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Flooding ) adopt often work at cross purposes and encourage development in areas at risk of current and
Sea Levkel l;“sf future flooding. There have been calls for a more coordinated approach to planning for current
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Resilience ical vulnerability to flooding in the network of different city plans that shape land use and steer

development in Boston, MA and Fort Lauderdale, FL. Unlike previous applications of this
approach, we look at how the plan network is changing over time. Between 2015 and 2019,
attention on climate change grew in both cities, as did the number of plans and policies across the
network with the potential to decrease physical vulnerability. New types of plans, such as climate
change adaptation plans, play an important role in reducing flood risks. However, plans
perpetuate past disparities in policy attention. As the first study to analyze how city networks of
plans and their potential impact on resilience evolve over time, this work has important impli-
cations for planning scholarship and practice as well as hazard and climate change governance
more broadly.

1. Introduction

Coastal communities are experiencing ever greater flood damages. Flood costs are increasing as a result of rising sea levels and
more intense storms caused by climate change and continued development in flood-prone areas (Central, 2019; Hallegatte et al., 2013;
Kousky, 2014; Moser, 2012). This problem is widely recognized in both research and practice, and has sparked calls for more proactive
planning to reduce flooding risks in coastal communities (Aerts et al., 2014; Brody et al., 2007; National Research Council, 2014).
High-profile initiatives such as the 100 Resilient Cities program and National Disaster Resilience Competition have channeled millions
of dollars into coastal cities like New York City to ostensibly reduce vulnerability to flooding, among other hazards (Finn et al., 2019).
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Yet it remains unclear whether planning for flood hazards is improving.

Besides climate change, research suggests that a major reason that flooding costs are increasing is because of planning decisions
about where and how to develop buildings and other infrastructure (Brody et al., 2007; Burby et al., 1999; Godschalk et al., 1998;
National Academies of Sciences, Engineering, and Medicine, 2019). These decisions are laid out in different types of plans that can
increase or decrease vulnerability. In addition to comprehensive plans and hazard mitigation plans, communities often have trans-
portation plans, housing plans, and open space plans that influence where and how development occurs (Berke et al., 2015).
Collectively, these interrelated plans are referred to as a “network of plans” (Berke et al., 2015). Spatial analyses of policies in plans
reveal that they often work at cross purposes and encourage development in areas currently at risk of flooding or at future risk of
flooding (Berke et al., 2019a). This recognition has led to calls for a more coordinated approach to hazards planning that considers how
vulnerability to hazards is addressed across the full network of plans (Malecha et al., 2019; Yu et al., 2020). Integrating flood miti-
gation across plans would not only help reduce flood damage costs, but also likely avoid conflict and duplication, increase imple-
mentation, and promote synergies across planning efforts (Birchall and Bonnett, 2021; Runhaar et al., 2018).

While assessments of the full network of plans represent an important innovation over studies of a single plan type, they only
provide a snapshot in time. The reality is that planning is dynamic, and plans are evolving instruments that undergo continual revisions
and updates. Plans adapt over time to changing conditions, needs, and experiences of a community (Brody, 2003). Moreover, in many
countries and states communities are required by law to regularly update comprehensive or general plans. In the U.S., the Federal
Emergency Management Agency (FEMA) mandates that hazard mitigation plans be updated every five years to remain eligible for
grant funding.

At the same time, cities are beginning to create new plans like climate change adaptation plans and resilience plans to address
growing flood and hazard risks (Meerow and Woodruff, 2020). For example, the Rockefeller Foundation’s 100 Resilient City program
provided 100 cities worldwide with funding and resources to hire a chief resilience officer and develop a resilience plan. Cities within
the program took very different approaches to organizing these resilience efforts (Fastiggi et al., 2020) and the resulting plans are quite
variable (Fitzgibbons and Mitchell, 2019; Meerow et al., 2019; Woodruff et al., 2018b). Consequently, it is unclear how these plans fit
within existing networks of plans, and what impact they will have on overall vulnerability to flooding.

Few studies examine how plans have evolved over time (Brody, 2003). There is a well-established literature examining the content
and quality of the multiple types of plans cities adopt that affect flood risk individually (Lyles and Stevens, 2014; Lyles et al., 2014;
Woodruff and Stults, 2016) and a growing body of work also explores how multiple plans interact to affect vulnerability (Berke et al.,
2019a; Berke et al., 2019b; Malecha et al., forthcoming; Malecha et al., 2018; Yu et al., 2020), but longitudinal studies are sparse
(Brody, 2003). An analysis of Melbourne’s and Stockholm’s comprehensive plans since 1900 found that plans increasingly recognize
ecosystem services, but services of interest change across plan updates, raising doubts about the ability of planning to guide long-term
ecological governance (Wilkinson et al., 2013). Maccallum and Hopkins (2011) use discourse analysis to examine how plans in Perth,
Australia from 1955 to 2010 reflect persistent themes and changing priorities in larger planning discourse. For instance, all the plans
reflect the idea that planning is a technical activity despite the increasing emphasis on economic goals and politicization of planning
topics. A case study of seven communities severely affected by flooding found that communities updated their flood policies and
programs after the flood, demonstrating learning (Albright and Crow, 2019). In a longitudinal study of 60 local comprehensive plans in
Florida and Washington, Brody (2003) found that plans improved between 1991 and 1999.

This lack of longitudinal planning assessments appears to be part of a broader problem: namely that we know very little about how
or why city resilience is changing over time. A recent report by the US National Academies of Sciences, Engineering, and Medicine
(2019, 9) concluded that there is a critical need for longitudinal research on resilience. “Long-term, periodic, comprehensive resilience
assessment remains an unmet need... A new kind of research is needed that: (1) can address the dynamic state of communities and their
changes in risk and resilience over time”.

This study helps to address this gap by comparing the number and spatial distribution of policies that may affect physical
vulnerability to flooding across the network of plans at two points in time. We focus on the following research questions:

How has the network of plans’ combined potential effect on physical vulnerability to flooding changed over time? Namely, how
have the number and spatial distribution of policies that may increase or decrease physical vulnerability to flooding changed?

What is the influence of new types of plans on vulnerability? Specifically, how has the emergence of climate change adaptation and
resilience plans impacted the policies in plans that have the potential to affect physical vulnerability to flooding?

We answer these questions through an analysis of plans from two coastal U.S. cities, Fort Lauderdale, FL and Boston, MA. The next
section introduces these two case study cities and outlines the methodological approach. We describe how the assessments of each
city’s plan network change over time, and discuss the implications of these longitudinal findings for urban planning, hazards, and
climate change scholarship and practice.

2. Methods

We apply the Plan Integration for Resilience Scorecard (PIRS) methodology (Berke et al., 2015; Malecha et al., 2019) to spatially
evaluate the impact of city plans on physical flood vulnerability in Boston, MA and Fort Lauderdale, FL. We include all plans that were
adopted by city agencies that contain policies intended to guide the use, location, density, and design of urban development in flood
hazard zones. The PIRS analysis was conducted for plan networks in both cities in 2015 and in 2019.
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2.1. Plan integration for resilience scorecard (PIRS)

To determine the implications of policies proposed in plans for long-term flood risk, we used the PIRS. Developed by Berke et al.
(2015), PIRS is a tool to spatially evaluate the potential impacts of plan policies on physical vulnerability to flooding. We define
physical vulnerability as a function of the exposure and sensitivity of infrastructure (including homes, other buildings, amenities, and
transportation). Exposure is determined by geographic location in hazard zones, in this case the current floodplains and future sea level
rise zones. Sensitivity refers to the degree to which the asset or system is affected by flooding. Policies may reduce exposure by
relocating infrastructure out of flood zones or reducing sensitivity, for example through higher design standards (e.g. elevation re-
quirements) or drainage improvements. We do not assess policies related to social vulnerability, although we recognize that they play
an important role in overall community resilience (Cutter et al., 2003). Since it was first developed, the PIRS method has been applied
to numerous cities in the U.S. and internationally (Berke et al., 2019a; Malecha et al., 2018; Malecha et al., 2021; Yu et al., 2020) and
translated into a practitioner-oriented PIRS Guidebook (Malecha et al., 2019). This is the first study that has used PIRS to evaluate
change over time. Specifically, we examine how the number and spatial distribution of policies that may affect physical vulnerability to
flooding across the network of plans changes over time.

PIRS is one of the few and the most established methods to analyze a network of plans or the multiple plans that collectively guide
development in a community (Woodruff, 2018). PIRS draws on content analysis approaches to identify and score policies (Berke et al.,
2015). Building on earlier work to create an information system of plans (Finn et al., 2007), the unique strength of PIRS is spatially
assigning and analyzing the coded policies. By spatially mapping policies from multiple plans, PIRS examines the spatial implications
of plan policies, how policies from multiple plans relate to each other, and the combined implication of the network of plans for
different areas of the community. Using PIRS, we identified policies in each plan that could affect physical vulnerability to flooding and
scored the policies on whether they would likely increase or decrease vulnerability, and spatially mapped them. We then spatially
layered the policies from each plan to determine the overall potential effect on physical vulnerability.

First, we divided each city into district-hazard zones. By dividing cities into smaller districts, we could examine how plans and
policies may affect neighborhoods differently. In Boston, we used neighborhoods produced by Boston Redevelopment Authority as the
basis for districts. In Fort Lauderdale, we used the 2010 Census block groups, since the city did not have clear planning districts, but
then added four Regional Activity Centers that were outlined in the city’s 2008 comprehensive plan. These districts were then
intersected with two hazard zones — the 100-year floodplain and projected sea level rise for 2100. The 100-year floodplain, or the area
that has a 1% chance of flooding in a given year, was included to examine how plans potentially address or increase current flood risk.
To map the 100-year floodplain, we used data from FEMA. We included the sea level rise projection to understand how city plans affect
long-term flood risks. To map future sea level rise, we used the most recent projections from the National Oceanic and Atmospheric

Table 1
Example policies included in the plan integration for resilience scorecard (PIRS) analysis. For each policy, we provide the score and a short justi-
fication for inclusion, scoring, and spatial assignment.

Plan Policy Score  Justification

Boston 2017 Resilience 12-2: Strengthen policies that encourage the production -1 Additional development, applied to district-hazard
Strategy and maintenance of deed-restricted low-, moderate-, and zones containing surplus city parcels

middle-income housing....the reuse of surplus City
parcels...

Boston 2014 Hazard Adopt a Wetlands Ordinance that includes sea-level rise +1 Protects wetlands and their flood mitigation potential,
Mitigation Plan and develop new floodplain maps that incorporate applied to district-hazard zones containing wetlands

projected climate change to mitigate flood hazards

2016 Climate Ready Boston Revise the zoning code to support climate-ready buildings ~ +1 Prepares buildings for flooding and sea level rise,

[...] ensure regulations on the use, height, and bulk of applied to all district-hazard zones
buildings promote and do not discourage climate- ready
new construction and retrofits.

2017 Coastal Resilience Establish a Flood Protection Overlay District and require +1 Enhances flood protection, applied to all district-hazard
Solutions for East Boston potential integration with flood protection systems zones in small area plan jurisdiction (e.g. East Boston
and Charlestown and Charlestown)

Boston 2004 Roxbury Master The intersection of Melnea Cass Boulevard, Tremont -1 Encourages development in area at risk of flooding,
Plan Street and Columbus Avenue [I] is a prominent location in applied to district hazard zone containing specific

Roxbury. The development of the remaining parcels in intersection
this area should take full advantage of Transit-Oriented
Development strategies.

Fort Lauderdale 2008 To have the lowest floor elevation no lower than the +1 Updates building requirements to reduce flooding,

Comprehensive Plan elevation or the respective area depicted on the 100 Year applied to 100-year floodplain district-hazard zones
Flood Elevation Map. Retain the first inch on storm water
runoff on-site.
Fort Lauderdale 2011 Encourage infill development or reuse/ rehabilitation of +1 While infill is encouraged, policy specifically notes that
Sustainability Action Plan existing structures [...] infill will be encouraged in concert this development should avoid areas that are vulnerable
with water inundation map that discourages development to flooding; applied to all district-hazard zones
in low lying, vulnerable areas regarding climate change.
Fort Lauderdale 2018 Draft Support further development of marine industries in -1 Encourages additional development in area at risk of

Comprehensive Plan

Foreign Trade Zone No. 241 as administered by the Fort
Lauderdale Executive Airport

flooding, applied to district-hazard zones that intersect
foreign trade zone no.241
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Administration (NOAA; Sweet et al., 2017). Intersecting neighborhoods with the flood zones resulted in 46 district-hazard zones in
Boston and 115 district-hazard zones in Fort Lauderdale.

The second step in the PIRS analysis was to collect relevant policies from plans. Two researchers independently read each plan and
collected policies that met three criteria: (1) The policy contains a recognizable policy tool; (2) The policy is spatial (e.g., parks, vacant
lots) and can be mapped using publicly available GIS data (including policies that apply across the entire city), and; (3) Implementing
the policy in a flood prone area will increase or decrease physical vulnerability to flooding. In this study, we focused on policies that
affect physical vulnerability to flooding by influencing exposure (where) and sensitivity (how and what) of development in a city.

Policies were then scored based on their effect on vulnerability. Policies that reduce physical vulnerability received a score of + 1.
Policies that increase physical vulnerability received a score of —1. As outlined in Table 1, the policy to “Encourage infill development
or reuse/ rehabilitation of existing structures [...] infill will be encouraged in concert with water inundation map that discourages
development in low lying, vulnerable areas regarding climate change” from Fort Lauderdale’s Sustainability plans is scored ‘+1’
because it reduces vulnerability by limiting exposure of future development. In the Climate Ready Boston Plan, the policy to “Revise
the zoning code to support climate-ready buildings” reduces sensitivity of future development and is also scored policies scored ‘+1°.
Policies that increase development in areas exposed to flood hazards but include flood measures to reduce sensitivity were considered
to have a neutral effect on vulnerability and were not scored. For example, “Create a Climate-Resilient Waterfront...As new building
infrastructure will have an anticipated lifespan of 50 to 100 years, the implementation of climate smart development principles will be
a necessity” (Boston Redevelopment Authority, 2017, p 35) increases vulnerability by encouraging development in the highly flood
prone waterfront, but also reduces vulnerability by intending to protect new development against future floods. Again, two researchers
independently scored each policy.

Each policy was then assigned to district-hazard zones. To help map policies, additional geospatial data was collected as needed.
For example, if a policy mentions vacant lots, we collected and mapped geospatial data on vacant lots to help identify in which district-

Table 2
List of plans included in 2015 and 2019 analysis for Boston and Fort Lauderdale.

2015 Scorecard

2019 Scorecard

Boston

2004 Roxbury Strategic Master Plan*
2014 Housing a Changing City

2008 Hazard Mitigation Plan

2008 Open Space Plan

2014 Greenovate Boston

2011 Columbia Point Master Plan

2004 Roxbury Strategic Master Plan*

2014 Housing a Changing City

2014 Hazard Mitigation Plan

2015 Open Space & Recreation Plan

2014 Greenovate Boston

2011 Columbia Point Master Plan

2015 South Boston Waterfront Sustainable Transportation Plan
2015 Blue Hill Cummins Plan

2016 Climate Ready Boston

2017 Boston Resilience Strategy

2017 Downtown Waterfront Municipal Harbor Plan

2017 Go Boston 2030

2017 Raymond L. Flynn Marine Park Master Plan Update
2017 Coastal Resilience Solutions for East Boston and Charlestown
2017 Imagine Boston 2030

2018 Capital Planning

2018 Boston Water and Sewer Commission CIP

2018 Coastal Resilience Solutions for South Boston

Fort Lauderdale

2007 Downtown Master Plan

2007 Davie Boulevard Master Plan

2008 Comprehensive Plan

2008 Downtown New River Master Plan

2008 North US1 Urban Design Plan

2011 Riverwalk District Plan

2011 Sustainability Plan

2012 Broward County Enhanced Local Mitigation Strategy
2013 Fast Forward Fort Lauderdale Vision Plan

2014 Bridges Master Plan

2014 Downtown Master Plan-Transit Oriented Development Guidelines

2018 Draft Comprehensive Plan

2008 Downtown New River Master Plan

2008 North US1 Urban Design Plan

2011 Riverwalk District Plan

2011 Sustainability Plan

2017 Broward County Enhanced Local Mitigation Strategy
2013 Fast Forward Fort Lauderdale Vision Plan

2014 Bridges Master Plan

2014 Downtown Master Plan-Transit Oriented Development Guidelines
2015 Canal Dredging Master Plan

2016 Parks and Recreation System Master Plan

2018 Press Play Strategic Plan

2018 Stormwater Master Plan update

2018 Seawall Master Plan

2019 FY 2019 Commission Annual Action Plan

2019 2019-2023 Community Investment Plan

*While the 2004 Roxbury Strategic Master Plan falls outside our 10-year sampling frame, it continues to be the basis for development decisions in the
neighborhood and so was included in both scorecards (http://www.bostonplans.org/planning/planning-initiatives/roxbury-strategic-master-plan).
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hazard zones the policy would apply.

To illustrate the process, Boston’s housing plan includes a policy to “Identify and make available City- and State-owned surplus land
for developers to build mixed-income housing” (City of Boston, 2014b, 11). We include this policy because the policy tool, build mixed-
income housing, will have a tangible impact on physical vulnerability to flooding and can be spatially assigned to surplus land GIS
data. If surplus land in the current or future flood zone is developed, it would increase physical vulnerability so we scored this policy
—1. We then assigned this policy to the 12 district-hazard zones that contain city-owned surplus lots, using geospatial data available
from the City (Boston Planning and Development, 2021). We excluded policies that were not spatial like “Ensure developers, owners,
and tenants understand how climate change will impact housing and provide guidance on preparing their homes and buildings for
these impacts” (City of Boston, 2014b, 106) or where the effect on physical vulnerability to floods was unclear like “Create new,
permanently affordable units to serve extremely low-income households by converting at least 1,700 Section 8 mobile vouchers into
project-based assistance” (City of Boston, 2014b, 7).

As with all content analysis methods, there is some subjectivity in each step of the PIRS method. To ensure reliability, researchers
were trained using the PIRS guidebook and tested the approach on a shared set of training plans. Through this process, we established
more detailed, common guidelines to select and score policies. For example, we defined “spatial” to include policies that apply city-
wide and determined that adding sidewalks, bike lanes, and trails does not have a meaningful potential to impact vulnerability. To
further ensure reliability, two researchers separately completed each PIRS stage. Researchers discussed and reconciled differences in
policy selection, scoring, and spatial assignment by referring to these common guidelines. Disagreements were tracked and lingering
disagreements were discussed by the entire research team.

We report the total number of policies in each plan that may increase or decrease vulnerability. For each district-hazard zone, we
sum the score of the policies to calculate the net policy score. We also report average policy scores by averaging net scores across
district-hazard zones.

2.2. Case study cities

Since we are interested in how planning is changing in response to current and future flood risk, we apply PIRS to two cities highly
vulnerable to coastal flooding. Both Boston and Fort Lauderdale experience regular flooding and face increasing flood risks due to sea
level rise. Both are also widely regarded as leaders in resilience planning, although they have taken different approaches. Boston
released its first stand-alone climate change adaptation plan in 2016 and, since then, has developed neighborhood-scale adaptation
plans as well as integrated policies to address sea level rise and increased flooding into new city-wide plans. On the other hand, Fort
Lauderdale has focused on integrating sea level rise considerations into its existing planning framework. These cities also represent an
opportunity to combine work from an early PIRS study (Berke et al., 2019b) and new data from an analysis on social and plan
networks.

Boston is facing up to 1.5 feet of sea level rise by 2050. In 2050, the area at risk of a 100-year flood would expand to include over
2,000 buildings, representing $20 billion in real estate value (City of Boston, 2016). Areas at risk of future flooding are also those of
projected growth and development. Boston joined the 100 Resilient Cities program in 2014, and in 2017 they released their resilience
strategy. As Boston developed their resilience strategy, they prepared their first comprehensive plan in 50 years. Additionally, Boston
released their first climate change adaptation plan in 2016.

For 2015, members of our research team identified six relevant plans in Boston, MA (following Berke et al., 2019a). Table 2
provides the full list of plans analyzed. For each analysis, we aim to include all plans that influence where, how, and what development
occurs, and which consequently have the potential to shape physical vulnerability to flooding. Following earlier PIRS studies (Berke
et al.,, 2015), we include plans that were adopted or updated in the ten years before we started the analysis (2005 for the first analysis
and 2008 for the second). In some cases, we included older plans that were still guiding development. The plan lists were validated
with city officials. While including all plans adopted in the last ten years results in substantial overlap between the 2015 and 2019
scorecards, it provides a complete picture of the relevant policies at each time point. When we repeated the analysis for 2019, Boston
had adopted 14 new plans, including its first comprehensive plan in more than 50 years, a resilience plan, a climate change adaptation
plan, two neighborhood adaptation plans, and an updated hazard mitigation plan. This represents a unique opportunity to examine
how the effect of plans on vulnerability to flooding is changing over time and, in particular, how new types of plans fit into existing
networks of plans. In total, 20 plans were analyzed in Boston.

Fort Lauderdale has over 300 miles of coastline and inland waterways, is already experiencing climate change impacts including
higher storm surge, tidal flooding, and saltwater intrusion, and is expecting about two feet of sea level rise by 2050 (City of Fort
Lauderdale, 2018). The city is committed to reducing vulnerability to flooding and adapting to sea level rise, as indicated by Fort
Lauderdale’s vision: “We Are Ready”. While not part of the 100 Resilient Cities program, Fort Lauderdale is part of the Southeast
Florida Regional Climate Compact, which is recognized as a national model for regional climate collaboration (Vella et al., 2016)

For 2015 we analyzed 11 plans the city had adopted since 2005 (Berke et al., 2019b). For 2019, we analyzed 16 plans including two
updates of previous plans and seven new plans. In the 2019 analysis, we did not include plans that were adopted before 2008 — the
Downtown Master Plan (2007) and the Davie Boulevard Master Plan (2007) — because they did not fall in the ten-year sampling frame and
were no longer considered relevant for development.

2.3. Limitations

While this paper begins to address how planning is evolving to respond to increasing flood risks, there are limitations to recognize.



S. Woodruff et al. Climate Risk Management 34 (2021) 100354

First, it looks at two cities in two time periods. Given our limited sample size, we cannot draw generalizable conclusions. Future work
should apply the scorecard longitudinally in more cities, both in the US and internationally. We look at how the scorecards changed in
a four-year period; a longer time horizon would give a better sense of planning trends, since many plans are only updated once or twice
a decade. As discussed, the scorecard focuses on policies that could impact physical vulnerability, but plans include other types of
policies that influence preparation for current and future flood risk such as capacity building policies (IPCC, 2014). Moreover, our
scoring scheme does not assess the differing impact of policies on flood risk. Lastly, this analysis focuses exclusively on plans and their
policies, not implementation. Indeed, recent work suggests that many climate adaptation plans are unlikely to be implemented or have
a major impact (Olazabal and Gopegui, 2021), although research on sustainability plans suggest they do spark action (Liao et al.,
2020). Future studies should explore which policies in networks of plans actually get implemented and what their impact is on flood
resilience. While these limitations are important to recognize, the approach used here has been tested in multiple jurisdictions (Berke
etal., 2019a; Malecha et al., 2018; Malecha et al., 2021; Yu et al., 2020) and is being refined for wider use by practitioners (DeAngelis
et al., 2021).

3. Results
3.1. Changes in Boston’s network of plans

From 2015 to 2019, the number of policies in Boston’s plans that may affect physical vulnerability to flooding dramatically
increased from 59 to 243 policies. Fig. 1 shows the number of positive and negative policies for each plan from the 2015 and 2019
analyses. The increase in the number of policies is due to the creation of new plans and, in general, the approach of adopting stand-
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alone climate change and resilience plans. In the four years between our analyses, Boston adopted 14 new plans (only two of which
were updates of older plans - the hazard mitigation and open space plans). In addition to an increase in the total number of policies that
may affect physical vulnerability, we found the proportion of policies with the potential to reduce vulnerability increases. In 2015,
approximately 58% of plan policies reduced vulnerability. In 2019, that grew to 64%.

Boston’s hazard mitigation and open space plans were both updated between 2015 and 2019, allowing for direct comparisons in
how plans change. Both the 2008 and 2014 hazard mitigation plans only contain policies with the potential to decrease vulnerability,
however, the number of policies included in our scorecard dropped from 21 to 15. Mirroring the drop in the number of policies, the
average policy score per district decreased from 5.59 to 4.09 in floodplain zones and 4.88 to 3.88 in sea level rise zones. The decrease in
policies is likely due to the inclusion of a broader set of policies in the 2014 hazard mitigation plan and limitations in the scope of our
analysis. The 2008 plan emphasizes physical measures to address existing flood risks, such as constructing floodwalls, updating storm
drains and pumps, dredging waterways, and encouraging green infrastructure. All of these types of policies are included in our
analysis. Recognizing the growing threat of climate change, the 2014 plan includes a broader range of strategies that are not included
in our analysis because they would not directly impact physical vulnerability, even though they could be effective in enhancing
resilience in other ways. For example, the 2014 policy to “Assess vulnerability of the electrical grid [...] to natural hazards likely to be
increased by climate change in order to develop mitigation measures” (City of Boston, 2014a, 127) and to “convene a cabinet level
Climate Preparedness task force” (City of Boston, 2014a, 132) are not included in our analysis because they do not directly affect
physical vulnerability. Paradoxically, the emphasis on climate change in the 2014 plan reduced the number of policies in our analysis
because the climate change policies largely lay the groundwork for future action by conducting studies and creating new governance
structures rather than directly addressing physical vulnerability.

Comparing the 2008 and 2015 open space and recreation plans similarly shows a growing emphasis on climate change. In this case,
however, it results in a large increase in the number of policies that could decrease physical vulnerability, from 0 to 14. The 2008 plan
focuses on more traditional open space goals of improving parks “through capital rehabilitation, maintenance, programming, and
other system operations” (City of Boston, 2008, 8-1) to ensure that they continue to meet the needs of a growing and changing city.
While the plan recognizes that environmental protection provides multiple benefits, it does not discuss the potential for parks and open
space to decrease flood vulnerability. Nor does the plan mention climate change. In contrast, “climate change and resilience” (City of
Boston, 2015, 1) is a central theme of the 2015 plan. Creating parks or preserving open space in hazard zones prevents development
from being located in these risky locations (Burby, 1998). Parks and open space additionally provide ecosystem services like retention
and infiltration of flood waters (Brody and Highfield, 2013; Highfield et al., 2014). Boston’s 2015 Open Space and Recreation plan seeks
to maximize these benefits to help adapt to climate change. For example, the plan lays out a strategy to “create open space in coastal
areas and flood zones that can also serve as protective infrastructure as the climate changes” (City of Boston, 2015, 398). The plan calls
to “improve the quality of ecosystems in the city by understanding existing functionality and establishing benchmarks related to
climate preparedness, habitat and biodiversity, and human access” (City of Boston, 2015, 398).

In addition to growing emphasis on climate change in plan updates, between 2015 and 2019 Boston adopted multiple new plans
focused on climate change and reduction of flood risks. Most prominently, Climate Ready Boston adopted in 2016 includes 13 policies to
reduce physical vulnerability to flooding. While the number of policies is modest compared to other plans, many policies are broadly
applicable across the city, resulting in an average score of 11.76 per district - the highest in our sample. Policies to “revise the zoning
code to support climate-ready buildings” (City of Boston, 2016, 135) and “establish flood protection overlay districts” (106) not only
have a large geographic footprint, but may also transform the built environment by setting higher standards for new development.
These policies are also echoed in other plans. The comprehensive plan, Imagine Boston 2030, for instance, includes a policy to “Upgrade
our building regulations and develop climate ready zoning to prepare districts for future risk” (City of Boston, 2017, 451). Coastal
Resilience Solutions for South Boston includes a policy to “Develop a Flood Resilience Overlay District that establishes design guidelines
based on anticipated future flood levels” (City of Boston, 2018, 212). To support Climate Ready Boston, the city has also created
neighborhood plans like Coastal Resilience Solutions for South Boston that translate the goals and strategies from Climate Ready Boston
into specific projects. These neighborhood plans have high scores, including numerous policies that could reduce vulnerability. Coastal
Resilience Solutions for East Boston and Charlestown includes 25 policies to reduce physical vulnerability to flooding.

Reducing vulnerability to climate change and hazards is also a central theme of Resilient Boston, the city’s resilience strategy
developed as part of its participation in 100 Resilient Cities. Rather than focusing on physical measures to reduce exposure to hazards,
the plan focuses on addressing racial inequity and drivers of social vulnerability. The plan includes actions to provide financial ed-
ucation and services, advance the work of community-based organizations that are advancing racial equity, enhance mental health and
trauma resources, and fund community-led resilience projects. These actions are critical to build resilience (Meerow et al., 2019; Shi
et al., 2016), however, since our focus is on policies that affect physical vulnerability to flooding, most were not included in our
analysis. Based on our criteria, Resilient Boston includes three policies that could reduce physical vulnerability and one policy that may
actually increase vulnerability. Policies to reduce vulnerability build on strategies set out in Climate Ready Boston including expanding
green infrastructure and updating zoning and building regulations. The one policy that may increase vulnerability expands affordable
housing by reusing surplus city parcels, some of which are unfortunately located in the floodplain.

The tension between expanding affordable housing and reducing development in risky locations manifests in multiple plans. The
housing plan, Housing a Changing City, has the lowest net score of —7. Housing affordability is a critical issue for Boston. Rapid
population growth and housing demand has resulted in rising housing costs. Twenty percent of all households in the city are severely
housing-cost burdened—spending 50 percent or more of their income on housing costs. High housing costs in the city dispropor-
tionately impact low-income residents (City of Boston, 2017). The city has estimated that to accommodate projected growth and
stabilize the housing market would require the creation of 53,000 new housing units by 2030, a 20% increase in housing stock (City of
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Boston, 2014b). To achieve that goal, policies in the housing plan encourage infill and redevelopment to provide mixed-income
housing. Unfortunately, many of the areas available for growth and development are located in current or future floodplains. A
recent study found that over 3,000 existing affordable housing units would be at risk of annual flooding by 2030 (Buchanan et al.,
2020). Recognizing the threat that climate change and flooding pose to affordable housing, the housing plan includes policies to
“ensure that Boston Housing Authority Buildings are prepared for the impacts of climate change” (City of Boston, 2014b, 119) and
“support developers, owners, and tenants in taking climate preparedness actions” (117).

The city’s comprehensive plan, Imagine Boston 2030, further recognizes the dual pressure of housing and climate. Indeed, the plan
overlays areas of projected growth and future sea level rise. The comprehensive plan includes 27 policies that increase vulnerability.
These policies promote mixed use and transit-oriented development, create affordable housing and develop new job centers. While
these policies advance social and economic goals, the increased investment, development, and growth in risky locations has the po-
tential to increase flood costs. To try to avoid these costs, Imagine Boston 2030 includes 34 policies to reduce vulnerability. The plan
proposes structural measures such as flood protection infrastructure and updating building regulations to try and make new devel-
opment in risky locations as safe as possible. Building on the Open Space and Recreation Plan, many of the policies to reduce vulner-
ability also protect open space and parks.

3.2. Spatial changes in policy attention in Boston

In addition to separately considering each plan, we sum policies across plans to examine spatial changes in policy attention. Fig. 2
maps net scores across districts for 2015 and 2019. In 2015, 15 district-hazard zones had negative net scores indicating more policies
that would increase physical vulnerability to flooding than policies that decrease it. In 2019, no districts had negative scores. The
lowest net score was 14. The average score per district jumped from 0.68 to 32 in floodplains and —0.67 to 27.83 in sea level rise areas.
This shift illustrates the huge increase in the number of policies with the potential to decrease vulnerability across the city’s network of
plans. Generally speaking, neighborhoods with low net scores in 2015 also had low scores in 2019. In 2015, the district hazard zone
with the lowest net score was the sea level rise inundation area of Roxbury with a score of —8. In 2019, this district hazard zone still had
the lowest net score (14). This suggests that while Boston’s network of plans improved overall, lifting up all areas, plans did not
specifically target areas where older policies would increase vulnerability. There are some notable exceptions to this trend, district
hazard zones in Charlestown and South Boston moved from having relatively low scores to having relatively high scores. Both these
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Fig. 2. Maps of hazard zones, net policy scores for the 2015 and 2019 plan integration for resilience scorecard (PIRS) analysis, and change in net
scores between the two time points. Districts across Boston experienced a large increase in net policy scores.
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neighborhoods, along with East Boston, benefited from neighborhood-scale coastal resilience plans.

Another notable finding is that neighborhoods that saw the largest increase in policies that could decrease vulnerability also saw
the largest increases in policies that could increase vulnerability. For example, areas of East Boston benefited from 60 new policies to
decrease vulnerability but also had 12 policies that may increase vulnerability. This suggests that there is a general increase in policy
attention in some areas. While there are more positive than negative policies, increased policy attention includes some planned in-
vestments that would increase development in risky locations. It is not clear why some areas receive more policy attention than others,
although given the equity implications, this would be an interesting avenue for future research.

3.3. Changes in Fort Lauderdale’s network of plans

In Fort Lauderdale, the number of plan policies that affect physical vulnerability to flooding grew at a modest rate, increasing from
62 policies in 2015 and 82 in 2019. In both years, the overwhelming majority of policies focus on decreasing vulnerability, 81% and
93% respectively. The high ratio of policies that could decrease vulnerability is somewhat surprising given that almost the entire city
falls within the floodplain or sea level rise projection and, consequently, almost any policy to encourage development would receive a
negative score. As shown in Fig. 3, the increase in policies is largely explained by the adoption of seven new plans since the 2015
analysis. These new plans include the 2018 Stormwater Master Plan and the 2019 Community Investment Plan, which account for 47 new
policies. Most of these policies target specific capital improvement projects such as stormwater infrastructure, tidal valves, and seawall
improvements. Despite the overall increase, policies decreased in both the hazard mitigation plan and the city’s comprehensive plan.
Since both plans were included in the 2015 analysis and updated before our most recent analysis, we were able to directly compare
policy changes between them.

Following FEMA guidance to update local hazard mitigation plans every five years, the 2012 Broward County Enhanced Local
Mitigation Strategy was updated in 2017. Both the 2012 and 2017 hazard mitigation plan only contain policies that decrease vulner-
ability. However, whereas the 2012 plan includes policies distributed city-wide (111 districts out of 115), policies in the 2017 plan are
limited to significantly fewer districts (16 districts out of 115). This difference is largely attributed to the types of policies included. In
2012, 10 out of the 12 policies targeted development regulations, design standards, and siting considerations across most of the city. In
the 2017 plan, six of the seven policies relate to stormwater drainage improvements mostly located near downtown and districts just
north of the Fort Lauderdale/Hollywood International Airport. Overall, the mean policy score per district in the 100-year floodplain

2015 Scorecard 2015 and 2019 Scorecard . 2019 Scorecard

Fig. 3. Number of policies that would affect physical vulnerability to flooding in each Fort Lauderdale plan for 2015 and 2019 Plan Integration for
Resilience Scorecards. Positive policies have the potential to reduce vulnerability to flooding, negative policies could increase vulnerability.
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dropped from 6.04 in 2012, to 0.25 in 2017. The mean policy score per district in the sea-level rise hazard zone dropped from 1.96 in
2012, to 0.25 in 2017.

Fort Lauderdale has not adopted stand-alone climate change adaptation or resilience plans. Instead, a special climate change
element was added to the 2018 comprehensive plan update to address the challenge holistically. At the time of our analysis, the 2018
comprehensive plan was still in a draft form. Only seven of the 16 chapters were available. Our analysis does not include several
chapters that may have a large influence on physical vulnerability to flooding including the future land use, conservation, and coastal
management elements. Given the draft form of the 2018 plan, it is difficult to directly compare the number of policies in the 2008 and
2018 comprehensive plans.

The 2008 comprehensive plan includes a goal to, “increase the City’s resiliency to the impacts of climate change and rising sea
levels” (City of Fort Lauderdale, 2008, 5-1). But the associated policies focus on assessing vulnerability, building capacity, and laying
the groundwork for future action. Still the 2008 plan includes a wide array of policies that reduce physical vulnerability. These policies
range from development regulations that prohibit increased residential densities in coastal high hazard areas, to limiting post-disaster
reconstruction in risky locations, to protection of beach vegetation and wetlands, to improving building codes. These policies are
rooted in coastal management and hazard mitigation.

The 2018 comprehensive plan moves from laying the groundwork to meaningful action on climate change, including updating
development ordinances and building codes to account for rising sea levels. As with policies in Climate Ready Boston to update zoning,
these policies not only have a large geographic footprint but also have the potential to transform the built environment. Policies in the
2018 plan to protect coastal ecosystems that echo policies from the 2008 plan are also now directly tied to climate change adaptation.
In addition to greater action on climate change, the updated comprehensive plan also has greater emphasis on capital improvements.
Policies like deprioritizing public infrastructure investments in high flood risk areas and “evaluate the capital costs with considerations
for life cycle cost and benefits of adaptation alternatives in the location and design of new infrastructure” (City of Boston, 2018, 5)
suggest that the city is increasingly aware and acting on the fiscal risk that climate change poses to the city. Both the 2008 and 2018
comprehensive plan concentrate vulnerability reduction policies in districts along the coast, with decreased emphasis moving further
inland.

3.4. Spatial changes in policy attention in Fort Lauderdale

In Fort Lauderdale, the most significant spatial change is the reduced net scores. Fig. 4 illustrates the decrease in net scores across
the city. As the total number of policies grew, district hazard scores dropped on average by 14.5 points. While including more recent
chapters in the comprehensive plan would change these numbers, the dropping net scores indicate that policies have become more
spatially focused. The new plans that account for the increase in the total policy count, namely the Stormwater Master Plan and Capital
Improvements plan, focus on infrastructural projects that affect a limited number of district hazard zones. For example, in the Southeast

Hazand Zones 2015 2019 L
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Fig. 4. Maps of hazard zones, net policy scores for the 2015 and 2019 plan integration for resilience scorecard (PIRS) analysis, and change in net
scores between the two time points. Districts across Fort Lauderdale experienced a decrease in net policy scores.
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Isles neighborhood, the Stormwater Master Plan proposes, “installing approximately 100 additional tidal valves to prevent backflow
during high tide events and raising fourteen City-owned seawalls” (City of Boston, 2018, 52). The hazard mitigation plan also shifts
from including a variety of policies that could affect large parts of the city to more targeted stormwater infrastructure interventions.

Areas that had the lowest scores in 2015 also have the lowest scores in 2019, while areas with higher scores received even more
policies to decrease vulnerability and retain high scores. This suggests that, while awareness of flood hazards is generally increasing
across Fort Lauderdale’s network of plans, concentrations of high vulnerability remain (Berke et al., 2019b), and such issues have yet
to be effectively addressed. For example, both the 2008 and 2018 comprehensive plans concentrate risk reduction policies along the
coast with decreasing emphasis moving inland, and negative policy scores are concentrated in the coastal resort area and downtown.
The 2007 Downtown Master Plan also promoted additional development downtown in the floodplain and sea level rise area. Removing
this plan from the scorecard for the 2019 analysis due to its age increases net scores in the downtown districts.

A second notable change is the growing focus on sea level rise. In 2015, areas projected to be affected by sea level rise had an
average net score of 25.7 compared to an average score of 31.0 in floodplains. By 2019, sea level rise zones had higher average net
scores than floodplains, 14.1 and 13.7 respectively. In 2015, the difference between scores in the floodplain and sea level rise zone was
driven by the hazard mitigation plan, which included fewer policies that affected sea level rise areas. While sea level rise zones had
lower average scores in 2015, they had more consistent policy attention. In 2015, the minimum score in sea level rise areas was 20
compared to four in the floodplain. In 2019 the minimum score is 8 in sea level rise areas and zero in floodplain areas. The lower
minimums in 2019 reflect not only the overall lower district-hazard scores but also the growing unevenness in policy attention. The
2019 scorecard reveals greater attention to some areas affected by sea level rise and reduced attention on others.

4. Discussion and conclusion

In the face of mounting flood risks and damages, coastal cities have an urgent need to enhance resilience. It is unclear whether
major investments in resilience-building in cities, including the development of new climate change adaptation and resilience plans,
are translating into an overall reduction in vulnerability to flooding. Longitudinal studies of resilience are urgently needed to answer
this question, yet longitudinal studies of planning are few and far between. Moreover, any truly comprehensive assessment of planning
in a community over time should consider the multitude of plans that shape development and ultimately vulnerability. A growing
number of studies do assess how the policies in cities’ full networks of plans may affect resilience to flooding, yet to date, none have
looked at how the network has changed over time. This paper begins to address this gap. In addition to this longitudinal analysis, a
spatial evaluation of the policies in the networks of plans using the PIRS method enables an understanding of how these plans and
policy changes manifest across the cities, and whether spatial patterns in policy attention change over time.

We posed two questions: (1) How has the network of plans’ combined potential effect on physical vulnerability to flooding changed
over time? And, (2) what is the influence of new types of plans on policies that have the potential to impact vulnerability? In both
Boston and Fort Lauderdale, we found that over time, plans dedicate greater attention to climate change and include more policies that
have the potential to decrease physical vulnerability to flooding. In short, there is some evidence that plans are collectively better
managing flood risk. However, the story is somewhat more complicated. In Fort Lauderdale, while the total number of policies
increased, the average score per district dropped because newer policies had a limited spatial reach. In both cities, patterns of policy
(in)attention persist over time, indicating that new plans do not necessarily address existing disparities. In Boston, the adoption of a
climate change adaptation plan dramatically increased the number of policies to decrease physical vulnerability, suggesting that
adaptation planning might be an effective way to increase policies with the potential to reduce risks (Woodruff and Stults, 2016).

Updates of plans provide strong evidence that plans are changing to mainstream climate change adaptation. For example, Boston’s
2008 Open Space and Recreation plan does not mention climate change, in the 2015 update resilience is a central theme. In this case, the
emphasis on climate change resulted in a large increase in the number of policies to reduce physical vulnerability to flooding.
However, many of the climate policies focus on capacity building, which are not included in our assessment. Thus, the growing
emphasis on climate change may not be fully reflected in scorecard changes. For instance, the greater emphasis on climate change in
Boston’s hazard mitigation plan update may have resulted in fewer policies that reduce physical vulnerability to flooding and more
policies that build capacity. Indeed, early climate change adaptation plans were critiqued for emphasizing capacity building and failing
to propose actions to reduce physical vulnerability (Biagini et al., 2014; Preston et al., 2011; Stults and Woodruff, 2016).

Plans in our analysis show cities are moving beyond capacity building to take action to reduce rising flood risks. Fort Lauderdale’s
2018 comprehensive plan update calls for sea level rise to be incorporated into development regulations, building codes, and capital
improvement decisions. Similarly, Boston’s new comprehensive plan builds on Climate Ready Boston by proposing zoning that accounts
for increasing flood risks. If enacted, these policies could have profound impacts on where development is located and how vulnerable
itis to flooding. Our simplified coding approach (+1 for policies that decrease vulnerability, —1 for policies that increase vulnerability)
does not account for the impact of different policies. A policy to replace a storm drain receives the same score as these transformational
policies. Future research could seek to evaluate the relative potential impact of policies, although this is likely to be quite subjective.

The explosion of new plans in Boston further demonstrates how planning is changing to better address increasing flood risks. The
adoption of new plans resulted in a major increase in policies with the potential to reduce vulnerability, lifting scores for every hazard-
district across the city. With an average score of 11.76 per district, Climate Ready Boston, in particular, had a large influence. Policies
from Climate Ready Boston were also included in other city-wide and neighborhood plans, illustrating how dedicated climate change
adaptation plans can set a policy agenda to reduce risks (Lyles et al., 2017). Based on our analysis of policies that could affect physical
vulnerability to flooding, the city’s resilience plan has a smaller impact. The resilience plan echoes policies from Climate Ready Boston,
but it largely focuses on addressing underlying drivers of social vulnerability such as systematic racism, poverty, and income and
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wealth inequality. These actions are critical for just adaptation (Meerow et al., 2019; Shi et al., 2016), but not well captured using our
methods. Future research should look at a broader range of policies and how they relate to different aspects of vulnerability (e.g.,
social) across a city’s plan network, although they would probably not be as amenable to spatial analysis. It would also be helpful to
interview planners about why plans focus on different policy types and whether this is inadvertent and due to lack of coordination or
purposefully designed to be complementary.

Rather than adopt new types of plans, Fort Lauderdale has taken a mainstreaming approach by integrating climate change into their
comprehensive and infrastructure plans. While these plans do include some wide-reaching policies, many of the policies focus on
spatially specific infrastructure measures like sea walls and drainage improvements. As a result, the total number of policies increases
over time, but the average district score drops. The trend towards more spatially specific policies also results in more unevenness in
scores across the city. Clear, strongly worded, spatially specific policies are generally considered a component of strong plans (Berke
and Godschalk, 2009). Spatially specific policies indicate greater neighborhood acceptance and political support for implementation
(Neuman, 1998). Our finding that spatially specific policies are reducing district net scores raises new questions about what scale of
policies are most effective in the face of climate change. The small-scale infrastructure policies that dominate Fort Lauderdale’s plans
may be most effective when they are combined with additional land use policies that seek to minimize or avoid the “safe development™
paradox, whereby protective infrastructure facilitates development in flood-prone areas increasing the risk of future catastrophic
losses (Burby, 2006).

The spatial distribution of policies in both cities shows that current policies tend to perpetuate spatial disparities in policy attention.
In Fort Lauderdale, risk reduction measures tend to be more concentrated in the coastal area in both 2015 and 2019. Similarly, policies
continue to encourage development in the city’s downtown and coastal resort areas. In Boston, areas with low policy scores in 2015
also tend to have low scores in 2019. While it is natural to encourage investment in existing areas and target protection measures in
those same areas, it may be unsustainable in the long-run if these areas are constantly flooding (Hino et al., 2017; Woodruff et al.,
2018a). Moreover, it likely perpetuates existing disparities in investment (Anguelovski et al., 2016; Berke et al., 2019a; Howell and
Elliott, 2019). Previous PIRS studies have found that policies tend to support mitigation in areas of low social vulnerability, rather than
targeting communities with the highest social vulnerability (Berke et al., 2019b). Our analysis suggests that plans are likely perpet-
uating these inequities, since spatial patterns in policy attention remain fairly consistent, although future research should explicitly
assess this by comparing social vulnerability indicators with PIRS results. Using the PIRS as a diagnostic tool and emphasizing social
vulnerability may help communities better steer future policies to areas that have historically received less policy attention and been
underserved. Resilience plans may help achieve these goals by linking flood mitigation to broader social issues and underlying drivers
of vulnerability (Chakraborty et al., 2018; Woodruff et al., 2018b).

In addition to providing valuable research insights, PIRS has been used as a diagnostic tool in practice (Berke et al., 2021). Where
practitioners have used PIRS, it helped improve knowledge and awareness of hazard risks, develop spatial understanding of policies,
and begin conversations about the impacts of specific policies. In Norfolk, VA PIRS was the basis for projects to reduce flood risk in
vulnerable neighborhoods. In Rockport, TX PIRS was used to develop their comprehensive plan and identify techniques to reduce flood
vulnerability (City of Rockport, 2019). Assessing how policies in plans spatially overlap can help identify areas in need of additional
policy interventions and hopefully move towards stronger plans that collectively work to reduce flood risks.

Over time, we also see a shift in policy attention from the current floodplain towards future sea level rise areas. In particular, in Fort
Lauderdale the plans in the original scorecard had more policies to reduce risk to current than future flooding. Four years later, this
appears to have shifted, with greater policy attention on sea level rise areas. It is encouraging that plans are proactively considering
long-term risks. Today’s land use and investment decisions will determine the risk of tomorrow.
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