS). Alternatively, if the user has access to alternative inundation profiles for
the area developed in a flooding model, such as XP SWMM, or another locally-specific study of
flooding and infrastructure systems, one or more static GIS layer outputs from these types of
engineering studies can be incorporated into the tool. This can give users relatively easy
options for choosing those layers to specify flood level variation.

A potential enhancement, should time and resources allow,
is to use a surface water flow path model for the area
developed in Esri’s ArcHydro set of data models and tools?®
for other parts of the Spatial Analysis and Planning Toolbox.
At left are illustrations showing how the flow path model
depicts the routing of surface flows towards storm drains
and overland pathways in the Chollas Creek watershed in
Southeast San Diego. This enhancement might allow users
to identify areas where rainwater tends to collect in low
points (areas of a dense group of flow paths that show up
as “blobs” in the photo at lower left), and also where
rainwater does not naturally flow or collect (areas without
green flow paths, showing high points of sites). This
provides an important ‘reality check’ for green
infrastructure siting, sizing and prioritization. The surface
water flow path model also provides an important tool for
helping planners and the public visualize how water travels
through and collects in a neighborhood, which can help
build consensus around open space, green infrastructure,
and mitigation planning.

A tool or set of tools for assessing neighborhood risk is
provided. This capability is based on the CommunityViz
Suitability wizard®* and follows a pattern similar to that of
the Urban Agriculture Suitability Analysis Model (UASAM)
already developed as part of the Spatial Analysis and
Planning Toolbox. Each neighborhood is assigned a risk
score (likelihood + impact) based on a combination of
factors such as inundation likelihood, demographic profile
and characteristics of residents, condition of building stock,
etc. The user is presented with a panel of controls that
allow weighting and/or including and excluding various
factors. Based on the user’s settings, risk scores are
updated in real time and displayed visually on the map, making it easy to see where risks are
highest across neighborhoods.

3 See http://resources.arcgis.com/en/communities/hydro/01vn0000000s000000.htm
% See http://placeways.com/communityviz/s360webhelp/
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The use of demographic factors to assess risk is a particularly important feature of the model. In
the practice of resilience planning, conventional census data such as language isolation, number
of single householders over age 85, availability of a vehicle, and age of structure are crucial to
understanding the potential social, economic and public health and safety impacts of flooding.
Guidance should be provided for model users on selecting and prioritizing these types of factors,
drawing on resiliency planning work?®® (such as the 2015 US Department of Housing and Urban
Development National Disaster Resilience Competition and Academies).

Once neighborhoods in need of the most attention have been identified, the user zooms in on a
particular neighborhood of interest to work at the site or small-area scale. Here, users can
experiment with applying various flood mitigation measures by sketching on the map or using
other input controls. Mitigation measures will include both gray infrastructure and structural
flood proofing measures (e.g., levees, freeboard, sealed foundations), flood storage measures
(e.g. retention/detention facilities, increased storm sewer storage), and green infrastructure
(e.g., swales) strategies, building on some of the green infrastructure modeling capabilities
already developed for the UCSD Water Quality Scenario Planning Model (WQSPM). As
discussed in the Technical Considerations section, the flood-management benefits of these
strategies will be modeled only approximately, because the model will not be capable of
hydrologic modeling or simulation. Similarly, costs and other impacts will be modeling at a
level suitable for planning and discussion intended to lead to further, more detailed study in
areas where they seem appropriate.

All the above controls will be supported by the inherent ability of CommunityViz to compare
scenarios. Thus the user will be able to evaluate strategies or combinations of strategies
against other alternatives by looking at maps side-by-side, viewing charts that compare results,
and reviewing detailed reports.

Sources of Data and Models

The CRSPM will require geospatial data layers including particular attribute information, tabular
reference information for modeling parameters such as costs and rates, and scientific modeling
formulas and logic for predicting the outcomes of future scenarios. Where possible, the tool
will be designed to use widely available public data sources so that it is portable to any location
with reduced need for additional data gathering on the part of the local community. However,
it is expected that local communities will still need to provide a number of local data sets. In
the pilot, we anticipate working in Southeastern San Diego and relying heavily on the regional
metropolitan planning organization (SANDAG) and its cloud-based GIS data repository, SanGlS,
for local data. Details will need to be worked out as the tool is developed, but likely primary
sources are given below.

Sources of spatial data for the pilot are likely to include:
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e US Census Blocks: demographics

e FEMA FIRM: flood hazard areas

e USGS or OpenTopography: topography

e SANDAG SanGlS: parcels, zoning, land use, existing buildings and infrastructure,
watersheds and waterbodies, single householders over age 65.

Sources of cost and benefit data and models may include:

e FEMA Environmental Benefits Calculator

e FEMA Hazus

e FEMA Risk MAP

e Other published sources of project construction cost and operations cost data, such
as budgets for capital improvement projects constructed by local governments.

C. Technical Issues in Flood Hazard Forecasting and Analysis

As described throughout this paper, the intent of the model is to enable comparison between
and among different flood hazard scenarios. The CommunityViz model itself is not intended to
replicate or mimic the “hard engineering,” but provides an important means of translating
engineering outputs into the community planning framework. In doing so, planners must take
care to represent correctly the functions and applications of different types of infrastructure,
whether gray or green, and investments in open space or natural areas enhancements.

Inundating floods of the type reflected in the FIRM maps, and to be represented in this model,
can be brought on by high volumes of water falling in a short time (i.e. high-intensity rainfalls or
“rain bombs”), or by a period of rainfall in which soils become saturated and/or surface water
flows are sustained at high levels. In the latter case, even a small storm can be the “straw that
breaks the camel’s back” and results in flooding. Flood prevention in urbanized areas thus
involves providing sufficient physical storage capacity for flood waters, whether on land or
within the storm sewer system, to prevent the inundation of and damage to property,
infrastructure, and public safety.

To understand the focus and potential benefits of the proposed CommunityViz model with
respect to flooding, and particularly the role of green infrastructure in mitigation and resilience,
it is important to separate out and define two different objectives of engineering and water
management: stormwater management and flood mitigation. These areas are distinct from
floodplain management and engineering, which deals with issues of compensatory storage for
incursions into the floodplain, identification of fluvial erosion hazard areas, and establishing
standards for flood storage and floodproofing.

Most urbanized (and developing) municipalities, at some point, will evaluate the potential for
flooding and damage, the capacity of existing and planned drainage infrastructure, and the
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performance of drainage and flooding structures under different rainfall and climate
assumptions. This is a regular area of work for civil and municipal engineers. Typically labeled
“Area Drainage Plans,” “Watershed Models” or “Stormwater Master Plans,” outputs from these
studies tell municipalities, regulators, and land-holding entities such as flood control districts
how much physical storage capacity is needed, and where, to accomplish a certain level of flood
protection. In CSO areas, these studies also spell out how much storm drainage must be
removed from the combined system, and/or how much storage is needed in the combined
system, to reduce or eliminate CSOs. These studies also may provide the basis for establishing
stormwater detention (i.e. flood storage and release) requirements for specific areas in a
community. Historically, these studies have not focused on the role of surface stormwater
management treatments in managing flooding, other than from conventional detention
structures (i.e. stormwater or flood control basins and ponds).

As water quality (as opposed to simple flood storage or detention, which does not remove
pollutants from stormwater) has become a greater area of concern and as the US EPA
implements the Phase Il Municipal Separate Storm Sewer System (MS4) rule throughout
urbanized portions of the US, stormwater engineering has shifted from a focus on drainage and
flood mitigation to a more integrated approach to water quality, watershed function, and flood
management. Models such as US EPA’s System for Urban Stormwater Treatment and Analysis
Integration (SUSTAIN)®®, the US EPA’s Storm Water Management Model (SWMM)?, the
National Stormwater Calculator (which runs on a SWMM model)®, and the Source Loading and
Management Model for Windows (WinSLAMM)? provide tools for selecting and assessing the
benefits of green infrastructure, including volume reduction (i.e. how much less stormwater
runoff is generated by a site that includes green infrastructure practices, both and constructed
and natural). Reducing runoff volumes from individual sites or portions of a watershed has an
obvious benefit to flood management, since the overall amount of water entering a drainage
system will be reduced. In addition, the ability of green infrastructure practices to absorb small
storms may help forestall a flood event in areas where soils have become saturated from
extended periods of rain.

However, the focus and scale of flood management engineering and assessment remains
substantially different from water quality and green infrastructure-oriented planning, and this
distinction is important to the model. The primary application of green infrastructure
approaches, as described in this paper and as intended to be expressed in the model, is for
localized stormwater management (i.e. water quality enhancement and watershed restoration)
and not for neighborhood or community-scale flood mitigation and or control (i.e. preventing
inundation and damage from large storms).

2 . . .
6 https://www.epa.gov/water-research/system-urban-stormwater-treatment-and-analysis-integration-sustain
%7 https://www.epa.gov/water-research/storm-water-management-model-swmmus
28 .
https://www.epa.gov/water-research/national-stormwater-calculator
* https://www.winslamm.com



https://www.epa.gov/water-research/storm-water-management-model-swmmus

Innovations in Planning & Public Engagement for Community Resilience 18
Task 3 — Scenario Planning Model Report

At a very fine scale, some approaches could be represented to reduce localized surface flooding,
such as adding permeable surfacing the parking lane of a street with a chronically flooded low
point. In the context of an urban system or urbanized area, green infrastructure measures do
not manage the very high volumes of water that occur in flooding situations. As infiltrative or
retention-based practices, green infrastructure stormwater practices are designed specifically
to hold water on a site for a longer period of time — more akin to how the natural landscape
functions, by taking up initial rainfall volumes and ultimately “overflowing” in larger storms or
in extended wet periods. As such these practices require more land surface area or subsurface
infiltration space than do detention (i.e. capture and release) measures such as ponds or dry
basins. The design result is for sites and surfaces treated with green infrastructure to absorb
quickly the smaller storm events, but not to provide flood control functions.

Table 3 below outlines the different objectives of these practices:



Innovations in Planning & Public Engagement for Community Resilience

Task 3 — Scenario Planning Model Report

Focus

Intent of
Regulation
& Design

Engineering
Solutions

Objective
for
Quantity
Control

Design
Storm

Table 3
Stormwater/Watershed Management

Water Quality — pollutant removal &
small storm attenuation

Holding back stormwater runoff from
developed surfaces long enough, and
through an adequate filter medium, to
remove pollutants carried in the water

Green infrastructure stormwater
management measures: permeable
surfacing, bioretention, constructed
wetlands

Conventional wet extended detention
ponds

Underground vaults or infiltration
systems

Volume/source reduction: tree
planting and canopy expansion, soil
amendment, re-vegetation, removal of
structures and impervious surfaces

Prevent high flows (“first flush”) of
storm water from reaching streams and
causing erosion/stream instability and
temperature increases

Smaller storm events (85™ percentile
rainfall amount or first inch/half inch of
rainfall, depending upon climate)

19

Flood Risk Assessment/
Management

Water Quantity —large storm
attenuation

Water Quantity (preventing
streams/lakes from “over-
topping” onto nearby streets,
property or infrastructure;
preventing storm drainage
systems from “backing up”

Detention ponds (wet or dry);
hold large quantities and release
at a specified rate; not intended
to hold water long enough for
pollutants to settle out.

Hold back sufficient quantities of |
water to prevent storm system
backups and river/stream
overtopping where infrastructure
or property would be damaged

Large storm events (95th +
percentile or 5”+ rainfalls in 24
hour period)
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US EPA has recently published an evaluation that may be useful to this project entitled “Flood
Loss Avoidance Benefits of Green Infrastructure for Stormwater Management”*. This study did
evaluate the relative impact on floodplain area (defined in the report as “the horizontal extent
of inundated land resulting from...flood events”) from the implementation of green
infrastructure on new development and redevelopment (excluding retrofits), which would
ultimately be the objective of the model developed in this project. With engineering guidance
and appropriate caveats, the outcomes of this study may be used to provide some estimation
in the change in horizontal floodplain extent from implementation of green infrastructure
stormwater management practices. If users wish to make some assumptions along these lines,
it is strongly recommended that users work with a knowledgeable local engineering staff
member or firm to make explicit assumptions about where, how, or by how much adding green
infrastructure features in the model’s sketch function would lead to a corresponding movement
in the “bathtub” line of the flood hazard area. The technical advisory committee also should
weigh in on the approach and conclusions from the EPA analysis and their applicability to this
study.

The introduction to this study provides important guidance on the limitations of green
infrastructure for flood mitigation within existing models and data sets:

Generating an estimate of the flood loss avoidance benefit from the
use of small storm retention practices is problematic because data
does not exist on damages from small, frequent storm events. For
example, there is limited information on damages such as stream
scouring that exposes buried utilities, bridges, and other assets to
flood hazards. In addition, there are no national datasets of at- risk
assets, flood control works, topography, and bathymetry detailed
enough to generate accurate estimates, much less projections of
national losses. Nevertheless, this study uses publicly available
datasets and the Federal Emergency Management Agency’s (FEMA)
flood loss estimation model Hazus on a limited number of
watersheds to obtain a conceptual quantification of the effect of
stormwater retention on reducing potential riverine flood losses
(EPA 2015: ix).

The report provides another important guidance point for this project and the model:

The flood loss avoidance benefits estimated in this study should not be
contrasted directly with Gl implementation cost for a benefit-cost
comparison because, as noted previously, flood loss avoidance is not the
only, and certainly not the primary, benefit of Gl. Comparisons of benefits
to costs should be made using the full suite of benefits that include

30 US Environmental Protection Agency Office of Wetlands, Oceans and Watersheds, December 2015.
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improved water quality, reduced stream erosion and scouring, healthier
aquatic and benthic ecosystems, greener and cooler cities, more stable
stream baseflow during droughts, groundwater recharge, reduced potable
water use, and other benefits.

It is more difficult to model and predict the flood-related outcomes of restoring natural
hydrologic function through enhanced open spaces or land conservation than to model the
impacts of stormwater management green infrastructure practices. Protection and restoration
of natural hydrologic functions (especially tree canopy, soil infiltration capacity, and healthy
vegetative cover) will reduce flood risk by reducing runoff volumes from restored sites,
providing more storage capacity within soils and plants (which reduces the likelihood that a
small storm in an extended wet period will lead to a flood event), and particularly by providing
space for flood waters to dissipate, rather than causing damage to streams, lakeshores,
infrastructure and property. However, the interaction of groundwater hydrology, stream base
flows, developed infrastructure and rainfall patterns makes modeling these relationships and
predicting outcomes especially tricky. It is strongly recommended that the advisory committee
members with strong technical knowledge of floodplain engineering weigh in on how
engineering studies and principles could be used to establish proportionality between a
restoration approach and a corresponding degree of risk reduction.

In some cases, engineering and scientific modeling work done around climate change, flooding
and green infrastructure can provide useful outputs for this model approach. For example, in
some regions of the U.S., climate models incorporating temperature, soil, precipitation, tree
cover and climate change variables have been “downscaled” to project changes in flood
patterns and risk for specific watersheds;*! where this type of work has been done, the static
outputs in terms of GIS maps of projected flood hazard areas can be incorporated into the
model, providing a much greater level of accuracy about projected risks under climate change.
In metropolitan Chicago, an innovative modeling approach has begun to model the potential
benefits — including cost savings from preventing structure damage, and total costs to the
community - of installing widespread, small-scale green infrastructure practices as a
compliment to capacity expansion capacity in the gray storm sewer systemsz. This approach, in
particular, is an important strategy for combining community resilience, watershed health and
flood damage prevention. Another approach that may be of use, where specific investments
are being considered, is to evaluate the non-flood related benefits, compare these to costs, and
evaluate what level of hydrologic function restoration would be required to make an
investment economically feasible.

*vermont Agency of Natural Resources Climate Change Adaptation Framework. Vermont Agency of Natural

Resources, 2013
(http://anr.vermont.gov/sites/anr/files/specialtopics/climate/documents/Adaptation/2013.0610.vtanr_.NR_CC_Adaptation_Framework_Repor
t.pdf).

32 Wickenkamp, Jeff , “Green Infrastructure: Climate, Design and Planning Tools.” Presentation at the American
Planning Association Planners Training Service Workshop, Chicago, IL, Nov. 4, 2013.
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In conclusion, in the guidance for this model, planners should be encouraged to look for climate,
hydrologic, and watershed models that have made projections of flood-related issues, and
yielded geospatial outputs that can be used in the CommunityViz model to generate future
scenarios. Engineering and flood control do not incorporate the dimensions of economic and
social resilience, or the testing of community planning options, that planners can offer to
inform vital decisions about investments and infrastructure. Some of the information planners
should seek out, and the model should enable to be incorporated, includes:

e Potential applications of the principles and approach in the recent EPA work on Flood
Loss Avoidance Benefits of Green Infrastructure for Stormwater Management to
adjusting the horizontal extent of floodplains under different green infrastructure
scenarios.

e GIS or geospatial outputs and maps showing projected inundation areas from local area
drainage plans, hydrology/hydraulic studies, or stormwater master plans should be
incorporated into the model as baselines for different scenarios related to growth, land
use change, and investments in the storm drainage system. These studies also will
provide an excellent source of information on the capital and operation & maintenance
cost of alternatives, which feeds into the study’s cost evaluation function.

e If afloodplain study has been completed with options for flood control or storage, and
maps of corresponding risk to downstream areas, this information would be especially
valuable.

e State offices may have mapping or areas mapped as fluvial erosion hazard (FEH) areas or
as historically flood-prone, but outside the FIRM mapped areas, which can be
incorporated into a local model as priority land use areas for conservation, reducing the
density of development and imperviousness, or installing green infrastructure practices.

e Where downscaled climate models include projected future flood scenarios under
climate change, these boundaries can and should be included in the model.

D. Use of Scenario Planning Models in the Public Engagement Process

Scenario planning models have become increasingly common in public engagement processes
and their benefits are widely recognized and well-studied.*® However, models can vary
considerably in their goals, function, operation, level of sophistication, and many other aspects.
Here we highlight particular characteristics that any scenario planning model (including CRSPM)
should possess to maximize its effectiveness in public engagement.

Even before addressing the model itself, it should be emphasized that any model needs to be
used as part of a thoughtfully designed and carefully executed planning and public engagement
process. In a public engagement setting, the model is serving the role of a decision-support
tool: its job is to help people make informed, collaborative decisions. In other settings it may

33 See, for example, Prediction: Science, Decision Making, and the Future of Nature, edited by D. Sarewitz, R.A.
Pielke, Jr., and R. Byerly, Jr. Island Press, 2000. Also see the list of publications at
http://placeways.com/PDFs/articles/PublicationList_2015.pdf
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also provide predictions, detailed modeling results, and a sophisticated technical modeling
framework, but in this setting its function is to work with people. Planning is both a technical
and a political activity. Ideally the modeling tool supports both of these dimensions, but in no
case does it completely replace the people and processes required. In the case of CRSPM, our
intent will be to test the model in the context of a formal process such as that of the National
Charrette Institute (NCI).>*

The National Charrette Institute has developed a charrette planning system that is fully
compatible with traditional planning processes for both comprehensive plans and functional
master plans at various scales (see Appendix 1). The planning process involves three phases:

1. Research, Education and Charrette Preparation;
2. The actual Charrette event; and
3. Plan implementation.

The Charrette itself is a multiple-day, collaborative design workshop, which harnesses the
energies and talents of all interested parties to create and support a feasible plan that
represents transformative community change. It is in this workshop setting (with several
feedback cycles over a minimum five day period) that the CommunityViz scenario planning
software can be used productively to build and test alternative planning scenarios and to:

e Give immediate feedback to participants regarding how these scenarios perform in

relation to selected environmental, economic and social factors; and
e Provide graphical illustrations of how these scenarios will actually appear on the ground.

Lessons Learned from Recent Post-Disaster Recovery Planning Efforts

Incorporating authentic participation from stakeholders, residents, and property owners from
within a community creates a planning effort that is more likely to be supported. Creating trust
between planners and community members is often a time-consuming but worthwhile task.
When residents and property owners are a part of the conversation about resiliency planning,
and are asked for ideas and guidance in identifying the most vulnerable areas of a community,
the outcomes are specific to and applicable within the community. Appendix 2 of this report
identifies literature relevant to pre and post flood disaster mitigation planning efforts, and
identifies ways for planners to involve community stakeholders in the planning discussions from
disasters in locations around the United States.

Pre-disaster planning allows for clear identification of responsibilities, considers financial
responsibilities, and allows communities to assess preparedness levels. Specific examples of
engaging the community in planning efforts surrounding flood disaster mitigation can be found
in Appendix 2. One example is within Vermont’s Department of Housing and Community
Development report where a series of workshops with community members and the regional

3 See http://www.charretteinstitute.org/charrette.html
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planning commission identified and prioritized potential projects for future flood mitigation.
The post-Irene Vermont workshop example uncovered three main themes for moving forward
that can guide pre-planning in other communities:
- Brainstorming with community stakeholders to identify and locate ways to build
to reduce impacts from future disasters.
- Community wide understanding of watershed dynamics.
- Mitigation measures for buildings and infrastructure within the floodplain.

The ideas developed and incorporated into community plans are aimed to increase interest,
participation, awareness and communication surrounding flood hazard mitigation. Additionally,
utilizing mapping tools to show flood extents, offering workshops regarding easy ways
landowners can help mitigate runoff, as well as creating warning systems via text or phone call
to alert residents to clear drainage infrastructure from debris before a storm hits are all ways to
reach out to communities and get stakeholders involved, and require systems set in place
before a disaster to accumulate the knowledge bank necessary to follow through once disaster
strikes.

Model Functionality in Relation to Community Engagement Goals

Regarding the model itself, the following major goals apply:

1. Interactive. It should support interactive, two-way information exchange between the
model and the audience. In other words, it should be able to both talk to and hear from the
user. The “talking” is through presentation of maps, data, options, constraints, modeling
results, and so on. “Hearing” means accepting user-provided inputs or queries such as
what-if sketches on the map, changes to modeling assumptions, or informational notes and
data. Furthermore, the time lag between model input and output (hearing and talking)
needs to be short enough to maintain a continuous line of thought—usually not more than
10 or 15 seconds at a time. Research on scenario modeling regularly confirms the
importance of this kind of interaction regarding the effectiveness of these tools. For CRSPM,
this means that it will not be enough to simply display flood hazards on a map or even flood
hazards and mitigation scenarios. It will also be necessary to provide users with tools for
experimenting, testing, and exploring various options on their own.

2. Accessible. It should be accessible to broad audiences with diverse expertise, backgrounds,
and perspectives. Overall this implies obvious accommodations such as plain English
terminology, readily available explanations for technical terms or concepts, and an
appropriate, not-too-deep level of detail. For most audiences, visual means of conveying
information are best, implying the need for maps, charts, and diagrams. Similarly, public
audiences tend to do better with summarized and simplified results. A segment of the
audience, however, will likely prefer textual and tabular reports to visuals, and some
individuals may seek out details regarding modeling techniques and disaggregated results.
CRSPM therefore will need to offer several alternative or layered presentation modes that
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provide both visual, high-level information and the ability to drill in more deeply and
provide complete transparency regarding the logic, data, and assumptions used.

3. Accurate and Sufficiently Precise. Modeling results need to be accurate in the sense that
they reliably inform the decisions being made. For example, if there is a choice between A
and B and the model says A performs better in some dimension than B does, that assertion
by the model must be correct. However, no model is perfect and the level of precision
required in a public engagement setting is often lower than that required in more technical
or implementation-oriented contexts. In fact, to aid in understanding it is sometimes
preferable to use purposely round figures and aggregated results when presenting modeling
results, so long as those approximations do not compromise accuracy. For CRSPM, this
means that simplified hazard models (such as the “bathtub” flood elevation technique
mentioned above) are sufficient, particularly if they run faster on a computer and therefore
support better real-time interaction.

4. Portable and Localizable. “All planning is local,” as the saying goes, and so must be the
model. It must be capable of specifically addressing local conditions wherever it is used. At
the same time, the goal is to create a single tool that can be used anywhere in the U.S.
Scenario planning practice regularly demonstrates that generic examples are not nearly as
compelling or useful as modeling tailored to the actual location where plans are being made.
From the perspective of software design this requirement is somewhat onerous because it
means building in the ability to work with non-uniform data, making parameters variable,
and adding additional options and flexibility to accommodate variations from place to place.
Fortunately, the CommunityViz platform provides strong capabilities in this regard, so
CRSPM will only need to be sure to take advantage of the features available.

E. Conclusions and Recommendations

Today’s planners find themselves at a confluence of three major trends: growing urgency for
improving community resilience in the face of an increasingly hazardous climate; increasing
recognition of the importance and potential of meaningful public participation in resiliency
planning; and the steadily improving utility of planning and visualization technology that can
connect community members with relevant science and information. We are approaching a
point in history when resiliency planning can and should be rising in the consciousness of
communities, and when improved tools and processes for public participation can make that
planning better informed, more collaborative, and more effective.

In this paper we have suggested an integrated planning framework that can move the practice
forward. It includes an interactive and visual planning model, an informed awareness of
technical issues, and strong integration with an effective public engagement process. By
building and field-testing this framework, we will discover more about what new innovations
are possible, feasible, and effective in helping planners and communities find success in the
increasingly important work of creating resilient communities for the hazards of the future.
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In going forward, it will be important to give further attention to how the use of scenario
planning tools can respond to community engagement goals and needs. For example, if
attracting a broad and diverse audience is one of the goals of community engagement for a
particular planning process, it will be important to identify at an early stage the technical
capacities of scenario planning tools that will be used to respond to this goal. This evaluation
can be best accomplished once the specific parameters of a particular planning process, such as
scale and topical scope, have been determined.
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Appendix 1: National Charrette Institute (NCl) — Charrette System

THE NCI CHARRETTE SYSTEM™

The NCI Charrette System™ is more than the charrette.

It is a design-based, accelerated, collaborative project management
system that spans the entire pre-construction period. It is a proven,
flexible, three-step framework that can be customized for your project,
The NCI Charrette System™ is used by public and private planners,
designers, architects, developers and community activist to use for:
Sustainable community and building design

Regional and comprehensive planning

Master planning

Transportation/infrastructure planning

Code/policy writing

Development projects

A NCI Charrette is more than a one-day event.

It is a multiple-day, collaborative design workshop - the
transformational event of the NCI Charrette System™. It hamesses the
talents and energies of all interested parties to create and support a
feasible plan that represents transformative community change. A NCI
charrette is:

» At least five consecutive days, allowing three design feedback

loops
* An open process that indudes all interested parties
« Focused on preducing a feasible plan with minimal rework

For more on charrettes see below or see our FAQ page,
Three Phases of the NCI Charrette System™

Research, Education, Plan
Charrette Preparation Charrette Implementation

s Qs Q)

The NCI Charrette System™ is a three-phase, holistic, collaborative
planning process during which a multiple-day charrette is held as the
central transformative event. The process commences with the Charrette
Preparation Phase, followed by the NCI Charrette acting as 3 fulcrum at
the middle phase, and closes with the Plan Implementation Phase. See
our YouTube Channel to view videos on the NCI Charrette System™.

Benefits of the NCI Charrette System™
Compared to conventional planning processes that take years of endless
meetings, the NCI Charrette System™:

Saves time and money through
* Reduced rework via short design feedback loops
* Time-compressed work sessions

« Creation of broad support from community membars,
professionals, and staff

Increases probabllity for implementation through
* An integrated team design process
« Early focus on engineering and finance
» Bringing all decision makers together for a compressed period of
time
Promotes trust between citizens and government through
* Meaningful public involvement and education in which input may
effect the outcome
+ The building of long-term community goodwill
« Broad stakeholder involvement - no one takes over
Results in the best sustainable design through
« Integrating all viewpoints throughout design
« Uninterrupted, focused team design sessions
» Design based on shared guiding principles
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What happens at a NCI charrette?
NCI Charrette Feedback Cycles (over 5 days minimum)

public meeting public meeting open house public meeting
vision input review confirmation

£y £y £

7 7 7
alternative preferred plan

concepts plans development
The charrette is the transformative event of the NCI Charrette System
and occurs from 6-weeks to 9-months after the completion of the
Research, Education and Charrette Preparation Phase. Itis 2
collaborative design event that lasts 3 minimum of 5-days. The goal of
the charrette is to produce a feasible plan with minimal rework that
benefits from the support of all stakeholders through its implementation.
This support is facilitated by the ability of the charrette to transform the
mindsets of the stakeholders. (See blog discussion on charrettes for
sustainable community design.)

A multidisciplinary charrette team, consisting of consultants and sponsor
staff, produces the plan. Stakeholders - those being anyone who can
approve, promote or block the project as well as anyone directly affected
by the outcomes - are involved through a series of short feedback loops
or meetings. Most stakeholders attend two or three feedback meetings
at critical decision-making points during the chamrette. Note that
stakeholders are not at the charrette all the time. These feedback loops
provide the charrette team with the information necessary to create a2
feasible plan. Just as importantly, they allow the stakeholders to become
co-authors of the plan so that they are more likely to support and
implement it. (See bleg discussion on stakeholder involvement.)

A major reason the charrette needs to last at least 5-days is to
accommeodate 3 feedback loops, the optimal number for gaining
stakeholder understanding and support. Projects with challenging design
problems and/or politics can last for 7-days or more. {See blog
discussion on charratte length.)

Charrettes takes place in a charrette studio situated on or near the
project site. The charrette team first conducts an open public meeting to
solicit the values, vision, and needs of the stakeholders, The team then
breaks off to create alternative plans or scenarios, which are presented
in a second public meeting usually 2 day or two later. The team then
synthesizes the best aspects of the altematives into a preferred plan
that is developed in detail and tested for economic, design and political
feasibility, The charrette condudes with a comprehensive presentation at
a final public meeting. (See Charrette Feedback Cyde diagram zbove.)

After the charrette, the project enters into the Plan Implementation
Phase of the NCI Charrette System™. During this phase the charrette
team tests and refines the charrette plan. Communication with
stakeholders also continues through e-mail, websites, blogs, and
possibly social media. During z follovi-up public meeting, held no later
than 6-weeks after the charrette, the refined plzan is presanted for
another feedback session(s). The results and process of all 3 charrette
system phases are summarized in a final project report ready for agency
approvals.
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Review of Articles and Planning Documents -
Lessons Learned from Post-Disaster Recovery Planning
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Focus: environmental,

Document Name: Source: Lessons Learned: economic, or social? |Examples of community engagement opportunities
Program called ‘Rapid Repairs’ created by Michael Bloomberg  |economic Identify funding sources to create a similar program that would
and FEMA - provided access to resources so residents could allow for household repairs to happen quickly so residents could
Hurricane Sandy’s APA Planning stay in their homes (heat, hot water, power systems) - allowed stay within their own homes rather than require temporary shelter

Wake-Up Call Magazine, Feb. 2015 |reductions in temporary housing
Optimal coastal protection - create a multilayered approach - environmental Create a checklist with stakeholders, property owners, and
diversify infrastructure resiliency, reduce dependence on single residents to identify the most important and most vulnerable
engineering solution (ex. Levees in New Orleans that failed, city’s aspects of the community
biggest line of flood defense) SIRR - says an integrated system
approach is scalable to fit multiple budgets and allows for quick
implementation.
SIRR - different coastal areas have varying degrees of risk, Create a checklist with stakeholders, property owners, and
therefore require tailored protections specific to the location and residents to identify the most important and most vulnerable
needs environmental aspects of the community
Reliance on federal funding (Disaster Relief Appropriation Act
2013) is inadequate to fully fund rebuilding and the private sector
must be tapped to have enough funds to create the best
protection for resiliency economic Identify or create funding sources
FEMA Work Maps - created after Sandy - within 100 year
floodplain identified over 67,000 structures (this was twice the
amount of a 1983 Flood Insurance Rate Map) environmental Mapping of vulnerable buildings within floodplain
[TRE PIIVate-PuBiic

Partnership: How
Lessons Learned from
Disaster Relief and
Reconstruction Efforts
in Post-Katrina New
Orleans can be applied
to Post-Sandy New

University of Baltimore
Journal of Land and

Due to dispersal of residents of New Orleans there was no way

Create fracking system or check in system of where people are

York and New Jersey |Development) for them to know they'd been evicted by a note on the door social relocated
Cooperative public-private parinerships are best way o address
widespread post-event destruction social Create partnerships in advance of disaster
[Street-Scale Modeling
of Storm Surge
Inundation along the Journal of
New Jersey Hudson Atmospheric and
River Waterfront Ocean Technology Need for temporary housing (displacement)No electricity social Identify locations for temporary housing in case of displacement

California Adaptation
Guide: Defining Local
and Regional Impacts

California Adaptation
Guide

Potential contamination of potable water.
Potential evacuation and temporary or permanent displacement.

sociallenvironmental

Create preparedness checklists for disaster supplies.
Identify locations for temporary housing in case of
displacement.

Flood Ready - State of
Vermont - Protecting
Vulnerable Settlements

vermont.gov

Locate ‘safer locations’ for rebuilding and future construction

social/environmental

Identify. community's goals, values, vision. Areas needing
protection

Mitigate areas needing protection

environmental

Identify brownfield sites, identify current community assets

Identify residents within floodplain

social/environmental

Creation of "Hood Safe Listserve’ - support for relocation and
elevation projects
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Lessons Learned from Post-Disaster Recovery Planning

[OISasteT KECOVETyY and
Long-Term Resilience

Bt Vermont.qov
Planning in Vermont

_ http://accd.vermont.go
See Appendix A: v/siteslaccdfiles/Docu

Community Checklist to[ments/strongcommunit| Create policies to avoid development on steep slopes. Adopt
Improve Long-Term ies/cpriVermont%20S |green infrastructure and stormwater management policies and

Flood Resilience GIA%20Guidance%?20 |implementation. Adopt a regional approach to addressing how to
‘Overall Strategiesto  [Document%20FINAL |mitigate stormwater in communities (slow down and absorb Educate on green infrastructure strengths and reasons for
Enhance Resilience’ pdf stormwater). environmental implementation
Offer education on what to do ahead of flood disaster, and
community workshops that bring together residents,
Encourage land owners to implement pre disaster mitigations. stakeholders, and property owners to create visions of
Relocate peoplefassets away from hazard areas environmental new developments outside of hazard areas
[AUGTSEFT 2015 APA
Planning Magazine https:/iwww.plannin |Part of planners job - get the right people into the conversation
‘Preparing for the Next |g.org/planning/2015/ |about how to create resilience in the community
Big One’ aug/nextbigone.htm |Padlitical leadership - critical for planning outcomes social Identify leaders within community
Hoboken’s Post-Sandy Identified need for policies that support financial resilience as Create incentives for people to choose wisely and take
Resilience well as infrastructure resilience sconomic necessary steps towards reducing flood impacts

Two main deterring factors from literature:
More than half of people surveyed said they don’t feel the state or
local gov’'t understand their regions climate change

Public Support for needs/implications ~%: don't trust the media to properly inform
Policies to Reduce Risk them Additionally, an overall distrust of the federal gov't (in NJ Create a proactive and ongoing discussion between community
After Hurricane Sandy and other states) social members and responsible parties
The longer it takes for (university, gov't, outreach group, efc) o  |Social Create engagement strategies and hold regular meetings and
create this dialogue between themselves and the community, the outreach

harder it will be to engage the community and earn their trust
(until the next big event occurs)

Discussions within community about conservation, creating

regulations for and implementing green infrastructure social/economic Incentivize conservation easements (reduce property taxes)
Creation of stormwater fees within community
Develop funding framework for green infrastructure Incentivize stormwater fees, which encourages retrofitting of
implementation economic existing property
Using ArcGIS tools, the state of Vermont with the "Vermont economic/environmental |Create and/or utilize GIS layers that identify flood hazard areas in
Rivers Program' created a GIS model of the rivers in the state. communities.
ArcGIS Improves The GIS layer that was created is offered on the states' website
Vermont's Flood for communities to utilize for identification of vulnerable flood
Resiliency ArcNews Spring 2016 |hazard areas.
Vermont.gov October
2012

http://accd.vermont.go
v/sites/accdffiles/Docu
ments/strongcommunit

Community Recovery [ies/cprfCRP_Report10 Identifiy and engage residents, businesses, places of worship,

Partnership Report _2012_F pdf commnity organizations, etc. to be involved in the planning
Identify ways for flood-proofing” homes and businesses - hold
workshops

Appoint a ‘point person’ or people within the community to lead
and have authority for decision making
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Appendix 2

Review of Articles and Planning Documents -
Lessons Learned from Post-Disaster Recovery Planning

Develop an emergency response plan within the community (and
within households)

Identify alternate point people

Ensure coordinator 'point person’ has skills, knowledge, and
ability to respond - This was lacking in the Vermont post-Irene
example

Hold regular meetings and participate in disaster drills

Identify vulnerable popultions within community - special needs,
those with pets or livestock, elderly

Reach out to animal shelters ahead of time 1o see If able to take
in animals during disaster

Offer drills, workshops, and exercises on what to do in case of
disaster

Pay attention to alerts and warnings - identify what needs to be
done ahead of disaster (set up temporary shelters, clean debris
from storm drains, efc.)

Offer a variety of communication channels - not everyone will
have electricity, cell phones, social media, etc. - use bulletin
boards, door to door, printed newsletters, email, etc.

Establish relationships with neighboring communites

Clearly define terminology - 'infrastructure’ can mean different
things to different people (roads and bridges, houses, utility
poles, etc.)

Identify or create local flexible fundraising opportunities for
immediate recovery - faith-based, or neighborhood based

Review insurance policies

Getting to Resilience -
A Coastal Community
Resilience Evaluation
Tool

New Jersey
Department of
Environmental
Protection
hitp:/iwww_state.nj.us/
dep/cmp/docs/gtr-
resilience pdf

Educate public about past storm impacts

environmental

Create surveys, focus groups, and particpatory mapping to
identify community vulnerabilities, resources, and perspectives

Educate public about natural beneftis of floodplains

environmental

Provide informational pamphlets during once yearly strom
preparedness outreach

Educate public on structures within floodplain

environmental

Provide floodplain maps and do once yearly outreach to
residents within floodplain

Offer workshops or infomation on website about what to include

Create family/household preparedness plan social in a disaster kit, plan for disaster

Identify within the community the assets and locations for ideal
Offer evacuation routes, bus pick-up locations, severe weather evacuation sites, animal drop off locations, and emergency
shelter, and pet shelter information social shelters
Create registery of 'special needs’ situations in event of Create surveys, focus groups, and particpatory mapping to
emergency social identify community vulnerabilities, resources, and perspectives

Identify flood mitigation tactics

environmental

Provide ways for homeowners and business owners to mitigate
and prepare for floodwaters






