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PREFACE

Tomorrow isn’t what it used to be. 
Increasingly, coastal conditions include all the risks of the past, but risks that are amplified by a changing climate, ris-

ing seas, and more rapidly fluctuating Great Lakes. The same is true away from our coasts; flooding from swelling rivers, 
streams, and lake basins in the country’s interior is also a concern. With finite resources and escalating risks, communities 
need to make smart investments to ensure that they can withstand the seas and storms of tomorrow. We can’t afford not to.

A capital improvement process provides a good opportunity to chart a new course. Including planners at the table 
with public works staff, engineers, and elected officials will help communities move in the right direction. The guidance in 
this report gives planners the tools they need to broker that important discussion, inform decisions with the best available 
science, and consider future conditions when allocating present and future resources. 

NOAA’s Office for Coastal Management is proud to partner in this effort, and others like it, to provide communities 
with tools to approach climate and other natural hazards with the best and most sensible solutions. The goal is to help com-
munities create a future that keeps people and the places they love safer and stronger. 

Jeffrey L. Payne, phd
Director, Office for Coastal Management
National Oceanic and Atmospheric Administration
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Infrastructure built today is expected to last a long time, but is your community 
planning for worsening climate impacts over the coming years? PAS Report 596 
helps planners ensure public infrastructure investments are resilient to future hazards. 

Rising Climate E�ects

Surging toward 
consequences
Today’s infrastructure must 
withstand rising sea levels 
and more extreme storms 
over its lifespan.
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Prepare for the future

+ =Use comprehensive plan to 
inform capital improvement 
plan priorities.

Add climate and �ood 
resilience policies to 
comprehensive plan.

Public investments 
yield more resilient 
infrastructure.

Not built to last

Without accounting for climate impacts, infrastructure built 
today adds up to a risky investment for local governments.
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EXECUTIVE SUMMARY

The impacts of climate change are no longer a distant threat. They are here. As the unprecedented becomes the precedent, 
communities will see more frequent and intense flooding—and their infrastructure facilities and systems, often expected to 
last for decades or more, will be at higher risk.

The coastal highway and bridge connecting a town 
to its hospital will be threatened by record high tides. The 
stormwater network on a county’s drawing board will be 
inundated by record rainfall events—year after year. The 
wastewater treatment plant being completed next month will 
endure successive years of storm surge in a city historically 
unaccustomed to hurricanes. 

To ensure that today’s infrastructure will stand the 
test of time, communities must plan for infrastructure that 
is resilient to the flooding of tomorrow. PAS Report 596, 
Planning for Infrastructure Resilience, defines the threat posed 
by more frequent and severe flooding to public infrastructure 
and outlines the role of planners and plans in ensuring that 
infrastructure is prepared for an unpredictable future. 

While infrastructure is not immune to other climate-
exacerbated hazards such as drought or wildfire, this PAS 
Report focuses primarily on how climate change will 
intensify flood risks from hazards such as sea level rise, 
coastal storms, and extreme precipitation. It provides 
guidance to help planners and their communities consider 
future flood impacts to public municipal infrastructure: 
the infrastructure financed, constructed, and maintained 
by local governments and special districts. The information 
provided in this report is intended for planners across the 
United States, regardless of their proximity to the coasts; 
rivers, streams, lakes, and urban stormwater systems will all 
be affected by future changes. 

CHANGES ARE COMING 

While the need to ensure infrastructure is resilient to future 
climate conditions is increasingly accepted across many 

overlapping areas of practice, active measures to realize 
this on the ground are comparatively rare. Cities across the 
United States are taking major steps toward considering and 
integrating climate change and its impacts into infrastructure 
planning processes, but these efforts often rely upon strong 
political will, dedicated streams of funding, and staff capacity. 
Mainstreaming the use of climate information, data, and 
tools into planning, capital improvement processes, and 
infrastructure standards and guidelines is not yet common 
practice. Yet mainstreaming is precisely what is necessary to 
ensure that future climate conditions are major elements of 
the local community and infrastructure planning process. 

Infrastructure is expensive, and it is often intended to 
last for a long time. Current practice for considering flood 
hazards in infrastructure planning and decision making is 
often limited to static snapshots based on historical precedent. 
The regulatory datasets used to establish floods of record are 
all based on historical models, which assume a future that is 
much like the present. 

Climate change, however, introduces substantial 
uncertainties into broadly accepted and widely used but 
historically based flood, precipitation, natural hazard, 
meteorological, and climatological data. Use of historical 
models, while far better than not considering flood hazards 
at all, discounts the significant negative impacts of future 
changes in climate—especially the severity and frequency of 
flooding— on local infrastructure. 

To ensure that capital investments in infrastructure 
expected to last decades are not at risk, local practitioners—
including planners, floodplain managers, public works and 
engineering staff, and others—must be prepared to factor 
these anticipated future changes into the many processes that 
touch upon the planning, siting, design, and finance of these 
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facilities and systems. 

FUTURE FLOODING AND    
INFRASTRUCTURE IMPACTS

In the context of climate change, a series of interrelated flood 
hazards stand out. They are sea level rise, coastal storms and 
storm surge, tidal flooding and inundation, and extreme 
precipitation. It is critical that planners understand what 
these hazards entail and the potential impacts they may have 
on their communities. These hazards are explored in depth in 
Chapter 1 of the report.

Sea level rise is a gradual long-term threat to coastal 
communities as well as a key factor in intensifying acute 
coastal storm impacts through more destructive storm surge 
events. The current likeliest projections for 2100 point to a 
range of one to four feet of sea level rise on average across 
the globe. While this may not sound especially impactful, 
four additional feet of water will pose a serious existential 
threat to coastal communities across the United States. And 
not only might certain geographical contexts create local 
sea level rise that far exceeds these global averages, but more 
extreme average sea level rise scenarios of up to eight feet are 
entirely possible in the event of both unchecked greenhouse 
gas emissions and further destabilization of the Antarctic ice 
sheet. 

While current climate models do not anticipate 
significant changes in the overall number of named coastal 
storms, these models do predict an increase in the severity 
of these events. Fostered by warmer oceans, severe coastal 
storms are likely to bring more destructive impacts not only 
to communities already grappling with recurrent coastal 
flooding, but also to communities historically unaccustomed 
to tropical storms and hurricanes. Flooding in the form of 
extreme and unprecedented rainfall (most recently exhibited 
by Hurricane Harvey) and highly destructive storm surge are 
a major consequence of coastal storms. Compounded further 
by rising sea levels, flooding during coastal storm events is 
expected to worsen considerably over the coming decades. 

Heavy precipitation is a significant consequence of 
climate change that will impact communities across the 
United States, regardless of location. Some regions will see 
increases in average annual precipitation, while others will 
see less rain on average, but more heavier rainfall events. 
Extreme precipitation events are likely to increase in 
frequency, leading to severe riverine and inland flooding as 
well as recurring nuisance flooding.   

Local public infrastructure assets and systems will 

bear the brunt of these coming changes. Increasingly severe 
and frequent rainfall may exceed the capacity of existing 
stormwater systems. Coastal and riverine flooding may 
overtop bridges, roads, and public transit infrastructure. Fire 
and police stations, schools, and public parks and recreational 
facilities in areas vulnerable to sea level rise, coastal storm 
surge, and tidal flooding may face interrupted operations and 
the possible need for relocation. 

Direct flood impacts to local infrastructure will in turn 
cause a variety of unpredictable secondary impacts to people 
and the built and natural environments. Impacts as diverse 
as flooded roads or damaged ports could have significant 
negative affects on local economies. Disrupted transportation 
networks may impede the mobility of emergency services. 
Recurrent flooding of schools or public parks may seriously 
impact educational outcomes and quality of life. Combined 
sewer overflow events may precipitate public health crises. 

Communities rely on infrastructure in myriad ways. 
When that infrastructure is damaged, impaired, or in dire 
need of replacement due to recurrent flooding, the potential 
impacts to the community can be vast and unpredictable. 

The age of infrastructure and the costs of its replacement 
are already significant issues across the United States, 
independent of increasingly severe flood events. Sea walls, 
levies, natural infrastructure, stormwater and wastewater 
networks, and deteriorating drinking water facilities will 
require hundreds of billions of dollars in replacement, 
adaptation, and maintenance costs to ensure continuity of 
operations and resilience in the face of climate change. 

Planners stand at the intersection of long-term 
climate resilience and infrastructure implementation. 
They can ensure that the plans and policies that inform 
public investments as directed by capital improvement 
planning and budgeting processes take climate risks into 
consideration. From finding and using data and tools, to 
assessing vulnerability, to linking comprehensive planning 
with on-the-ground actions, planners should play a critical 
role in advancing infrastructure resilience. 

GATHERING DATA, ASSESSING VULNERABILITY, 
AND PLANNING FOR THE FUTURE

Chapters 2 and 3 of this report discuss two of the most 
critical challenges in ensuring infrastructure is resilient to 
future flooding: (1) understanding data and decision support 
tools, and (2) applying them to assessing the vulnerability of 
infrastructure to climate change. Only with this foundation 
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in place can planners then begin the work of integrating long-
term  infrastructure goals, objectives, and actions into capital 
improvements planning. 

Understanding the available data, information, and 
decision-support tools for future flooding is crucial to 
ensuring that local infrastructure  can  withstand climate 
change. Climate models, while always evolving, largely agree 
on the bigpicture impacts of climate change as they relate 
to flooding. It is vital for planners to understand the basics 
of climate science to make informed decisions on the use of 
data, tools, and resources as they work to plan for resilient 
infrastructure. 

There are many interactive decision-support tools 
and resources available that can greatly benefit the work of 
planners, as discussed in Chapter 2 of this report. Resilience 
clearinghouses such as the National Oceanic and Atmospheric 
Agency’s (NOAA) Climate Resilience Toolkit, and specific 
geospatial and visualization tools such as NOAA’s Sea Level 
Rise Viewer or Great Lakes Lake Level Viewer, should form 
the foundation for planners seeking to apply climate data to 
infrastructure planning. These and other tools allow users 
to directly download geospatial data for use in GIS software, 
which can be critical to establishing the vulnerability of 
communities and infrastructure assets. 

Once a community has gathered its data, the process 
of determining the vulnerability of infrastructure systems 
and assets is the next essential step to effectively plan for the 
future. A bridge or power station expected to function to 
the end of the century but designed based on flood or storm 
surge risk from the year 2000 will not be ready for coming 
impacts requiring costly maintenance or early replacement. 
Planners must evaluate the vulnerability of existing assets 
and assess future threats to upcoming projects to maximize 
community resilience. 

The vulnerability assessment process requires assessing 
a planned or existing project or asset’s exposure, sensitivity 
to flooding, and the degree to which it can accommodate 
more severe flood impacts. Spatial analysis combined with 
an understanding of asset lifespan and condition forms an 
effective base upon which infrastructure planning can be 
built. When combined with a thorough analysis of social 
vulnerability to more frequent and severe flooding events, the 
picture becomes complete and planners can take the first steps 
to more effective planning for an uncertain future. Chapter 3 
of this report walks planners through the steps of conducting 
these analyses.

 

THE ROLE OF PLANS AND PLANNERS 
 IN INFRASTRUCTURE RESILIENCE

Developing and overseeing the implementation of plans is 
the backbone of a planner’s work. All too often, however, 
plans and infrastructure implementation processes operate 
independently at the local level. The prospect of more severe 
and frequent flooding is an opportunity to integrate and align 
these functions to ensure that the infrastructure planned and 
built today is equipped for future social and environmental 
conditions. 

Planning for flood resilient infrastructure will 
require communities to use of all of their planning tools. 
Comprehensive planning should be at the core for local 
action on infrastructure resilience. As the most complete 
picture of where a community is today and where it wants to 
be at some point in the future, local comprehensive planning 
must play a major role in infrastructure planning processes. 
And to maximize future resilience outcomes, the full array of 
local plans and planning functions—including community 
visioning and public outreach, hazard mitigation planning, 
climate adaptation planning, open space planning, and 
many others—must be aligned, with goals and objectives 
clearly linked to actions and outcomes. Detailed guidance 
on the role of planners in advancing infrastructure resilience 
through plans can be found in Chapter 4. 

As the primary link between long-term planning and the 
implementation of infrastructure, the capital improvements 
planning (CIP) process stands out as playing a key role 
in community resilience. CIPs  document the process of 
providing and maintaining the infrastructure to support a 
community’s quality of life. They assess infrastructure needs 
within a jurisdiction over a defined time frame, weigh these 
needs against overall goals and objectives, and then evaluate 
and prioritize specific infrastructure projects for future 
funding. Given the role of the CIP in determining near- and 
long-term infrastructure needs, resilience to future flooding 
must be deeply embedded within this process. Chapter 5 of 
this report describes the importance of planners’ involvement. 

Practical consideration for infrastructure resilience 
should center on the long-term value of investments. If 
the community has identified certain areas as especially 
susceptible to sea  level rise or recurrent flooding within 25 
years, does new stormwater infrastructure in those areas 
have long-term value? These are the types of questions that 
must be answered in the CIP process. Planners should play 
a major role in facilitating these conversations and ensuring 
that investment outcomes link strongly with established 
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community goals.  

IMPLEMENTING RESILIENT INFRASTRUCTURE

Currently, no formal nationwide standards for resilient 
infrastructure have been widely accepted by engineering and 
public works professionals. While there has been some recent 
movement toward formalizing standards, and several larger 
cities have begun establishing basic guidelines to increase 
the resilience of infrastructure assets to future flood impacts, 
communities are still largely on their own when seeking 
to integrate flood resilience into the siting, design, and 
construction of infrastructure. By drawing from established 
vulnerability assessments, community-wide goals and 
objectives, and the resilience considerations integrated into 
the CIP, planners can help to oversee local processes for the 
development of local standards, regulations, and guidelines. 

Generally, local guidelines should be based on selecting 
flood scenarios within the defined lifespan of a project, 
constructing to the most probable scenario, and building 
redundancies into a project to allow for further adaptation 
based on observed impacts and changes. In practice, this 
can be challenging and heavily constrained by funding 
availability. Planners, while not driving the adoption of 
technical engineering standards, can help inform their 
development and ensure strong links to vulnerability 
assessments and long-term plans. More on this topic can be 
found in Chapter 6. 

Finding the money necessary to finance expensive 
infrastructure projects has always been a challenge. The 
prospect of higher costs given the impacts of more frequent 
and severe flooding complicate this picture even further. While 
providing services and  maintaining existing infrastructure 
are likely to be high priorities for many municipalities, 
longer-term adaptation of already expensive infrastructure, 
especially given the uncertainty of the scale of flood impacts, 
may not be a prime driver for local decision making. For 
these reasons, planners should have a clear understanding of 
local finance and the avenues that exist for financing resilient 
infrastructure.

Beyond the established mechanisms for financing local 
infrastructure, planners can bring to their communities 
awareness of emerging financial tools such as catastrophe 
bonds, environmental impact bonds, and resilience bonds 
that are specially tailored for flood hazard and climate 
resilience. Further, planners can leverage their knowledge of 
federal programs to identify funding opportunities through 

the Federal Emergency Management Agency’s various pre- 
and post-disaster mitigation grant programs, post-disaster 
appropriations through the Community Development Block 
Grant program, and grant opportunities from federal agencies 
such as NOAA and the U.S. Environmental Protection 
Agency. Along with summarizing local government funding 
sources, Chapter 7 outlines these emerging opportunities 
and identifies how planners can responsibly advise financial 
decision making to advance infrastructure resilience. 

CONCLUSION

There is no simple resolution to the difficult problem of 
ensuring that the infrastructure of today can meet the flooding 
challenges of tomorrow. It requires strong commitment to 
developing plans that consider future climate conditions, 
local willingness to actively use these plans as roadmaps 
for the future, and acceptance of the need to iterate, revise, 
and continue to improve the processes through which local 
infrastructure plans become on-the-ground realities. 

Planners, capable of balancing the needs of today with 
the aspirations and challenges of the future, are uniquely 
suited to harnessing the many local planning tools necessary 
to advance resilience in the face of future flood conditions. 
PAS Report 596 is an affirmation of the planner’s critical 
role in this process and a call to confront and overcome the 
complex challenges that more frequent and severe flooding 
pose to infrastructure and the long-term health and vitality 
of communities across the United States. 
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Over the coming decades, the risk of flooding and cascading impacts to communities across the United States is expected to 
worsen because of climate change. With each passing year, these future risks become clearer, largely due to a seemingly never-
ending parade of present-day coastal storms and record flood events. 

However, while the age of the billion-dollar storm, typi-
fied by Hurricanes Katrina, Sandy, Harvey, and Maria, is 
emerging as a new normal (Figure 1.1), flood hazards and the 
risk they pose to communities are far more complex than a 
succession of once- or twice-a-year coastal events. Sea level 
rise is likely to have an amplifying effect on not only the im-
pacts of named coastal storms, but also on the mundane but 
increasingly common threat of “sunny day” tidal flooding 
to coastal communities. Coastal communities confronting 
these threats both large and small must also grapple with the 

longer-term existential dangers of water that continues to rise 
year after year. 

Inland communities face similarly uncertain futures, 
given the threats posed by extreme precipitation in the form 
of catastrophic riverine flooding, disruptive stormwater 
flooding, and even the smaller-scale nuisance flooding that 
can close streets and fill basements. 

As communities become more aware of worsening flood 
hazards, they must also begin to consider how those flood 
hazards may impact long-lived and expensive infrastructure. 

Figure 1.1. The fre-

quency of billion-dollar 

disasters (adjusted for 

inflation) in recent years 

has far exceeded the 

historic average (NOAA 

NCEI 2019)
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Given the state of public infrastructure in the United States—
most recently graded D+ by the American Society of Civil 
Engineers (ASCE 2017)—the impacts of extreme weather 
could be catastrophic on already aging and deteriorating rail-
ways, bridges, wastewater treatment plants, stormwater sew-
ers, and public buildings. 

New infrastructure will also be at risk if not planned, 
designed, and constructed to account for climate-related 
stresses well into the future. Public infrastructure and capital 
assets are expected to last for decades, often well in excess of 
their intended design life. New infrastructure that does not 
account for worsening future flood-related hazards runs the 
risk of not only squandering significant amounts of public 
money, but also putting current and future generations of 
citizens at risk of climate change-related impacts. 

Infrastructure that accounts for or has the capacity 
to adapt to long-term changes in climate and the resulting 
impacts can help to reduce future risk to communities. Yet 
incorporating future climate risk into the planning, siting, 
design, and construction of public infrastructure can be a 
complex undertaking. 

Climate change introduces substantial uncertainties 
into broadly accepted and widely used but historically based 
flood, precipitation, natural hazard, meteorological, and cli-
matological data. Federal Emergency Management Agency 
(FEMA) data sets that establish floods of record, likely rain-
fall, or potential storm surge are all based on historical mod-
els that assume a relatively stable and unchanging climate. If a 
community relies solely upon these historical data sets when 
planning and designing an infrastructure system or public 
building, then future changes in the climate could have sub-
stantial unanticipated negative impacts upon the project and 
the community well into the future. Local practitioners, long 

used to planning, designing, and developing infrastructure 
projects based on well-established historical models, may 
find the prospect of accounting for changing rates of precipi-
tation or sea level rise daunting and confusing. 

Understanding the available data and information on 
climate change impacts as they relate to flooding—and in-
tegrating them into local plans and processes—is critical to 
ensuring that local infrastructure can absorb future shocks 
and stresses. Planners are uniquely suited to account for 
and incorporate these future uncertainties. Throughout the 
visioning, planning, and implementation processes, plan-
ners can ensure that infrastructure—and communities as a 
whole—are both resilient and adaptable to future flood haz-
ards and long-term risk. 

FLOOD HAZARDS AND CLIMATE CHANGE

Climate change is likely to worsen existing flood hazards and 
increase flood risk to people and their communities. Sea level 
rise is a gradual long-term threat to coastal communities as 
well as a key factor in intensifying acute coastal storm im-
pacts through more destructive storm surge events. More se-
vere coastal storms may threaten communities in parts of the 
country unaccustomed to dealing with major tropical events. 
Increased rainfall in the form of both heavy precipitation and 
prolonged wetter periods may endanger coastal and inland 
communities alike through riverine flooding, flash flooding, 
and nuisance flooding. Shifting patterns of precipitation and 
the long-term unpredictability of extreme rainstorms can 
make these hazards particularly difficult to plan for. 

The following section is an introduction to how a chang-
ing climate is likely to increase flood risk to communities. 

Climate Change, Sea Level Rise,  
and Coastal Flooding
Sea level rise is due to the warming of oceans (which expand 
as they heat up) and the melting of land-based ice, both direct 
results of a warming climate. 

Since 1900, sea levels have risen globally by about seven to 
eight inches, and the rate of sea level rise has accelerated over 
the last 25 years due to increasing greenhouse gas emissions 
and corresponding temperature increases (USGCRP 2018). 
The likeliest scenarios point to an additional one to four feet 
in sea level rise by the year 2100 (Table 1.1). More extreme 
scenarios in excess of eight feet by 2100 are being studied by 
climate scientists, largely due to concerns over the stability 
of the Antarctic ice sheet (Figure 1.2, p. 13) (USGCRP 2018). 

Year Very Likely Sea Level Rise Scenario

2030 0.3 – 0.6 feet

2050 0.5 – 1.2 feet

2100 1 – 4 feet

TABLE 1.1. LIKELIEST SCENARIOS FOR  
SEA LEVEL RISE TO 2100

Source: USGCRP 2018
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It is important to note that these are global averages, 
and there are wide variations in relative sea level rise de-
pending on location, ocean circulation, and the sinking 
of land. The Northeast and the western Gulf coastline are 
likely to see sea level rise above the average in existing lower 
sea level rise scenarios, while nearly all of the U.S. coast-
line (except for Alaska) is likely to exceed the average under 
higher sea level rise scenarios. 

Tidal Flooding
Sea level rise amplifies the impacts of high tides and leads to 
more coastal flooding and erosion. Over the last half-century 
alone, with just one to three inches of average sea level rise, 
daily high-tide flooding has become up to 10 times more fre-
quent in coastal communities throughout the United States. 
Sea level rise in excess of one foot, well within the likeliest 
scenarios for the end of the century, would mean widespread 
and destructive high-tide flooding for communities on the 
East Coast (USGCRP 2018). 

Additionally, increasingly destructive tidal flooding is 
likely to accelerate the rate of coastal erosion and ultimately 
compound the effects of daily floods and coastal events on 
communities and infrastructure. 

Coastal Storms and Storm Surge
Greenhouse gas emissions and the resultant warming of the 
atmosphere and oceans leads to stronger hurricanes and 

tropical storms. While the total number of tropical storms is 
unlikely to change, the number of the most intense tropical 
storms is likely to increase. 

Hurricanes and other tropical storms of increasing in-
tensity and frequency will lead to a wide variety of direct 
flooding impacts, including storm surge, major freshwater 
flooding due to precipitation, and a host of secondary impacts 
including landslides and tornadoes (USGCRP 2018). Warmer 
oceans that help to fuel storm intensity are also likely to bring 
the direct impacts of major hurricane and tropical events to 
coastal communities less prepared for dealing with them. 

Storm surge tends to be the most destructive element of 
coastal storms on people and their communities. Storm surge 
is the height of the sea during a coastal storm that is above the 
expected level for a location and time of day (USGCRP 2018). 
It is primarily a product of water pushed toward the shore by 
storm winds. The severity of surge impact on a particular lo-
cation depends on a storm’s direction, speed, intensity, pres-
sure, and the geography of the impacted area. 

Sea level rise amplifies the depth, breadth, and destruc-
tive potential of storm surge. Even the more conservative sea 
level rise projections to 2100 point to more impactful and de-
structive storm surge events. 

Precipitation and Climate Change
Annual precipitation since 1901 has increased across the 
United States by an average of four percent. Average annual 

Figure 1.2. Sea 
level rise scenarios 
through 2100: RCP2.6 
represents the lower 
bound of sea level 
rise pathways based 
on lower emissions 
as established by the 
International Panel on 
Climate Change, while 
RCP8.5 represents 
more extreme sea 
level rise scenarios un-
der higher emissions 
(USGCRP 2018)
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precipitation in the Northeast, Midwest, and Great Plains 
has exceeded the national average over this period of time, 
while annual averages have declined in the Southwest. Heavy 
precipitation events, which are defined as “episodes of abnor-
mally high rain or snow” in the 2018 National Climate As-
sessment, have outpaced annual average increases (USGCRP 
2018). Even in areas experiencing drier years on average, 
heavier and more destructive rainstorms are still occurring 
more frequently. These trends are expected to continue and 
strengthen (Figure 1.3).

More frequent heavy precipitation events are a leading 
indicator of climate change, along with changes in tempera-
ture, sea level rise, drought, and wildfire. Heavy precipitation 
events are projected to continue to increase as global temper-
atures warm (USGCRP 2018). 

Increases in both average precipitation and the fre-
quency and intensity of heavy precipitation events may lead 

CASCADING HAZARDS

This report primarily addresses the risks 
that existing and future flood hazards 
may pose to local infrastructure. An 
increase in flooding, however, is just 
one of many potential climate change 
threats. The frequency and severity of 
drought, extreme heat, wildfire, and 
other related natural hazards are also 
expected to increase over the coming 
decades. Much like the wide variety of 
flooding-related challenges, the long-
term impacts of these hazards can 
also take a substantial toll on public 
infrastructure. 

Additionally, hazards such as 
drought and flood can be deeply 
interrelated. The feast-and-famine 
cycle of prolonged drought followed by 
extreme rainfall can lead to a cascade 
of localized hazards such as flash 
flood, landslides, failing or overflowing 
water and sewer lines, and water 
supply contamination. These events 
can have a pronounced impact upon 
local infrastructure, public health, and 
community well-being. 

While this report primarily 
addresses flooding and other water-
related challenges as direct impacts 
to local infrastructure, the principles 
described throughout are broadly 
transferrable to other natural hazard 
and long-term climate risks. 

Figure 1.3. Climate change projections point to greater levels of precipitation 

across the United States (USGCRP 2018)
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to increasing extreme flood events (such as riverine flood-
ing), though local variables such as land use have made clear 
trends difficult to assess (USGCRP 2018). Given projected 
increases in heavy precipitation events, localized flooding, 
stormwater flooding, and nuisance flooding are likely to in-
crease in frequency and intensity, especially in communities 
where these events are already common. 

Closed-basin lake regions, in which water drains in but 
does not flow out, are also being slowly inundated by rising 
water levels from increased precipitation caused by climate 
change. One such area, the Devils Lake basin in northeastern 
North Dakota, has lost 600 square miles of dry land since the 
early 1990s (Wirtz 2012). 

Compound Extreme Events
Compound extreme events are the “combination of two or 
more hazard events or climate variables over space and/or 
time that lead to an extreme impact [and] have a multiplying 
effect on the risk to society, the environment, and built in-
frastructure” (USGCRP 2018). These events can be common 
during hurricanes and tropical storms. 

Hurricanes Isaac (2012) and Matthew (2016) coupled 
storm surge with extreme precipitation that brought extreme 
riverine flooding to inland communities and significant 
storm surge impacts to communities along the coast. When 
storm surge is combined with extreme precipitation and high 
tides, as in the case of Hurricane Sandy (2012), flooding im-
pacts are multiplied even further (USGCRP 2018). 

FUTURE FLOOD RISKS AND PUBLIC  
INFRASTRUCTURE VULNERABILITY

Uncertainty surrounding the severity of climate changes, the 
age and complexity of local infrastructure systems, and how 
each may influence the other makes assessing the scale of fu-
ture flood risk particularly difficult. 

Increasing levels of precipitation, sea level rise, and more 
frequent and powerful coastal storms will result in discrete 
impacts to local infrastructure. While infrastructure sectors 
such as coastal protection and stormwater/wastewater man-
agement are expected to experience direct impacts, sectors 
such as health and emergency management services, trans-
portation, public facilities, energy, and community open 
space and recreation facilities are also expected to suffer. 

Table 1.2 lists the infrastructure sectors and types that 
are considered in this report. The age, condition, location, 
and role the infrastructure plays locally are crucial factors in 

determining just how these sectors will be impacted by more 
intense and frequent flood events. 

As noted above, in 2017, the American Society of Civil 
Engineers (ASCE) gave a cumulative D+ grade to infrastruc-
ture across the United States (ASCE 2017). The individual cat-
egories of energy, hazardous waste, wastewater, schools, and 
public parks were given a D+ grade, while aviation, dams, 
drinking water, inland waterways, levees, and roads were giv-
en a grade of D. Transit was the lone category assessed at D-. 

The ASCE defines D-graded infrastructure as “mostly 
below standard, with many elements approaching the end 
of their service life” and “large portion[s] of the system 
exhibit[ing] significant deterioration” (ASCE 2017). These 
grades are based on a wide variety of factors, including infra-
structure capacity, condition, future needs, and resilience to 
long-term hazard impacts such as climate change. 

Aging and deteriorating coastal protection and water in-
frastructure are especially notable concerns, with estimates 
in the trillions of dollars for reconstruction and maintenance 
costs of wastewater, sewer, aqueduct, dam, and levee systems 
across the United States. Hundreds of billions of dollars are 
likely needed to address aging and deteriorating drinking wa-
ter, stormwater, and combined sewer systems (USGCRP 2018). 

Infrastructure Sector Infrastructure Type

Water, wastewater, and  
stormwater

Water and wastewater treatment 
plants, distribution systems, 
drainage, retention 

Transportation 
Roads, bridges, public transit, 
airports, ports 

Public facilities Community centers, schools 

Energy Electric grid of municipal utility 

Parks and open space Public parks, bike paths 

Health and emergency  
management services 

Fire and police stations,  
emergency operations centers 

Coastal protection Groins, jetties, seawalls, dams

TABLE 1.2. INFRASTRUCTURE SECTORS AND TYPES 
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Rising sea levels and increasingly frequent and power-
ful coastal storms are major threats to existing energy and 
transportation infrastructure at the local, regional, and na-
tional scales. Disruptions to road and transit networks could 
have implications for local economies, emergency services, 
and quality of life. Given our reliance on coastal shipping, 
airports, and energy resources, coastal flooding and extreme 
weather impacts to ports and energy facilities may have re-
percussions for the national economy. 

Extreme precipitation and associated flooding are also 
likely to impact municipal infrastructure throughout the 
United States. Direct flood impacts will likely include fre-
quent flooding that exceeds the capacity of stormwater sys-
tems and local drainage networks; overtopping and erosion 
of roads, bridges, and other transportation infrastructure 
due to higher river levels and faster streamflows; and more 
combined sewer overflow events that can contaminate drink-
ing water and local ecosystems (USGCRP 2018). Secondary 
impacts due to more frequent and extreme flooding can in-
clude disruptions to the mobility of local citizens and emer-
gency services, the provision of public services and access to 
public buildings, and water quality and public health. 

Compound events can cause large-scale systemic fail-
ures for complex systems such as energy, water, and trans-
portation infrastructure. Infrastructure that is designed to 
account for natural hazards such as storm surge, extreme 
precipitation, or coastal storms tends to consider impacts in 
isolation, contributing to the possibility of cascading failure 
during compound events. 

Direct investments by communities in adapting infra-
structure have not kept pace with the scale of expected future 
climate challenges and impacts (USGCRP 2018). Generally, 
the costs of replacing, repairing, or adapting infrastructure 
must compete with other more imminent concerns. Pro-
viding services and maintaining existing infrastructure 
are likely to be high priorities for many municipalities, and 
longer-term adaptation of already expensive infrastructure, 
especially given the uncertainty of the scale of flood impacts, 
may be of secondary concern in a city’s annual budget. Es-
pecially in marginalized or underresourced communities 
already struggling to provide services and maintain infra-
structure, implementing climate adaptation through larger-
scale infrastructure interventions may simply be out of reach. 
As climate impacts continue and worsen, these communi-
ties, many of which are already more susceptible to climate 
change and its impacts, will be further disadvantaged. 

The existing processes through which infrastructure 
needs are identified and infrastructure is planned, designed, 

and constructed also have not kept pace with future climate 
and flood risks. When considering natural hazard impacts, 
infrastructure planning and design generally relies upon 
static historical data, usually from within the last century. As 
the climate continues to change, the standards by which in-
frastructure design and risk assessment are based will grow 
increasingly out of date. Given the long expected lifespan of 
infrastructure and capital projects, a piece of infrastructure 
expected to function to the year 2100, but designed based on 
storm surge risk from the year 2000, will likely be far more 
vulnerable to flooding (and require far more maintenance 
and perhaps early replacement) than one designed according 
to projected sea level rise. 

Unfortunately, while integrating future f lood risk 
projections into infrastructure planning and design pro-
cesses is possible (and frequently done in communities 
with access to expertise and funding), there is no agreed-
upon standardized method for considering these risks 
in existing design codes and guidelines (USGCRP 2018). 
This can threaten smaller, marginalized, or underre-
sourced communities that do not have access to up-to-
date climate expertise, the capacity to change or evaluate 
infrastructure design processes, or the funding to hire 
staff to do either. 

OPPORTUNITIES FOR  
INFRASTRUCTURE RESILIENCE

There is a clear leadership role for planners to play in ensuring 
that communities and local infrastructure are resilient and 
adaptable to climate and flood impacts. This role includes:

• Assessing long-term infrastructure needs and under-
standing future risks to infrastructure assets; 

• Ensuring the integration of long-term climate and flood 
risks and infrastructure considerations into local plans 
and policies; 

• Advising and guiding the local capital improvements 
planning process and ensuring alignment with long-term 
resilience goals; 

• Ensuring standards, guidelines, and regulations for both 
public and private infrastructure are aligned with plans 
and local codes; and

• Working with municipal leadership and local finance 
officials to identify sources of funding that can be used 
to realize resilient infrastructure and long-term commu-
nity adaptation. 
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Figure 1.4. Planners can help their communities move beyond awareness of 

climate adaptation needs and into the vital stages of vulnerability assessment 

and planning (USGCRP 2018)

Communities across the United States are increasingly 
moving beyond awareness of climate adaptation needs and 
into the vital stages of vulnerability assessment and plan-
ning (Figure 1.4). However, on-the-ground implementation 
through local infrastructure adaptation and development 
has been limited, and there are few if any efforts underway 
focused on long-term monitoring of resilient infrastructure 
performance. Planners can help their communities continue 
to learn more about climate change impacts and assess the 
risks, plan for mitigation and adaptation, and implement and 
evaluate strategies and actions. 

Infrastructure Risk and Vulnerability Assessments
While many localities may lack the capacity to gather or 
apply local data or undertake rigorous climate impact pro-
jections, there are many publicly available data sources and 
decision- support tools to help planners evaluate the suscep-
tibility of infrastructure to future flood inundation and re-
lated climate change impacts. 

Planners should take note that fine-scale, local climate 
models may not be necessary to improve flood resilience. 
Local knowledge informed by larger, regional, or national 
scale data can be successful in enhancing positive outcomes. 
Taking action based on existing hazards and climate data re-
sources and specialized local knowledge should be central to 
the approach of planners without access to highly localized 
and downscaled data on future climate conditions. 

Applying these data to a community-wide infrastructure 
vulnerability assessment process can help a community to:

• Identify long-term climate and flood risks; 
• Evaluate how long-term climate and flood risks may im-

pact existing infrastructure assets and planned infra-
structure projects;

• Identify long-term infrastructure needs and adaptation 
measures based on potential impacts; 

• Evaluate the potential for integrating resilient infrastruc-
ture needs into plans; and

• Evaluate the potential for improving local infrastructure 
processes to ensure long-term resilience. 

Local Plan Integration
Integrating climate risks into local plans is vital to accurately 
capturing the future conditions to which existing infrastruc-
ture and any planned infrastructure projects will be subject-
ed. Therefore, local plans that are broadly aligned on infra-
structure and consider future flood risks can play a central 
coordinating role in subsequent stages of implementation. 

Building the foundation for coordinated action through 
the plan-making process will include:

• Educating and informing a variety of stakeholders with 
vastly differing levels of understanding about climate 
change, its impacts, and solutions;

• Engaging in equitable and thorough visioning and public 
engagement;

• Coordinating local planning with existing or ongoing re-
gional planning efforts, especially if those efforts address 
climate and infrastructure issues;

• Outlining the role of the local comprehensive plan in 
guiding infrastructure recommendations;

• Determining the points of intervention for integrating cli-
mate and future flood risks into the comprehensive plan-
ning process;

• Developing clear recommendations for resilient infra-
structure implementation through the determination of 
actionable goals, objectives, and action items; 

• Outlining the potential linkages between hazard mitiga-
tion, climate adaptation, and any other functional plans as 
they relate to infrastructure resilience;

• Ensuring the alignment of functional plans with long-
term comprehensive planning efforts; and
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KEY TERMINOLOGY

Here are some key terms planners 
should be familiar with when addressing 
resiliency issues. 

Adaptive capacity is the poten-
tial or ability of a system, region, or 
community to adapt to the effects or 
impacts of climate change (IPCC 2014). 
As it relates to infrastructure planning, 
adaptive capacity refers to the inher-
ent ability of a piece of infrastructure 
or an infrastructure system to adapt to 
the impacts of climate change without 
needing larger-scale modifications. A 
bridge or structure that is designed to 
be easily elevated or requires no eleva-
tion to accommodate sea level rise can 
be said to have adaptive capacity (San 
Francisco 2015). 

Climate change adaptation is 
the process of adjustment to actual 
or expected climate and its effects. 
In human systems, adaptation seeks 
to moderate or avoid harm or exploit 
beneficial opportunities (IPCC 2014). 
Climate adaptation therefore refers to 
the actual process of adapting to the 
impacts of climate change. A commu-
nity that decides to plan for and design 
a stormwater system based on future 
precipitation projections is practicing 
climate adaptation. 

Climate change mitigation is a 
human intervention to reduce the sourc-
es or enhance the sinks of greenhouse 
gases (IPCC 2014). Mitigation of climate 
change therefore refers to actions that 
seek to reduce or store greenhouse gas 
emissions and to limit future warming. 
Investing in zero- or low-emission en-
ergy sources such as wind turbines is an 
example of climate change mitigation. 

Hazard is any real or potential con-
dition that can cause damage, loss, or 
harm to people, infrastructure, equip-
ment, natural resources, or property 

(Thompson et al. 2016). Flood hazard 
refers to the combination of the overall 
likelihood of flooding and the intensity 
of the flood.

Risk is a measure of the probability 
and consequence of uncertain future 
events (Thompson et al. 2016). Flood risk 
refers to the combination of the flood 
hazard with other factors that contrib-
ute to a community’s, asset’s, or system’s 
vulnerability to flooding. 

Resilience is the ability to prepare 
and plan for, absorb, respond, recover 
from, and more successfully adapt to ad-
verse events (NRC 2012a). 

Vulnerability is the propensity or 
predisposition to be adversely affected 
(IPCC 2014). The concept of vulner-
ability as it relates to climate change 
has evolved to include larger societal 
issues such as inequality and poverty 
(Bharwani 2019). The vulnerability of an 
infrastructure system to future flooding 
can be measured by assessing the sys-
tem’s exposure, sensitivity, and adaptive 
capacity (San Francisco 2015).
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• Determining how to bridge functional plans that address 
infrastructure and flood resilience with local infrastruc-
ture implementation processes. 

Capital Improvement Plans and Planning 
Making connections between regional, comprehensive, or 
functional plans and the local capital improvement plan 
(CIP) can help communities meet long-term resilience goals. 
Planners can ensure the local CIP is informed by existing 
plans and effectively integrates future climate and flood in-
formation into project prioritization and selection processes. 

Specifically, planners can:

• Seek to expand the participation of staff, agencies, and de-
partments in the CIP process when scoping, prioritizing, 
and recommending projects for funding;

• Work to integrate climate vulnerability assessments into the 
CIP process to better understand the potential long-term 
impacts of more frequent and severe flooding on proposed 
infrastructure projects and existing infrastructure assets;

• Identify clear linkages between the goals, objectives, and ac-
tions cited in local plans and the various stages of the CIP;

• Improve project prioritization and selection processes by 
assessing the long-term value of infrastructure in light of 
more frequent or severe flood impacts over a project’s use-
ful lifespan; and

• Clearly document climate and hazards information 
sources and the rationale for project prioritization, selec-
tion, and decision making to improve stakeholder, elected 
official, and local staff understanding of the overall CIP 
process and the methods by which future flood impacts 
were considered.

Standards, Guidelines, and Regulations  
for Infrastructure Resilience
Infrastructure siting and design standards and guidelines, in 
conjunction with a variety of zoning, land-use, and associ-
ated regulatory mechanisms, can improve the resilience of 
infrastructure to more frequent and severe flooding due to 
climate change. 

Planners can:

• Help local staff to contextualize and overcome long-term 
climate uncertainty when developing local infrastructure 
siting and design standards;

• Ensure that findings, recommendations, goals, and objec-
tives from local plans are consulted in project siting and 
design phases;

• Identify potential changes to zoning and subdivision codes 
to ensure the resilience of privately developed or main-
tained infrastructure to more frequent and severe flooding;

• Help to develop a regulatory framework to reduce the 
need for stationary gray infrastructure in especially ex-
posed parts of the community and bolster the ability of 
natural green infrastructure to compensate in lieu of gray 
infrastructure; and 

• Outline the regulatory mechanisms to support commu-
nity buyouts and retreat from highly vulnerable and ex-
posed areas.

Resilient Infrastructure Finance
Infrastructure tends to be a significant and expensive in-
vestment on the part of municipalities. However, planners 
have not traditionally played a major role in the infrastruc-
ture finance process. 

The potential impacts of more frequent and severe flood-
ing due to climate change on local infrastructure, along with 
the extensive planning process preceding project selection 
and funding, offer opportunities for planners to become 
more involved in local infrastructure finance processes. 

Working with local finance officials, planners can:

• Develop a stronger understanding of the infrastructure 
funding and finance process in order to inform goals, ob-
jectives, and recommendations related to infrastructure 
resilience and adaptation in local plans;

• Identify potential funding sources and inform requests for 
proposals on grant opportunities through existing federal 
and state hazard mitigation grant opportunities; and

• Develop a strong working knowledge of emerging resilient 
infrastructure finance tools such as resilience bonds, ca-
tastrophe bonds, and green bonds.

ABOUT THIS REPORT

This PAS Report is intended for an audience that includes 
planners and floodplain managers in coastal and inland 
communities across the United States. This report is pri-
marily concerned with the intersection between local in-
frastructure and future flood risk and assumes only basic 
knowledge on the part of readers about flood hazards, cli-
mate data and information, and the infrastructure planning 
and development process. 

In some communities, the planning, design, and mainte-
nance of infrastructure, public facilities, and other public in-



AMERICAN PLANNING ASSOCIATION planning.org20

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 1

vestments can occur in isolation from planning departments 
and planners. Similarly, climate adaptation, climate risk as-
sessment, and hazard mitigation may also be isolated from the 
work of community planning. In contrast, other communi-
ties may have processes that seek to integrate long-term plan-
ning with infrastructure development and climate adaptation 
goals. This report is intended to support planners, floodplain 
managers, and other local practitioners across this wide spec-
trum with guidance suited to addressing the real challenges of 
planning for long-term resilience of infrastructure. 

The first three chapters of this report following this in-
troduction focus on preparation and planning: data and 
tools to interpret future flood risk due to climate change, the 
processes of infrastructure and community vulnerability as-
sessment, and the integration of climate and flood risk with 
planning for infrastructure. The rest of the report focuses on 
resilient infrastructure implementation through the capital 
improvement planning process; standards, guidelines, and 
regulations; and public investment. The following roadmap 
details the contents of this report. 

Chapter 2, Understanding Flood Risk With Data and 
Tools, introduces the types of flood hazards that impact com-
munities, discusses how these flood hazards are likely to be 
impacted by climate change in the present and future, and 
provides an overview of the types of data and tools available to 
practitioners for understanding and assessing flood hazards.

Chapter 3, Assessing Infrastructure Vulnerability, de-
fines what a vulnerability assessment is, explains how it can 
be useful in the context of both community-wide and infra-
structure planning, and outlines how a local practitioner can 
conduct a vulnerability assessment in advance of or concur-
rent with local planning efforts. This chapter bridges the gap 
between the availability of flood-related climate data and 
tools and their use by local practitioners in planning for long-
term infrastructure resilience. 

Chapter 4, Planning Tools for Infrastructure Resilience, 
discusses the intersection between long-term climate resil-
ience and infrastructure in the context of the local planning 
process. This chapter offers specific recommendations on how 
infrastructure resilience can be better integrated into compre-
hensive, area, and functional plans. This chapter also describes 
the various implementation processes that communities use 
to put plans into action, as a transition to the discussion of 
implementation strategies in the following chapters. 

Chapter 5, Resilient Infrastructure and the Capital Im-
provements Plan, reviews the CIP process and outlines its re-
lationship with local plans and planning. This chapter specifi-
cally addresses climate-related flood hazard risks and the role 

that climate-informed planning should play in infrastructure 
project review, ranking, and prioritization. 

Chapter 6, Standards, Guidelines, and Regulations for 
Resilient Infrastructure Development, describes the ongoing 
challenge of establishing climate-informed standards and 
guidelines for the design, siting, and construction of pub-
lic infrastructure, and outlines potential strategies for local 
practitioners to develop standards and guidelines. This chap-
ter also acknowledges the role played by privately constructed 
or managed infrastructure in communities throughout the 
United States, and the types of regulations that may be neces-
sary to ensure resilience to flood hazards. 

Chapter 7, Infrastructure Finance and Resilience, is a 
deep dive into how communities can pay for infrastructure 
that is resilient to current and future flood risk. This chapter 
outlines the existing tools communities have at their disposal 
to finance infrastructure and describes emerging financial 
instruments geared toward resilient infrastructure. 

Finally, Chapter 8, Looking Ahead, summarizes the 
roles that planners can play in building a culture of infra-
structure resilience and discusses the challenge of deep un-
certainty as an emerging issue when planning for local cli-
mate change impacts. 

The appendix to this report offers an example of how one 
jurisdiction is already integrating climate-related flood haz-
ard considerations into local planning: a checklist for assess-
ing the vulnerability of proposed infrastructure projects to 
sea level rise developed by the City and County of San Fran-
cisco’s Office of  Resilience and Capital Planning. 
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Understanding the existing and potential future flooding situations in a municipality is one of the most important first steps 
a planner can take at the outset of a planning process, or when considering potential changes to local codes and regulations. 
But for many planners and the communities they serve, this may be unknown territory. 

The combined effects of future flood impacts due to cli-
mate change are difficult to predict with certainty, but they 
are likely to strain available resources in communities across 
the country. Communities that have relied upon historical 
flood data and information for planning, siting, and design-
ing infrastructure are now faced with more severe but also 
more uncertain future conditions. 

However, in recent years, the quality and availability of 
climate information that can be used to assess future flood 
risk has improved. There is now a wide variety of tools avail-
able that can help communities plan for more intense and 
frequent future flooding. 

Planners must proactively prepare for flooding based 
not only on historical data, but also on projected trends for 
the years to come. Knowledge of future environmental con-
ditions can inform long-term planning. This information is 
essential to making educated decisions about the planning, 
design, and location of infrastructure projects and systems. 
As this awareness grows, the number of tools and data sourc-
es related to climate change and flood hazards continues to 
expand. The purpose of this chapter is to highlight a small 
number of select tools to demonstrate the options available 
for practitioners. 

This chapter outlines for planners a general approach to 
understanding climate data and how it can be used to im-
prove the public infrastructure planning process. It describes 
the types of data that exist relevant to flood hazards and lists 
critical climate data sources. Finally, it provides guidance 
for planners in finding and analyzing local data on future 
climate impacts, as well as options for partnering with aca-
demia, the government, and industry that may provide vital 
assistance to this effort.

 CLIMATE AND FLOOD HAZARD DATA TYPES 

While many localities may lack the capacity to gather data, there 
are numerous data sources publicly available to evaluate gener-
al susceptibility to flood inundation. Finely scaled local climate 
models may not be necessary to improve flood resilience. Local 
knowledge informed by larger regional- or national-scale data-
sets can be successful in enhancing positive outcomes. 

For short-term planning (e.g., a five- to 10-year timeline), 
historical data can be extrapolated and used as a reasonable 
proxy to estimate future conditions. Many historical datasets 
can be used in this context, including documented landslides, 
shoreline change over time, and river water levels. However, 
planning that extends beyond this time frame should rely on 
more sophisticated methods.

Because current climate trends are inconsistent with 
those observed in the past, there is an increasing reliance on 
complex modeling and projections that result in improved 
insight into future conditions. Modeling future climate is 
essential to planning projects with timelines greater than 10 
years into the future. It is important to note that projections 
are not intended to be precise predictions of what is to come; 
rather, they provide a range of possible outcomes that may or 
may not come to pass. The sidebar on p. 24 provides some ad-
ditional background on climate modeling. 

The primary aspects of climate that are relevant to flood-
ing, and those that require data gathering for planning pur-
poses, include sea level rise or lake level fluctuation, coastal 
erosion, extreme precipitation events, and subsidence. All of 
these factors contribute to increased inundation areas on both 
our coasts and inland areas, reducing the amount of develop-
able land, shrinking coastal habitat, threatening structures 
and infrastructure, and endangering people and property. 
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GLOBAL CLIMATE MODELS 

The four climate scenarios used by the 
Intergovernmental Panel on Climate 
Change (IPCC) are called representative 
concentration pathways, or RCPs (Figure 
2.1). These are based on the amount of 
radiative forcing (the amount of solar en-
ergy absorbed by the earth after some 
of it is reflected back into space) that 
could be expected in the future accord-
ing to assumptions about population 
growth, continued reliance on fossil fu-
els, and other socioeconomic determi-
nants (IPCC n.d.). 

The names RCP2.6, RCP4.4, RCP6.0, 
and RCP8.5 refer to the amount of addi-
tional radiative forcing that can be antici-
pated in 2100 as compared to pre-indus-
trial levels. RCP2.6 refers to a scenario in 
which strict mitigation efforts have been 
enacted and greenhouse gas emissions 

have been curbed in a substantial way, 
while RCP8.5 is the highest amount of 
radiative forcing—the scenario in which 
current trends continue and either no 
or minimal efforts are made to reduce 
emissions (IPCC n.d.). 

Many data sources and web tools 
use the RCP scenarios to inform their 
outputs. Others may simply refer to sce-
narios as “high,” “medium,” or “low.” 

Global climate information can also 
be “downscaled” to be more appropriate 
for small areas. This is done by either dy-
namical downscaling or statistical down-
scaling (Carbon Brief 2018). Dynamical 
downscaling uses regional climate mod-
els (RCMs), which are similar to global 
models but cover a smaller geographic 
extent and can therefore be run more 
quickly. Statistical downscaling involves 

Figure 2.1. The four RCP scenarios used by the IPCC (Wikimedia/Ilinri (CC0 1.0))

using observed data to determine a sta-
tistical relationship between global and 
local data and extrapolating from that. 

The validity of models, both global 
and regional, can be evaluated by using 
them to simulate past climate or weather 
events and determining how accurately 
they represent patterns that we know 
have existed previously. Such compari-
sons with the past are often called hind-
casts (Carbon Brief 2018).

More information on climate mod-
eling may be found at “Climate Models” 
(www.climate.gov/maps-data/primer/
climate-models), a National Oceanic and 
Atmospheric Agency (NOAA) primer on 
climate modeling.

http://www.climate.gov/maps-data/primer/climate-models
http://www.climate.gov/maps-data/primer/climate-models
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In coastal areas, more land may become intermittently 
or permanently underwater due to increased precipitation in 
conjunction with rising sea levels and the sinking of the land 
surface itself. Inland, flooding is also increasing in many 
places as a result of more intense and frequent storm events. 
Urbanization and the increase of impervious surfaces such 
as concrete has also been shown to exacerbate flooding in 
developed areas. 

The following sections describe the flood-relevant cli-
mate aspects listed above and explain what types of data are 
available for each. 

Sea Level Rise
Many sea level rise mapping projects utilize the “bathtub 
model” when spatially modeling sea level rise inundation for 
coastal areas. In the bathtub model, the ocean is treated as a 
static pool in which water levels increase uniformly. In this 
case, modelers add the anticipated sea level rise to the existing 
mean higher high water (MHHW) for the region of interest. 
MHHW refers to the average highest daily tide water level 
observed during the 19-year period (1960–1978) established 
as the National Tidal Datum Epoch (NOAA 2016b). 

However, there are some obvious concerns with this pro-
cess. In some communities, a 19-year interval might not be 
frequent enough to keep up with trends. NOAA uses a “mod-
ified tidal datum epoch” procedure that is appropriate for 

areas with more extreme observed changes (Szabados 2008). 
Southeast Alaska and the Louisiana/Mississippi Delta area, 
for example, use this metric because they are witnessing sea 
level changes of about 7–8 millimeters a year—several times 
greater than the worldwide average of 1.7 millimeters.

Sea level rise visualization and planning tools that em-
ploy the worldwide average of sea level rise may not account 
for variability seen on a local scale. For example, although 
sea level is rising in most places, in much of Alaska sea level 
is falling due to post-glacial rebound (the rise of land due 
to the melting of glaciers). There may also be seasonal vari-
ability due to atmospheric and oceanic circulation patterns. 
Some signals, like astronomical tide, can be accounted for. 
However, other signals such as storm surge or wind-driven 
circulation may be more difficult to factor into these models.

One of the best ways to contextualize local trends in 
relative sea level is through tidal gauge station data. Tidal 
stations are valuable because they include continuous data 
over a long duration (Figure 2.2). Dozens of these stations 
exist in nearly all coastal states and territories of the United 
States. Note that because tidal stations measure relative sea 
level rise, it may be unclear whether trends are due to land 
subsidence or water level itself rising. By consulting existing 
historical tidal station data, planners and practitioners can 
better contextualize, ground-truth, and inform the findings 
of tools that project potential sea level rise. 

Figure 2.2. Global aver-

age sea level rise from 

1880 to the present, 

based on tide gauges 

and satellite measure-

ments (U.S. EPA 2016)
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Data from all U.S. and international tidal gauge stations 
can be found on NOAA’s “Tides and Currents” website (https://
tidesandcurrents.noaa.gov/sltrends/index.shtml).

Planners should also consider subsidence of the land sur-
face in conjunction with sea level rise. Subsidence is the gradu-
al settling or sudden sinking of the Earth’s surface due to sub-
surface movement of earth materials. It can confound sea level 
rise projections, as noted above in the Alaska example. 

According to the U.S. Geological Survey (USGS), more 
than 17,000 square miles and 45 states experience subsidence 
to some degree. A majority of land subsidence in the United 
States can be attributed to human activity, namely ground-
water extraction (USGS 2017). If sea level rises as the sur-
face of the Earth itself simultaneously falls, this exacerbates 
flooding impacts. 

Lake Levels 
Lakes are also subject to changes in water levels that can be 
detrimental to nearby communities. Unlike sea levels, lake 
levels can be far more variable over short time frames, with 
levels in the Great Lakes rising and falling regularly since re-
cord keeping began in 1860 (Figure 2.3).

Temperatures in the Great Lakes have seen a modest in-
crease since the 1990s. This contributes to increasing rates of 
evaporation and may be one of several causes for observed 
declines in lake levels. However, many highly interconnected 
variables such as seasonal temperature swings, precipitation 
rates, and ice cover also play major roles in determining Great 
Lakes water levels. 

While early climate projections initially pointed to a 
long-term trend of lower lake levels over the coming de-
cades, newer science indicates comparatively minor declines, 
though there are large margins of error in these projections 
(Environmental Law and Policy Center 2019). Additionally, 
this describes a long-term average. Periods of highly variable 
lake levels are expected, with the potential for rapid swings 
between high and low extremes. 

The unpredictability of lake levels over the coming de-
cades due to climate change poses significant challenges to 
the effective use of lake level data in local planning. The high-
ly contextual and interconnected nature of lake levels with 
uncertain weather patterns, precipitation rates, and changes 
in temperature contribute to this challenge. Planners should 
take special care when working with lake level data to fac-
tor these significant degrees of uncertainty into their assess-
ments of infrastructure vulnerability and long-term plans. 

Coastal Erosion
The shape of our coastlines, as well as the shorelines of the 
Great Lakes and all the lakes and rivers in the United States, is 
constantly changing as land both accretes (grows) and erodes 
due to wave action. Knowledge of which coastlines or shore-
lines are likely to degrade due to high-intensity storm events 
or other processes—and at what rate these changes are likely 
to happen—can be extremely valuable to coastal planners 
and developers as they site facilities near the shore. 

Creating projections of future shoreline erosion is chal-
lenging and unreliable. Therefore, most erosion data is based 
on historic photographs supplemented by modern sources 
such as Lidar and satellite imagery. By comparing past shore-
line extent with today, general rates of erosion or accretion 
can be estimated for a given time period. However, the fine-
scale nature of coastal features will likely necessitate site-level 
analysis rather than use of a national data source. 

Figure 2.3. Lake level fluctuations from 1860 to 2015 on the Great Lakes (NOAA 

2016a)

https://tidesandcurrents.noaa.gov/sltrends/index.shtml
https://tidesandcurrents.noaa.gov/sltrends/index.shtml
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Extreme Precipitation Events
High-intensity precipitation events are one of the most direct 
causes of flooding. While large volumes of rainwater over 
a long period of time can often be managed via absorption 
into soil or through engineered systems, capacity is severely 
limited when this volume arrives suddenly. If this excess wa-
ter cannot infiltrate into the ground or exceeds sewer system 
capacities, it pools at the surface and floods businesses, facili-
ties, and homes. 

Unfortunately, events of this nature are becoming more 
and more common across nearly all of the United States (Fig-
ure 2.4). As the atmosphere warms, it can hold more water va-
por; in turn, the amount of precipitation falling in very heavy 
events (the heaviest one percent of all daily events) increases. 
In 2017, Hurricane Harvey unleashed over 50 inches of rain 
in a matter of days in the Houston area, dramatically exceed-
ing that region’s average August rainfall of 3.54 inches.

The occurrence of high-intensity precipitation events is 
more difficult to project than other climate variables such 
as temperature and sea level rise. Precipitation on a national 
scale is measured at weather stations throughout the United 
States and abroad. These stations measure precipitation as 
well as temperature, wind speed and direction, humidity, and 
other important climatic variables. 

Data from these stations is managed by NOAA’s Nation-
al Centers for Environmental Information (NCEI). Station 
locations, as well as information about how long they have 

been in operation, can be found on NOAA’s “Land-Based 
Station Data” website (www.ncdc.noaa.gov/data-access/land 
-based-station-data). This raw data can be downloaded for 
free. However, other tools exist that may be more intuitive to 
the end user, as described later in this chapter.

Storm Surge
Storm surge refers to the abnormal rise of water generated 
by a storm (Figure 2.5, p. 28). Storm surge is created by water 
being pushed to shore by strong winds related to hurricanes 
or other coastal storms, and it can be exacerbated when it 
coincides with high tide. 

Seiches are a form of storm surge that occur in enclosed 
or partially enclosed bodies of water (e.g., lakes, harbors, or 
bays). They can be a result of changes in pressure or sustained 
high winds, in addition to offshore storms. 

Storm surge is measured and recorded by three means: 
tide stations, Federal Emergency Management Agency 
(FEMA)/USGS High Water Marks (HWMs), and pressure 
sensors. There are 175 tide stations throughout the United 
States that continually operate and provide data for storm 
surge estimates. HWMs are marks on trees and other struc-
tures that display the highest extent of previous floods. Flood 
extent can be observed due to mud or other debris that leaves 
behind a mark after the flood waters recede. HWMs are vi-
sually striking and helpful for both awareness and data col-
lection but may be subjective and can be destroyed. Pressure 
sensors are temporary water level and barometric sensors 
that can provide information about storm surge duration, 
times of arrival and retreat, and maximum depths (Nation-
al Hurricane Center n.d.a.). These are the newest means of 
storm surge data gathering. 

Storm surge flooding poses a serious threat to coastal 
communities and their infrastructure. The relative unpre-
dictability of coastal storms and the relationship between 
sea level rise and storm surge impacts are a major chal-
lenge to overcome for planners. However, a thorough un-
derstanding of what storm surge is and how it is measured 
and assessed is critical to effectively considering its im-
pacts for the purposes of vulnerability assessment, long-
term infrastructure planning, and infrastructure siting 
and development. 

FINDING TOOLS AND DATA

While many types of climate data are helpful for local in-
frastructure planning, finding them can be a real challenge 

Figure 2.4. Observed changes in very heavy precipitation events (the heaviest one 

percent of all daily events) from 1958 to 2012 (USGCRP 2014)

http://www.ncdc.noaa.gov/data-access/land-based-station-data
http://www.ncdc.noaa.gov/data-access/land-based-station-data
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for local planners and allied professionals. From intuitive, 
public-friendly mapping interfaces to sources of raw data that 
can be exported into Excel or ArcGIS, there are many options 
from which to choose. 

For planners balancing many responsibilities, navigating 
these potential sources of information can be overwhelming 
and confusing. However, thinking critically about how this 
information will be used for the purposes of planning for 
more resilient infrastructure can help to make this search a 
bit more manageable. 

Before choosing a tool or data resource, planners should 
consider (1) their own ability to interpret and understand 
this information, (2) the audience with which this informa-
tion will be shared, and (3) the ultimate product that they 
hope to create. 

If this information will be used to justify infrastructure 
planning decisions to a broad audience or will be presented to 
the public, tools that will produce clear and easy-to-interpret 
maps may be the best option. Alternatively, if engineering 
staff require data on increasing precipitation for use in assess-
ing future stormwater system capacity, then an emphasis on 
the precision and utility of the dataset, rather than mapping 
functionality, would be the priority. 

This section presents a series of decision-support tools 
and data resources that vary in ease of use, geographic extent, 
and intended purpose. Many of the sources described are na-
tionally produced and can be used in most parts of the coun-
try. Established resources (such as FEMA’s Flood Insurance 
Rate Maps) are included alongside more dynamic tools fo-
cusing on future projections (such as NOAA’s Sea Level Rise 

Viewer) in order to capture as complete a picture as possible 
for both present and historic conditions and future scenarios. 

Regional-scale tools available for assessing future cli-
mate are even more numerous than those at the national 
level, with new data resources emerging annually. The side-
bar on pp. 34–35 highlights two examples of local- and re-
gional-scale tools from the Northeast that may be helpful to 
planners in those areas. 

Additionally, a growing body of guidance exists to help 
planners and other practitioners better understand and use 
the data and decision-support tools available to assess cli-
mate-related flood risks. One such resource is the report Fu-
ture Conditions Risk Assessment and Modeling, developed for 
FEMA by the federal Technical Mapping Advisory Council. 
This resource is further described in the sidebar on p. 36.

FEMA Map Service Center
The information conveyed by FEMA’s Flood Insurance Rate 
Maps (FIRMs) are a useful starting point for establishing the 
baseline of local flood risk. 

FEMA’s Map Service Center should be the first stop for 
planners in finding information about flood vulnerability in 
any community. Here, the most up-to-date flood maps cre-
ated through the National Flood Insurance Program (NFIP) 
can be found by searching addresses, places, or latitude and 
longitude coordinates. An interactive version of this infor-
mation can be accessed through the National Flood Haz-
ard Layer (NFHL) dataset (www.fema.gov/national-flood 
-hazard-layer-nfhl), which is a regularly updated compila-
tion of effective FIRMs. 

Figure 2.5. Storm surge 

heights are cumulative-

ly based on the mean 

sea level, the height 

of the tide, and the 

high volume of water 

pushed toward the 

shore by coastal storms 

(National Hurricane 

Center n.d.b.)

http://www.fema.gov/national-flood-hazard-layer-nfhl
http://www.fema.gov/national-flood-hazard-layer-nfhl
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Flood zones in the NFHL are color-coded to represent 
the probability of inundation from various flooding events. 
Interpreting this information requires an understanding of a 
few foundational terms regularly used in flood hazard miti-
gation planning (FEMA 2019a) and basic knowledge of the 
types of flood zones that FEMA uses to delineate flood risk 
(Table 2.1): 

• BFE stands for “base flood elevation,” the height to which 
floodwater is expected to rise during a base flood (the 100-
year or one percent annual chance flood) and the regulatory 
requirement for the elevation or floodproofing of structures. 

• SFHA stands for “special flood hazard area,” the area in-
undated by floodwaters in a base flood that is subject to 
FEMA’s regulatory requirements (Figure 2.6). 

Zone A

The 100-year or base floodplain. There are six types of A Zones:

A: The base floodplain mapped by approximate methods; BFEs are not determined. This is often called an unnumbered A Zone 
or an approximate A Zone.

A1–A30: These are known as numbered A Zones (e.g., A7 or A14). This is the base floodplain where the FIRM shows a BFE (old format).

AE: The base floodplain where base flood elevations are provided. AE Zones are now used on new format FIRMs instead of A1–
A30 Zones.

AH: Shallow flooding base floodplain. BFEs are provided.

A99: Area to be protected from base flood by levees or Federal Flood Protection Systems under construction. BFEs are not determined.

AR: The base floodplain that results from the decertification of a previously accredited flood protection system that is in the 
process of being restored to provide a 100-year or greater level of flood protection.

Zone V and VE
V: The coastal area subject to a velocity hazard (wave action) where BFEs are not determined on the FIRM. 

VE: The coastal area subject to a velocity hazard (wave action) where BFEs are provided on the FIRM.

Zone B and 
Zone X 
(shaded)

Area of moderate flood hazard, usually the area between the limits of the 100-year and 500-year floods. B Zones are also used 
to designate base floodplains of lesser hazards, such as areas protected by levees from the 100-year flood, or shallow flooding 
areas with average depths of less than one foot or drainage areas less than one square mile.

Zone C and 
Zone X (un-
shaded)

Area of minimal flood hazard, usually depicted on FIRMs as above the 500-year flood level. Zone C may have ponding and local 
drainage problems that do not warrant a detailed study or designation as base floodplain. Zone X is the area determined to be 
outside the 500-year flood and protected by levee from 100-year flood.

Zone D Area of undetermined but possible flood hazards.

TABLE 2.1. FEMA’S NATIONAL FLOOD INSURANCE PROGRAM FLOOD HAZARD ZONES 

Source: FEMA 2005

Figure 2.6. Cross-section 

view of the special flood 

hazard area (FEMA)
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It is extremely important for planners to understand 
that FIRMs do not depict future areas of concern based on 
projections; they only describe current conditions. FIRMs 
do not consider sea level rise, changes in shoreline charac-
teristics, or more frequent extreme precipitation events. To 
plan for infrastructure that will be resilient to more severe 
flooding requires the use of data and tools that consider 
future conditions. These future-oriented tools and data re-
sources are presented below. 

U.S. Climate Resilience Toolkit 
The U.S. Climate Resilience Toolkit (https://toolkit.climate 
.gov) is an effort by NOAA to share case studies, tools, and 
information resources to help communities develop work-
able solutions to reduce climate-related risks. It also allows 
individuals to access training courses or local climate sci-
ence centers for more individualized information. The in-
tended audience for the interface is broad, from city officials 
to the general public. 

The Climate Resilience Toolkit is a good first step for lo-
cal planners to gain a general understanding of the concept 
of resilience and how to better integrate it into local planning 
and implementation. The Toolkit provides direct access to a 
curated series of decision-support tools and data resources 
that can be filtered by topic, function, and region. Several of 
these tools are listed below. 

Sea Level Rise and Coastal Flood  
Web Tools Comparison Matrix
There are dozens of tools, web interfaces, and mapping pro-
grams available to a planner interested in climate change adap-
tation. However, it may be overwhelming to determine which 
are most appropriate for the region, scale, and user’s skill 
level. The Sea Level Rise and Coastal Flood Web Tools Com-
parison Matrix (http://sealevel.climatecentral.org/matrix), 
developed in a partnership between NOAA, The Nature 
Conservancy, and the nonprofit environmental news orga-
nization Climate Central, can help users easily compare and 
contrast this plethora of tools. 

With this matrix, a planner can compare web-based sea 
level rise and coastal flood risk tools available for any given 
state (Figure 2.7, p. 31). The matrix describes the features of 
each tool, including the level of skill required, how recently 
it was updated, and the geographic scope. It also lists the top 
three strengths and limitations of that approach and provides 
quick links and contact information for all included tools. 

The Sea Level Rise and Coastal Flood Web Tools Com-
parison Matrix is a good first step for navigating the multi-

tude of available tools for a particular state. Planners can re-
view the matrix and decide for themselves which tool suits 
their needs best. Two of the tools included in the matrix, the 
Sea Level Rise Viewer and the Surging Seas Risk Zone Map, 
are explored in detail below. 

The matrix only applies to the coastal states and Hawaii; 
it is not adapted for Puerto Rico, the Virgin Islands, or the 
U.S. Territories, including Guam. Moreover, if a dataset is 
newer than the most recent update of the matrix, it may not 
be found here. 

Sea Level Rise Viewer
NOAA’s Office for Coastal Management developed the Sea 
Level Rise Viewer (https://coast.noaa.gov/slr) to provide vi-
sual and geospatial information on community-scale impacts 
related to sea level rise and coastal flooding. The viewer is 
particularly useful for planners and other allied professionals 
who are developing plans and assessing vulnerability to long-
term flooding associated with sea level rise. 

The Sea Level Rise Viewer covers all coastal states and U.S. 
territories and uses the “bathtub” model, which makes infer-
ences about flood inundation based on the available elevation 
data. It allows for mapping of coastal flooding due to sea level 
rise at one foot increments up to 10 feet above average high 
tides. These dynamic and interactive capabilities are especially 
useful for planners seeking to spatially assess community vul-
nerability to sea level rise across a wide array of scenarios. 

The related local scenario function allows users to select 
and compare flooding across five distinct scenarios of sea lev-
el rise, ranging from intermediate-low to extreme (see Table 
3.2, p. 44). Additionally, the Sea Level Rise Viewer directly 
integrates contextual information on social vulnerability and 
impacts to the natural environment (especially on the migra-
tion of critical marsh habitat). The viewer also provides need-
ed context on mapping confidence, which is indicated on the 
maps as a color-coded range from high confidence of inunda-
tion to high confidence of dry land.

In addition to the visual and geospatial capabilities of 
the tool itself, users can also download data on sea level rise 
extent, sea level rise depth, mapping confidence, flood fre-
quency, and the local Digital Elevation Model, which includes 
detailed information on mapped elevations. This raw data is 
available at the county level for all coastal states and territo-
ries. Users can then integrate this data into GIS analyses for 
the purposes of assessing impacts and vulnerability across a 
wide variety of sectors for which local GIS data is also avail-
able. This analysis may include overlaying mapped sea level 
rise under various scenarios with local geospatial informa-

https://toolkit.climate.gov/topics/coastal-flood-risk
https://toolkit.climate.gov
https://toolkit.climate.gov
http://sealevel.climatecentral.org/matrix
https://coast.noaa.gov/slr/
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tion on the location and condition of infrastructure assets 
and systems. This is explored in more depth in Chapter 3 as 
part of the vulnerability assessment process. 

It is important to note that the Sea Level Rise Viewer is 
primarily intended as a planning tool at the community scale. 
Therefore, while it is extremely useful in assessing potential 
inundation broadly across coastal geographies, it should only 
be a starting point for more detailed local analysis when used 
at the site or building scale. 

Given these capabilities, the Sea Level Rise Viewer and 
the underlying data that it makes available for download is 
an effective first step for communities looking to assess their 
vulnerability to sea level rise. It can be directly integrated into 
local plans to understand and contextualize potential future 
conditions or consulted on an as-needed basis when making 
decisions about infrastructure siting or long term exposure, 
and it can form the basis for local and highly contextual anal-
yses when fed into GIS software. It is a versatile and useful 

Figure 2.7. Screenshot of a portion of the output for the Sea Level Rise and Coastal Flood Web Tools Comparison Matrix for Florida (The Nature Conservancy, 

NOAA’s Office for Coastal Management, and Climate Central)



AMERICAN PLANNING ASSOCIATION planning.org32

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 2

tool, and—in the absence of highly specific (and expensive) 
locally developed models—can be the foundation for a com-
munity’s infrastructure adaptation and resilience strategy. 

Surging Seas Risk Zone Map
The Surging Seas Risk Zone Map (https://ss2.climatecentral 
.org) is a global sea level and flood visualizer created by Cli-
mate Central. With this tool, a user can explore inundation 
risk worldwide based on data gathered by more than 1,000 
tide gauges. Each of the 1,000 gauges marked on this interac-
tive map has downloadable sea level rise projections through 
the year 2200 for three scenarios: extreme carbon cuts, mod-
erate carbon cuts, or unchecked carbon emissions (Figure 2.8). 

The Surging Seas Risk Zone Map is a versatile tool that 
incorporates social vulnerability, demographics (including 
ethnicity, income, and population), property values, and 
landmarks such as critical infrastructure facilities. It also 
provides the anticipated date when each level of inundation 
can be expected given different emissions scenarios. 

While the Surging Seas Risk Zone Map is easy to use, it 
does have limitations. It assumes no changes in the patterns 
of coastal storms, which is unlikely based on existing climate 
models. It also assumes that conditions in nearby communi-
ties can be extrapolated to others when data is missing for 
some communities, which may not always be the case. How-

ever, these limitations are common across tools that map sea 
level rise inundation and impacts and should not preclude 
their use at the community-wide scale. 

The Surging Seas Risk Zone Map can be used at much 
the same scale as NOAA’s Sea Level Rise Viewer. It can be an 
effective tool for assessing community-wide vulnerability 
under multiple inundation scenarios and can be an effective 
way of guiding planning and decision making about coastal 
infrastructure siting. 

Great Lakes Lake Level Viewer
NOAA’s Great Lakes Lake Level Viewer (https://coast.noaa 
.gov/llv) is an accessible and versatile tool for assessing the 
impacts associated with changes in lake level for communi-
ties along the Great Lakes. It offers similar functionality as 
NOAA’s Sea Level Rise Viewer and allows for dynamic and 
interactive mapping and visualization of lake level changes 
across a 12-foot range from six feet below to six feet above the 
long-term average lake level. The viewer also incorporates vi-
sualization of social vulnerability factors, economic data, and 
mapping confidence. 

Raw data pertaining to water depths, mapping confi-
dence, social vulnerability, and the Digital Elevation Model 
are available at the county scale for all Great Lakes states. As 
with the Sea Level Rise Viewer, users can then conduct analy-

Figure 2.8. Screenshot of Surging Seas Risk Zone Map for Boston with five feet of sea level rise (Climate Central)

https://ss2.climatecentral.org
https://ss2.climatecentral.org
https://coast.noaa.gov/llv/
https://coast.noaa.gov/llv/
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ses by downloading and overlaying this data with local geo-
spatial data in GIS software. This basic analysis carries signif-
icant benefits for assessing the vulnerability and exposure of 
existing and planned infrastructure assets. Planners should 
be aware that this tool and data is best suited for community-
level analyses and planning, or as a starting point for decision 
making at the site or project scale. 

Additional Sources for Data, Tools, and Guidance
Data sources and tools available through FEMA, NOAA, and 
other organizations have expanded in geography and func-
tionality over time, with coastal communities and sea level 
rise modeling included in a variety of potential resources. 
However, communities may require more specific informa-
tion, locally developed or contextual models, or technical as-
sistance in interpreting available data. Below are a series of 
sources for building technical capacity, developing or discov-
ering new sources of contextually appropriate local data, or 
interpreting and putting flood hazard data to use.

NOAA Digital Coast. NOAA’s Digital Coast is a highly 
comprehensive clearinghouse of raw data resources, decision-
support tools, technical guidance, and education on data in-
terpretation and use in local practice for coastal flooding and 
coastal natural resources across the United States. Many of 
the tools available on the Digital Coast website are developed 

for use in specific regions and may offer a more contextually 
appropriate scale for local infrastructure planning and deci-
sion making than national-level tools. The technical guidance 
available from the Digital Coast can be extremely beneficial 
for communities and practitioners looking to build capacity to 
use climate data and associated decision-support resources as 
part of their planning efforts. More information on the Digital 
Coast is available at https://coast.noaa.gov/digitalcoast. 

NOAA Regional Climate Centers (RCCs). Managed by 
NOAA’s National Centers for Environmental Information 
(NCEI), RCCs provide climate data services to six regions in 
the United States, including Puerto Rico (Figure 2.9). The key 
roles of RCCs are to develop and host climate data resources 
and assist in integrating non-NOAA climate data with tra-
ditional NOAA data sources. RCCs can be helpful in con-
textualizing climate data for use at the local level, and they 
can also help to build capacity through technical education 
resources. More information on the products and services of-
fered by RCCs is available at www.ncdc.noaa.gov/customer 
-support/partnerships/regional-climate-centers.

NOAA Regional Integrated Sciences and Assessments 
(RISA). The RISA program exists to support both public and 
private research teams in producing data and advising lo-
cal, regional, state, and tribal governments. RISA staff work 
directly with climate scientists but can also help communi-

Figure 2.9. NOAA’s 

Regional Climate 

Center program regions 

(NOAA NCEI)

https://coast.noaa.gov/digitalcoast/
http://www.ncdc.noaa.gov/customer-support/partnerships/regional-climate-centers
http://www.ncdc.noaa.gov/customer-support/partnerships/regional-climate-centers
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LOCAL AND REGIONAL TOOLS: TWO OPTIONS IN THE NORTHEAST

The Hudson River Flood Impact Decision 
Support System (Version 2) is an interac-
tive mapping application produced by 
Columbia University (Figure 2.10). With 
this tool, residents of the Hudson River 
watershed in New York State can see, 
on a city block scale, the anticipated im-
pacts of several sea level rise scenarios 
and flooding on critical infrastructure, 
natural features, and social vulnerability. 

Sea level rise scenarios are avail-
able from zero to six feet above the base 
mean sea level from 1983 through 2001. 
The application also includes flood event 
scenarios with different return periods 
(the average amount of time between 
events of this size). The output “impact 
summary” includes an estimation of fi-
nancial losses, which can generate more 
support or stronger rationales for better 
floodproofing. 

The application has many built in 
“help” options, including a yellow “i” but-
ton next to each part of the scenario 
builder that guides the user to the sce-
nario best for them. This tool is quite 
comprehensive and can be a one-stop 
shop to evaluate several potential im-
pacts of flooding.

The Hudson River Flood Impact De-
cision Support System may be accessed at 
www.ciesin.columbia.edu/hudson-river 
-flood-map/index_new.html. A similar 
tool for the Boston area, Coastal Flood 
Impacts for the City of Boston, may be 
found at http://ciesin.columbia.edu/fib.

Another potentially useful tool for 
New York State is the Intensity Duration 
Frequency Curves created by the North-
east Regional Climate Center at Cornell 
University (http://ny-idf-projections.nrcc 
.cornell.edu). Here, planners can choose 

a high or low emissions scenario and, 
with relative ease, produce downscaled 
projections of extreme rainfall within the 
state to the year 2099 (Figure 2.11, p. 35). 

This tool provides the total volume 
of rain associated with different events. 
The planner or engineer is responsible 
for layering that additional water on 
existing topography to determine the 
resulting inundation. Intensity, duration, 
and frequency of precipitation are all 
considered. 

While perhaps less valuable for 
capital infrastructure planning, another 
interesting feature for raising awareness 
is a grid map of the entire state with pro-
jected changes of precipitation showing 
how different parts of the state compare 
to one another. 

Raw data for this site comes from 
157 National Weather Service Coop-

Figure 2.10. Screenshot of expected inundation in Albany, New York, given 12 inches of sea level rise and a flood event return period of five years (Center for International 

Earth Science Information Network, Columbia University,  with New York State Energy Research and Development Authority support)

http://www.ciesin.columbia.edu/hudson-river-flood-map/index_new.html
http://www.ciesin.columbia.edu/hudson-river-flood-map/index_new.html
http://ciesin.columbia.edu/fib/
http://ny-idf-projections.nrcc.cornell.edu/
http://ny-idf-projections.nrcc.cornell.edu/
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erative Observer Program stations with 
long-term precipitation data covering the 
years 1961–2010. Modeling was used for 
both historical and future trends; histori-
cal trends were calculated to ensure that 
the values found for the future were valid.

The required skill level for this tool is 
greater than previously described tools. 
It may require a user with engineering 
background to translate these precipita-
tion curves to spatial inundation.

Figure 2.11. Screenshot of intensity duration frequency curve for Big Moose station, using a 100-year return period and high emissions scenario (Northeast Regional 

Climate Center, Cornell University) 
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A FRAMEWORK FOR INTEGRATING 
CLIMATE SCIENCE AND FUTURE 
FLOOD RISK 

In 2013, Congress chartered the Techni-
cal Mapping Advisory Council (TMAC), a 
group made up of national experts in risk 
modeling, flood science, and climate sci-
ence, to develop detailed guidance for 
FEMA on integrating climate science and 
advanced future risk modeling into flood 
risk assessments. Two years later, TMAC 
issued its report, titled Future Conditions 
Risk Assessment and Modeling. Planners 
and other local practitioners can use this 
report to better understand climate infor-
mation, data, and decision-support tools.

The report offers a series of recom-
mendations for coastal and riverine flood 
risk assessment. Recommendations 3 and 
4 comprehensively describe the variables 
of future flood risks; list data needs and 
authoritative sources on topic areas such 
as topography, shoreline and riverine 
erosion, coastal and riverine water levels, 
demographics, and land use; and explain 
how practitioners can use this informa-
tion to assess community-wide risk.

The report also outlines approaches 
for dealing with uncertainty and the chal-
lenges of estimating future flooding. Per-
haps most critically, Recommendation 5 
defines a philosophy of flood risk man-
agement that offers local practitioners 
a framework for using climate science in 
the local planning context. This approach 
is based on the need for future condi-
tions to be directly integrated into the 
“standard methods” for local flood risk as-
sessment, with special considerations for 
quantifying and accounting for the un-
certainty of not only climate-related flood 
hazards such as sea level rise or extreme 
precipitation, but also changes in demo-
graphics and the built environment.

The full report can be found at 
https://tinyurl.com/s3t2qn7. 

ties appropriately communicate the science to the public and 
officials. Currently, RISA supports over 100 projects, which 
are described on its website, https://cpo.noaa.gov/Meet-the 
-Divisions/Climate-and-Societal-Interactions/RISA. 

State Hazard Mitigation Officers (SHMOs). State haz-
ard mitigation officers are responsible for coordinating state 
hazard mitigation policy, overseeing completion of the state 
hazard mitigation plan for FEMA, and working with local 
governments. As a result, they can be good sources of impor-
tant data and policy information. The Association of State 
Floodplain Managers maintains a directory of SHMOs, which 
may be accessed at www.floods.org/index.asp?menuID=767. 

Regional planning organizations. Regional planning or-
ganizations coordinate planning efforts of multiple localities 
in matters that are regional-scale concerns, sometimes includ-
ing climate and hazards. Often, their capacity exceeds that of 
local planning departments. They may be able to provide tech-
nical assistance or partner in finding or developing new data. 
For example, the Chicago Metropolitan Agency for Planning 
recently worked with several partners, including NOAA and 
the American Planning Association, to develop climate vul-
nerability assessments for four pilot communities in the region 
and created guidance to help Great Lakes communities use 
climate information in local planning processes (APA 2019). 

Local universities. Often, local universities have profes-
sors, staff, and graduate students studying climate-relevant 
phenomena. These individuals and departments may have 
data archives and may also be gathering new data. Potential 
departments of interest include environmental sciences, civil 
or environmental engineering, and atmospheric and oce-
anic sciences. Colleges and universities involved in NOAA’s 
National Sea Grant College Program (https://seagrant.noaa 
.gov) are especially notable as potential sources of informa-
tion and guidance on issues related to natural resources, cli-
mate change, conservation, and flooding on the coasts. Local 
universities may also have dedicated science libraries and li-
brarians to provide additional guidance. 

Data from neighboring communities. If one commu-
nity has robust climate data and is willing to advise, it is pos-
sible that its measurements, data, and projections would also 
be appropriate for other nearby communities. Communities 
with similar conditions and goals may decide to pool resourc-
es and support future data gathering. 

Anecdotal evidence from community members. Often-
times, community members who have been in the area for 
many years can remember the extent of past flooding that 
they experienced on their own properties. Some may have 
even documented high water marks on the sides of their 

https://tinyurl.com/s3t2qn7
https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA
https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/RISA
http://www.floods.org/index.asp?menuID=767
https://seagrant.noaa.gov/
https://seagrant.noaa.gov/
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homes or businesses. Gathering this anecdotal evidence can 
be useful in planning for future events.

CONCLUSION 

Climate data can be intimidating for professionals who lack 
a robust science background. Developing a basic understand-
ing of the various types and sources of climate data and the 
many tools available to support decision making is crucial 
to both establishing existing vulnerability and planning for 
infrastructure that is resilient to more frequent and severe 
flooding. Planners’ efforts to learn how climate data resourc-
es are created, who maintains them, and how they can be ap-
propriately used is time well spent toward securing the safety 
of their communities.

But gathering information is just the first step. A wealth 
of climate data may be functionally useless if it is not ap-
plied to the planning process. The application of available 
information about future flood risk is especially important 
for making decisions about long-term infrastructure invest-
ments, adapting existing infrastructure assets, and siting and 
designing new infrastructure. 

Once planners are armed with relevant climate data and 
appropriate decision-support tools, they can begin assess-
ing the vulnerability of existing and proposed infrastructure 
in their communities. Chapter 3 discusses the vulnerability 
assessment process in detail, outlines specific use cases for 
climate information, and provides a framework for future 
planning and decision making that advances long-term in-
frastructure resilience. 



CHAPTER 3
ASSESSING 
INFRASTRUCTURE 
VULNERABILITY
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The previous chapter outlined how planners and allied professionals might go about finding data sources and using tools 
to better understand the potential local impacts of climate change. With this foundation in place, communities can use this 
information to more deeply assess the vulnerability of existing local infrastructure to more frequent and severe flooding, and 
to also make informed decisions about placing new infrastructure out of harm’s way. 

An infrastructure vulnerability assessment is a power-
ful and versatile tool for improving local resilience to climate 
change. These assessments can be used to 

1. Define the baseline conditions of local infrastructure, 
2. Establish the impacts of future flooding on this infra-

structure, 
3. Outline community needs for new infrastructure, and 
4. Establish a process for ensuring that any new infrastruc-

ture is resilient to long-term climate impacts. 

Assessing infrastructure vulnerability is less a defined 
stage within a rigid process of planning and implementation 
and more a tool that can be used, referred to, and built upon 
throughout the development of a plan; during selection of 
infrastructure projects for funding; and in the siting, design, 
construction, and maintenance of those projects. 

Assessing infrastructure vulnerability to future flood 
impacts can also contribute to and be informed by social 
vulnerability factors. This can help improve environmen-
tal justice outcomes related to flood risk, project siting, and 
the delivery of services for underresourced communities. A 
holistic understanding of infrastructure vulnerability to cli-
mate change that integrates social vulnerability can help to 
safeguard those most at risk of impacts due to sea level rise, 
coastal storms, and extreme precipitation. 

This chapter explains the process for assessing infra-
structure vulnerability to more frequent and severe flooding 
due to climate change. First, it outlines the utility of infra-
structure vulnerability assessments to the overall infrastruc-
ture planning and implementation process. This section de-
fines the process by which planners and allied professionals 

can assess the vulnerability of infrastructure across a com-
munity through an inventory of existing assets, an evaluation 
of asset exposure and sensitivity to future flooding, and the 
outlining of an adaptation action plan. This process includes 
considerations for assessing existing assets that may require 
replacement or adaptive actions to increase long-term resil-
ience to flood impacts. It also addresses assessing the vulner-
ability of new or proposed infrastructure in advance of proj-
ect selection, siting, design, and funding. 

This chapter also discusses the role of planners in inte-
grating social vulnerability factors into the infrastructure 
vulnerability assessment process and outlines the impor-
tance of equity and environmental justice considerations to 
infrastructure planning and decision making. Finally, case 
study examples discuss how San Francisco and Toledo, Ohio, 
have approached assessing infrastructure and community 
vulnerability to flood impacts due to climate change. 

INFRASTRUCTURE VULNERABILITY  
ASSESSMENT

For local practitioners, a vulnerability assessment is useful 
as a primary reference throughout the planning and imple-
mentation process. In the visioning stage, understanding in-
frastructure conditions and vulnerability to future flooding 
can help to inform long-term goal setting and build aware-
ness around infrastructure deficiencies and climate threats 
among local stakeholders. 

As part of the planning process, an infrastructure vul-
nerability assessment is critical to understanding existing in-
frastructure conditions, developing recommendations, and 
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building specific goals, objectives, and action steps regarding 
the adaptation of existing infrastructure and the planning 
of new infrastructure assets. As part of the capital improve-
ments planning (CIP) process, infrastructure vulnerability 
assessments can inform efforts to inventory and prioritize 
infrastructure projects for funding and development. 

Finally, as a reference for the development of resilient 
infrastructure standards and guidelines, vulnerability as-
sessments can be used to understand how factors such as sea 
level rise, coastal storms, and extreme precipitation can be 
factored into the siting and design of new infrastructure proj-
ects to ensure long-term resilience. 

An infrastructure vulnerability assessment evaluates the 
exposure, sensitivity, and adaptive capacity of existing and 
planned infrastructure to climate impacts, allowing practi-
tioners to create plans for adaptation (Figure 3.1). By consid-
ering both existing infrastructure assets and any planned or 
proposed projects, planners and the communities they serve 
can develop a strong understanding of infrastructure needs, 
community-wide risk, and the particular actions needed for 
specific infrastructure assets or systems. 

Step 1: Inventory Existing Infrastructure  
Assets and Systems
Conducting an inventory of existing infrastructure assets 
and systems across the community is a critical first step to-
ward assessing overall infrastructure vulnerability to more 
frequent and severe flooding due to climate change. 

Generally, an infrastructure inventory lists and catego-
rizes all infrastructure assets and systems for which a mu-
nicipality is responsible. Table 1.2 in Chapter 1 (p. 16) can be 
helpful in understanding what infrastructure types to con-
sider for inclusion. Age, condition, location, and any other 
pertinent or available information should be included in the 
inventory. Additionally, it is vital for local staff to identify in 

their initial inventory those assets that are a part of critical 
infrastructure systems. The inventory should be geocoded 
to allow for mapping and overlaying assets and systems with 
flood risk information. 

An infrastructure inventory likely will not need to be 
created from scratch. Planners can consult a recent capi-
tal improvements plan (if one exists); appendices and any 
documentation that was used to develop the CIP; and pub-
lic works or infrastructure agency documents, databases, 
spreadsheets, and staff to obtain infrastructure lists, maps, 
and condition information. 

An infrastructure inventory should also identify big-
picture infrastructure needs, funded projects that have not 
yet been implemented, unfunded but planned projects, and 
potential infrastructure improvements that have been iden-
tified in local plans. By including these projects in an inven-
tory, communities can gain a holistic understanding of not 
just what exists, but what may also exist in the near future. 
This information should also be geocoded, mapped, and cat-
egorized according to its status as planned but not yet con-
structed infrastructure. 

Planners should consider working to standardize the 
inventory process for use across local agencies and depart-
ments. Aside from the foundation it provides for the vulner-
ability assessment process, a comprehensive and regularly 
updated infrastructure inventory can be a useful process im-
provement for a future CIP and a vital reference for any local 
planning efforts. It can also improve interagency coordina-
tion by ensuring all staff are working from the same master 
list of infrastructure assets. 

Step 2: Identify and Assess Future Flood Risks
With an infrastructure inventory in hand, communities 
should outline and map any existing and future flood risks. 
The types of information that communities may seek out are 

Figure 3.1. The process for conducting an infrastructure vulnerability assessment (Joseph DeAngelis)

STEP
1

STEP
2

STEP
3

STEP
4

Inventory 
infrastructure

Identify future 
flood risks

Determine 
exposure, 

sensitivity, 
adaptive capacity, 

and timeline 
of concern

Develop 
a plan for 

adaptation



41planning.org AMERICAN PLANNING ASSOCIATION

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 3

outlined in more detail in Chapter 2 of this report, but general-
ly, communities should identify and collect any data related to:

• Existing floodplains and floodways
• Floods of record
• Wetlands 
• Ground elevation, especially areas of low elevation
• Storm surge inundation 
• Sea level rise based on low, medium, and high scenarios
• Tidal flooding
• Stormwater and nuisance flooding

In conjunction with establishing general areas of vulner-
ability to existing and future flooding, communities should 
also work at this stage to establish a formal timeline of con-
cern. In the case of infrastructure vulnerability assessment, 
this timeline should span several decades to account for the 
lifespan of local infrastructure assets and systems. Outlining 
areas of vulnerability based on a five-year projection may help 
establish near-term flood vulnerability, but a 30- to 60-year 
assessment of sea level rise inundation will be more helpful 
for understanding the cumulative risks posed to infrastruc-
ture over a more significant period of its useful life. 

Organizing any collected information on both existing 
and future flood vulnerability can be a challenge. However, 
resources of the sort outlined in Chapter 2 can help to fill 
capacity gaps. Even if FEMA flood maps are the only avail-
able options, then some basic analysis and mapping can go 
a long way toward establishing the potential vulnerability of 
certain areas to future flood impacts. In this case, relying on 
the 500-year (or 0.02 percent annual chance) floodplain to 
delineate an area of vulnerability that is beyond the historic 
100-year extent and may be susceptible to more intense and 
frequent flooding in the future can be a useful shorthand for 
a more in-depth analysis of sea level rise, ground elevation, or 
increasing precipitation. Similarly, for coastal communities, 
use of the National Oceanic and Atmospheric Administra-
tion’s (NOAA) Sea Level Rise Viewer can outline potential ar-
eas of inundation due to sea level rise at a variety of potential 
timeframes and intensities. While a more in-depth analysis 
would be preferable, communities can still take these basic 
actions to outline areas of vulnerability. 

The delineation of vulnerable areas based on the col-
lected and mapped information should be overlaid with the 
mapped inventory of existing and proposed assets and infra-
structure systems. This is a crucial element in understanding 
the exposure, sensitivity, and adaptive capacity of infrastruc-
ture that is outlined in the next step. 

Step 3: Identify Asset Exposure, Sensitivity,  
and Adaptive Capacity
To formally assess the vulnerability of infrastructure to in-
creasingly frequent and severe flooding, communities must 
analyze the exposure, sensitivity, and adaptive capacity of in-
frastructure (Figure 3.2). 

Exposure 
Assessing the exposure of infrastructure to future flooding is 
a crucial component of establishing its overall vulnerability. 
Exposure refers to the degree to which an infrastructure asset 
or system is potentially endangered by hazards. 

Exposure can be established by mapping the existing or 
planned infrastructure (identified and geocoded in the in-
ventory) and overlaying this information with the locally ap-
propriate existing and future flood hazards. Assets are then 
rated based on the degree of exposure to these flood hazards. 
An asset may be considered to have high exposure if it is an-
ticipated to experience flooding based on historic flood ex-
tents or the likeliest near-term future flood scenarios due to 
sea level rise or heavy precipitation. Alternatively, the asset 
would be considered to have low exposure if impacts are not 
expected, even with extreme projections. 

Planners should keep in mind that for specific assets that 
are part of a larger infrastructure system (such as wastewa-
ter facilities that collectively make up a local wastewater net-
work), the high exposure of a single asset may compromise 
the integrity of the rest of the network. 

In the case of new planned or proposed infrastructure 
projects, the process for evaluating exposure is similar to 
that of existing assets. Planned projects can be added to the 
overall inventory as needed, geocoded according to their 

Figure 3.2. A project or asset’s vulnerability to flood impacts is a product of its 

exposure, sensitivity, and adaptive capacity (Joseph DeAngelis)
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planned locations, and evaluated for exposure to the select-
ed future flood hazards. 

Sensitivity
Next, infrastructure sensitivity should be evaluated. Sensi-
tivity refers to how significantly an asset or system would be 
affected by flooding and the degree to which disruptions to 
services may impact the community. 

Some pieces of infrastructure may easily return to full 
operation after flood waters recede, others may struggle to 
cope with repeated inundation (as may be the case with sea 
level rise and increasing rates of tidal flooding), and some 
may require extensive repairs following a single flood. A 
project with low sensitivity can easily recover after an event, 
whereas a project with high sensitivity may be costly or time- 
consuming to return to full capacity. 

Compared with exposure, assessing sensitivity will 
likely require a more qualitative judgment. In this case, reli-
ance on the inventory assessment can be helpful in parsing 
out an asset or system’s age, its function, and its value to the 
community, especially as it relates to community safety and 
public health. 

An example of a low-sensitivity facility may be an out-
door soccer field, which may not be considered a critical local 
asset, and for which flood waters may come and go with min-
imal damage. Higher-sensitivity assets may include wastewa-
ter treatment or emergency services facilities. 

Given the likely critical role that these assets play in the 
overall health, safety, and welfare of a community, higher- 

sensitivity assets that are also significantly exposed to exist-
ing and projected future flood impacts must be extensively 
evaluated for their adaptive capacity, the final step in the vul-
nerability assessment process.

Adaptive Capacity
Finally, for existing or proposed assets that exhibit either mod-
erate or high exposure or sensitivity, adaptive capacity should 
be assessed. Adaptive capacity is an infrastructure asset’s abil-
ity to adjust to potential future flood impacts without the need 
for significant retrofitting. For example, a critical facility that 
is built on a floating dock will have more adaptive capacity 
to accommodate sea level rise than a ground-based structure. 

In the case of a piece of planned but unconstructed in-
frastructure, design modifications that account for increas-
ing flood risks can improve its adaptive capacity. However, in 
order to best account for future flood impacts over the proj-
ect’s life, the project planners, engineers, and other involved 
local staff must also identify the particular climate scenario 
to which the project will be sited and designed. 

In the case of existing infrastructure that is expected 
to function well into the future, staff may have to develop 
an asset- or system-specific adaptation plan. These options 
are explored in the following step. For proposed projects or 
existing assets that already have a high adaptive capacity, 
more in-depth adaptation plans likely are not necessary. 

To summarize, the process of assessing exposure, sensi-
tivity, and adaptive capacity can be distilled into this series 
of questions:

Asset Exposure Sensitivity Adaptive Capacity

Fire station High (located in floodplain)
High (disruption could pose a danger to 
the community)

Low (structure is not elevated and 
would be difficult to retrofit for  
elevation)

Soccer field
Low (located in area not likely to flood 
now or in the future)

Low (disruption could be 
accommodated)

N/A (assessment not required given 
low levels of exposure and low levels of 
sensitivity)

School
Medium (located in area forecast to be 
vulnerable to sea level rise in 15 years)

Medium (valuable piece of built 
infrastructure, disruptions to which 
could impact residents over the 
medium to long term)

High (structure was designed and 
constructed at an elevation capable of 
accommodating the flooding from a 
500-year storm event)

TABLE 3.1. EXPOSURE, SENSITIVITY, AND ADAPTIVE CAPACITY ASSESSMENTS  
FOR COMMUNITY INFRASTRUCTURE ASSETS
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• Exposure: Where is the asset or project located? Is it likely 
to be inundated or impacted based on the available future 
flood impact data? If so, how soon?

• Sensitivity: How detrimental would the consequences of a 
flood event at this site be? How long would the disruption 
be if the asset or proposed project were to flood? Would 
that disruption threaten public health and safety? What 
would it cost to replace or repair the structure?

• Adaptive Capacity: Is it possible to design the structure 
so that costly adaptation at a later date would not be nec-
essary, or so that small changes could be made over time 
when money becomes available and flooding becomes 
more extreme?

Table 3.1 (p. 42) provides sample outcomes for exposure, 
sensitivity, and adaptive capacity assessments for three hypo-
thetical community assets. 

A helpful complement to the process of assessing the 
exposure, sensitivity, and adaptive capacity is the addition of 
numerical scores. For exposure and sensitivity, these would 
be 1 for low, 2 for medium, and 3 for high assessments; for 
adaptive capacity, which is a positive feature, the scores would 
be reversed (i.e., 1 for high, 2 for medium, and 3 for low). This 
allows communities to quantitatively assess the overall vul-
nerability of a project or asset based on its score from 1 (not 
vulnerable) to 9 (most vulnerable). The city of San Francisco 
uses this ranking system as part of its capital infrastructure 
planning process. A deeper dive into San Francisco’s process 
can be found in the case study beginning on p. 49. 

Step 4: Developing Project Adaptation Plans
Once the slate of vulnerable infrastructure assets is identi-
fied, project-specific adaptation plans should be developed. 
It is important to note that plans to adapt specific assets or 
projects based on future climate scenarios are related to, but 
mostly distinct from, wider and more comprehensive com-
munity adaptation plans. 

Project adaptation plans can be closely aligned with or 
developed as part of a community’s CIP program. More de-
tailed information on how project or system-wide adaptation 
can be incorporated into the CIP can be found in Chapter 5. 

To develop project adaptation plans, communities should:

1. Create a list of the most vulnerable infrastructure assets 
and proposed projects.

2. Determine the lifespan of each asset or project.
3. Determine the adaptation strategies necessary for each 

at-risk asset or project over its lifespan.

4. Determine the budget for adaptation actions.
5. Determine responsible staff.
6. Outline a timeline for design and construction.

Developing infrastructure adaptation plans can be com-
plex undertakings that will require the weighing of variables 
such as: 

• The importance of a project or asset to health and safety
• The lifespan of the project or asset, including consider-

ations regarding its design life versus its functional lifespan
• The particular climate scenario to which the project will 

be sited, designed, or in the case of existing infrastructure, 
retrofitted

• The timeline for completing the project or retrofitting the 
asset

• The budget for taking adaptation actions

Considerations surrounding the lifespan of the asset or 
project and the particular climate scenarios that will be used 
to inform siting and design are steeped in complex uncer-
tainties. However, even communities without the capacity 
to develop complex site-specific climate projections can still 
develop project and asset adaptation plans that account for 
more severe and frequent future flooding. 

Assessing the Lifespan of an Infrastructure Asset
The design life of a project is the period of time during which 
the asset is expected by its designers to work within its speci-
fied parameters. However, a project’s design life likely as-
sumes the community can afford a full replacement after the 
design life has ended. Often, projects must continue in opera-
tion long after they were intended to be replaced. 

Rather than strictly focusing on the ideal design life of a 
project, it may be better to think in terms of functional lifes-
pan. A project’s functional lifespan is the realistic time frame 
in which the asset will be operational in a community. This 
is a more pragmatic assessment of how long a project or asset 
will be in service that anticipates challenging budgetary con-
ditions and other future uncertainties. 

Given the highly variable lifespans of different types of 
local infrastructure, cities should determine general bench-
marks for how long local infrastructure is expected to remain 
functional. As an example, for the purposes of choosing the 
most accurate sea level rise scenarios, the city of Santa Mon-
ica, California, identifies “Anticipated Lifespan of Develop-
ment” standards in the most recent coastal update to its lo-
cal land-use plan. These benchmarks range from five years 
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for temporary structures, to 25 to 75 years for roadways and 
bridges, to up to 100 years for water mains, storm drains, and 
electrical and gas infrastructure (Santa Monica 2018). While 
these are broad ranges, and more well-defined timeframes 
will need to be established in the project scoping and design 
phases, they provide a window of time for local staff to ac-
count for sea level rise early in the planning phase. 

Gaining a sense of a project or asset’s functional lifespan 
in one community will involve consulting the infrastructure 
inventory or local CIP that contains information on how long 
certain types of assets remain in service. With this informa-
tion in mind, planners, engineers, and other local staff can 
begin to make some reasonable assumptions about how long 
new projects will be expected to remain in service, or how 
much longer existing assets and systems will be expected 
to be operational. By honestly assessing a project’s realistic 
functional lifespan, local staff can then determine the time 
frame in which climate impacts may be expected. This infor-
mation will be helpful in determining the climate scenarios 
to be planned for. 

Establishing Climate Scenarios
Step 2 of the vulnerability assessment process outlines the 
types of flood hazard data that should be mapped in order to 
assess the overall exposure of the infrastructure assets identi-
fied in the inventory. This general assessment is intended to 
screen out those projects that are not likely to be exposed to 
existing and future flood impacts. 

However, developing an adaptation plan for a project 
or asset requires more specific information that is based not 

only on its overall exposure to flooding but also on how criti-
cal it is to local health and safety, the scale of the investment, 
and its overall value to the community. For example, a com-
munity that is planning to adapt a wastewater treatment plant 
will likely want to consider planning for a higher sea level rise 
or more extreme scenario. This assessment may be based on 
the importance of the facility to public health; the time frame 
in which it is expected to operate; and the overall cost of the 
investment, which is likely to be significant. By planning for 
more significant impacts, communities can help to ensure 
enough leeway for critical investments if these less likely but 
more impactful scenarios play out.

The types of scenarios for which communities can plan 
for vary considerably between climate hazard types. NOAA 
has established defined sea level rise scenarios ranging from 
low to extreme based on the rate of greenhouse gas emissions 
through 2100 (Table 3.2). These figures are global averages, 
meaning they will vary at the regional and local scales. Ad-
ditionally, they do not account for variables such as the fre-
quency of coastal storms or intermittent tidal inundation. 
However, they are an extremely useful shorthand for coastal 
communities seeking to make project-specific decisions 
based on a wide range of potential impacts. 

If used in conjunction with available mapping tools 
such as NOAA’s Sea Level Rise Viewer (see Chapter 2) and 
reasonable assumptions about coastal storm impacts, high 
tide inundation, or any other identified local variables, this 
information can help coastal communities make decisions 
about how to site, design, and adapt their infrastructure to 
minimize risks associated with sea level rise. 

Scenario Name 2020 2040 2060 2080 2100

Low 2.4 5.1 7.5 9.8 11.8

Intermediate-Low 3.1 7.1 11.4 15.7 19.7

Intermediate 3.9 9.8 17.7 28.0 39.4

Intermediate-High 3.9 11.8 23.6 39.4 59.1

High 4.3 14.2 30.3 51.2 78.7

Extreme 4.3 16.1 35.4 63.0 98.4

TABLE 3.2. SEA LEVEL RISE SCENARIOS (IN INCHES) THROUGH 2100 

Source: NOAA 2017
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For inland communities not at risk of sea level rise, fu-
ture precipitation scenarios are more complicated to work 
with. As discussed in Chapter 1, observed trends in heavier 
and more frequent precipitation events across the country 
resulting in higher annual rainfall totals in the Northeast, 
Midwest, and Great Plains are likely to continue and worsen. 
However, the degree of these changes and the impacts they 
will have at the local scale are far more uncertain than those 
outlined in the sea level rise scenarios. This is primarily due 
to the influence that unpredictable atmospheric conditions 
such as storm tracks and circulation have on the location, in-
tensity, and timing of precipitation events (USGCRP 2017). 

Data for precipitation changes due to climate are largely 
available at the regional scale and generally based on either a 
lower (RCP4.5) or higher (RCP8.5) scenario, as seen in Fig-
ure 3.3. This is in contrast to the more fine-grained scenarios 
available for sea level rise. 

Generally, communities choosing a precipitation sce-
nario will have to make assumptions about the averages, rate, 
and frequency of precipitation over the functional life of a 
project. In making these assumptions, communities should 
refer to any existing data on regional or local average rainfall, 
local information on stormwater flooding, and the regional 
projections referred to in Figure 3.3 and available through 
the 2018 National Climate Assessment. 

If the budget permits, it is often best practice to plan for a 
climate scenario more severe than anticipated, especially for 
projects considered critical to health and safety. Costs to ret-
rofit an existing asset or adapt a new project may be greater 
given these considerations, but the longevity of the project is 
enhanced and overall risk is reduced. Projects could also be 
designed or retrofitted based on a lower or more moderate 
scenario, with the option to make more significant changes 
based on performance and climate impacts over time. 

The formal process of developing a project adaptation 
plan is likely to occur in conjunction with an established in-
frastructure planning and implementation process, such as a 
CIP. More information on integrating infrastructure adapta-
tion planning into CIPs can be found in Chapter 5 of this 
report. Generally, however, a project adaptation plan will be 
most useful in the project prioritization and funding recom-
mendation stages of local capital improvements planning. 

A similar process of vulnerability assessment and ad-
aptation plan development is described in the NOAA pub-
lication Adapting to Climate Change: A Planning Guide for 
State Coastal Managers (NOAA 2010). Though that guide is 
written for state coastal managers and thus for a scale much 
larger than a single community or project, the overall process 

and considerations provided in that report should still help 
inform assessment and adaptation efforts at the local level. 

SOCIAL VULNERABILITY ASSESSMENT:  
MOVING BEYOND INFRASTRUCTURE

Beyond its direct impacts on physical infrastructure assets, 
more severe and frequent flooding due to climate change can 
also expose a community’s underlying inequalities. Exist-
ing issues of poverty; access to housing, transportation, and 
health resources; and a variety of other factors are likely to 
worsen as flooding due to sea level rise, more severe coast-
al storms, and extreme precipitation take their toll over the 
coming decades. 

There are clear intersections between these factors, often 
referred to as a community’s social vulnerability, and the vul-
nerability of physical infrastructure assets. The dispropor-
tionate provision of infrastructure, the failure to adequately 
maintain vital infrastructure, and the siting of industrial uses 
and polluting facilities in already at-risk and underresourced 
parts of a community all highlight the troubling history of 
environmental injustice that has contributed to underlying 
issues of poverty and inequality across the country. 

As the impacts of climate change continue, and com-
munities begin to assess the vulnerability of existing physi-

Figure 3.3. Observed (above) and projected (below) changes for total annual 

precipitation at the regional scale in the United States (USGCRP 2017)
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cal assets and propose new infrastructure projects, they must 
also ensure that these projects are correcting legacy infra-
structure inequities and are actively building the resilience of 
those parts of the community that are most at risk of climate 
change impacts. A social vulnerability assessment can be a 
critical first step in this process. 

This section outlines the role of environmental justice in 
highlighting existing and long-standing infrastructure ineq-
uities, and it explores how assessing the social vulnerability 
of a community can advance local infrastructure resilience. 

Environmental Justice and Social Vulnerability
Environmental justice is defined by the U.S. Environmental 
Protection Agency (EPA) as “the fair treatment and mean-
ingful involvement of all people regardless of race, color, 
national origin, or income with respect to the development, 
implementation and enforcement of environmental laws, 
regulations, and policies” (U.S. EPA n.d.b.). 

Though the National Environmental Policy Act requires 
the consideration of environmental justice in the activities of 
all federal agencies, the movement for environmental justice 
goes well beyond just addressing federal actions. In the 1970s 
and 1980s, the environmental justice movement developed 
around the need to correct existing and deeply embedded 
disparities related to the effects of pollution and the siting of 
dangerous and noxious uses in or near impoverished com-
munities and communities of color (Taylor n.d.). 

Environmental justice as it relates to infrastructure re-
fers to the need to correct this discriminatory legacy of in-
frastructure siting and service provision, and to reverse the 
exclusion of people of color, the poor, and underresourced 
portions of the community from the decision-making pro-
cess. Additionally, environmental justice seeks to reverse 
the outsized and disproportionate burden of environmen-
tal hazards (which can include climate change) that is often 
borne by the people and communities that are least respon-
sible for causing them. 

Existing social vulnerabilities, such as poverty or inad-
equate access to transportation and housing, can be a legacy 
of environmental injustice. This legacy in turn relates to un-
derlying vulnerabilities related to long-term climate change 
impacts. Impoverished neighborhoods, communities, and 
populations will be forced to endure more persistent flood-
ing and will likely face ever-increasing timelines and costs for 
recovery. As the rate and severity of flooding increases, popu-
lations may decline, further isolating those residents with the 
least capacity to relocate. Over time, the provision of services, 
the maintenance of infrastructure, and the resilience of that 

infrastructure to more frequent climate impacts may become 
even less of a priority than before. Therefore, understanding 
how the social vulnerability of a community intersects with 
the vulnerability of its infrastructure is crucial to not only 
addressing the resilience of a community as a whole, but also 
demonstrating that planners and decision makers hold eq-
uity as a community value. 

By assessing social vulnerability, planners can help to 
identify how the lack of infrastructure (or the siting of ac-
tively harmful infrastructure) has contributed to persistent 
inequalities, and to identify the parts of a community that are 
most at risk of more frequent and severe flooding. In concert 
with the assessment of long-term infrastructure needs and 
vulnerabilities, an assessment of social vulnerability can help 
communities to make more educated decisions about local 
infrastructure needs and adaptation measures that can serve 
those stakeholders most at risk of future flood impacts. 

Integrating Social and Infrastructure  
Vulnerability Assessments
Planners can play a critical role in assessing local social vul-
nerability to more frequent and intense flood events due to 
climate change. They can also help to ensure essential link-
ages to the infrastructure vulnerability assessment process. 

A full explanation of the social vulnerability assessment 
process is beyond the scope of this report, but the steps out-
lined below provide a basic overview of this process. The side-
bar on p. 48 provides some additional resources for planners 
to learn more about this approach. An outline of the process 
provided below explains how planners can spatially assess so-
cial vulnerability and how they can then integrate this infor-
mation with infrastructure vulnerability assessments. 

Identify categories. A social vulnerability assessment 
should be inclusive of a wide variety of potential factors. It 
may be helpful, however, for planners to conduct the initial 
analysis based on four general categories and consider the 
roles that these factors may play in the ability of the communi-
ty to adjust to climate-related flood impacts. These factors are:

• Socioeconomic status: Are there members of the commu-
nity who, due to lack of essential resources, will be unable 
to recover or will experience prolonged hardships in the 
post-flood recovery phase? Are they unable to afford flood 
insurance, or do they live in residences that are not cov-
ered by flood insurance? Will they struggle to relocate be-
cause they cannot afford new housing?

• Household composition, age, and disability: Are there 
members of the community who, due to age or disabilities, 
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cannot access vital services before, during, and after flood 
events? Are they at risk of more severe impacts due to their 
potential inability to evacuate or adequately prepare for 
major flooding?

• Race/ethnicity/language: Are there members of the com-
munity without access to vital services before, during, and 
after a flood event due to entrenched racial, ethnic, or lan-
guage barriers? Are there areas of the community, due to 
legacies of segregation and inequitable access to housing, 
that are especially vulnerable to major flooding, sea level 
rise, and related environmental risks?

• Housing and transportation: Are there areas of the com-
munity in which the condition or location of housing is 
especially vulnerable to major flooding, sea level rise, and 
related environmental risks? Are there areas of the com-
munity without robust access to the transportation net-
work that may be necessary in the event of flood-related 
evacuation or the provision of emergency services? Would 
the existing transportation network that serves these ar-
eas be subject to more impactful flooding that may pre-
clude evacuation or access by emergency services? 

These categories are identified in the Center for Disease 
Control’s Social Vulnerability Index tool (see sidebar on p. 
48), the use of which may be helpful to simplify later stages 
in this process. These categories should be tailored to fit local 
conditions and account for individual community context. 

Identify social vulnerability data sources and map 
the data. Following the identification of categories for the 
assessment, planners should identify sources of data. The 
most recent U.S. Census and American Community Survey 
(ACS) data is a reliable primary source of information on so-
cioeconomic status, household composition, disability, race, 
age, ethnicity, language, housing status, and transportation. 
Other local data sources maintained by the municipality, 
data collected by local universities, or data and tools devel-
oped by regional organizations or state agencies related to the 
identified categories may also be helpful. 

Census and ACS data should be mapped at the census 
block or tract level. This will require the use of GIS soft-
ware. To the extent that it is possible, any other data sources 
should be geocoded and mapped as well. Ultimately, the goal 
of this stage is a spatial evaluation of where the most vulner-
able populations are currently located within a jurisdiction.

Overlay social vulnerability data with identified areas 
of risk and infrastructure inventory data. The mapped so-
cial vulnerability data should be overlaid with the mapped 
hazards and future risk data that was used in the infrastruc-

ture vulnerability assessment. This may include existing 
FEMA flood maps, areas of storm surge inundation, areas at 
risk of sea level rise, local data on stormwater and nuisance 
flooding, and any other flood-related hazards considerations. 

More detail on the types of hazards and the potential 
data sources for these hazard types can be found both in 
Chapter 2 and in this chapter’s section on conducting an 
infrastructure vulnerability assessment. This information 
is critical to conducting an analysis of the relationship be-
tween social vulnerability, infrastructure access, and future 
flood impacts. 

Analyze social vulnerability in the context of infra-
structure needs and future flood risks. This stage in the as-
sessment concerns how to integrate the social vulnerability 
and infrastructure vulnerability assessment processes. Gen-
erally, this analysis should focus on the impacts of more se-
vere and frequent flooding on a community’s most vulnerable 
populations. Additionally, communities should identify the 
primary infrastructure gaps in areas of social vulnerability, 
including information on infrastructure age and condition, 
and any planned infrastructure projects, especially those ad-
dressing current and future flood risk. 

Integrate the social vulnerability assessment into ex-
isting infrastructure planning processes. Much like the 
infrastructure vulnerability assessment, findings from the 
social vulnerability assessment should be used to inform 
the infrastructure planning and decision-making process. 
Integrating vulnerability assessments into the local CIP 
process is discussed in Chapter 5 of this report. Commu-
nities should consider social vulnerability in the process 
of infrastructure project prioritization and selection, and 
planners can and should lead the way in identifying and 
implementing ways to do so. 

INFRASTRUCTURE VULNERABILITY  
ASSESSMENTS IN ACTION

Infrastructure vulnerability assessments are becoming in-
creasingly common across the United States. San Francisco 
has developed a process deeply integrated into the city’s capi-
tal planning program that empowers agencies and project 
managers to assess the vulnerability of proposed infrastruc-
ture projects to sea level rise impacts. In seeking to increase 
its use of green infrastructure across the city, Toledo, Ohio, 
used risk and vulnerability assessments to improve the sit-
ing of natural infrastructure, reduce long-term maintenance 
needs, and improve outcomes for the community. This city 
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COMMUNITY VULNERABILITY ASSESSMENT TOOLS 

Several organizations and researchers 
have developed community vulnerabil-
ity assessment tools to help identify vul-
nerable populations. Planners can use 
these tools to better assess risk to these 
populations and allocate appropriate 
support and resources to them in times 
of need. Below are three examples of 
these tools. 

The Social Vulnerability Index 
Since its inception, the Social Vulnerabil-
ity Index (SoVI) has been considered a 
standard for social vulnerability assess-
ment for both academics and profes-
sionals. Currently in its third edition, the 
SoVI was developed by Susan Cutter, phd, 
at the University of South Carolina’s Haz-
ards and Vulnerability Research Institute. 
It is intended to measure social vulner-
ability to environmental hazards at the 
county level.

This index synthesizes 29 socioeco-
nomic variables identified in the research 
as relevant to hazards, including family 
structure, housing status, and access to 
medical services. Much of the data comes 
from the U.S. Census Bureau. The numer-
ic score that results from this analysis is a 
relative score when compared with other 
counties, which may be a limitation of 
this tool. The index outputs statewide 
maps that display relative vulnerabilities 
of each county compared with others 
within that state and nationally. 

The sensitive nature of much of the 
data most relevant to social vulnerabil-
ity makes measuring such vulnerability 
extremely challenging. Some metrics, 
especially those pertaining to health, 
are protected by patient confidentiality 
agreements. Therefore, many social vul-
nerability evaluations are unable to as-
sess at a more granular level than county 

or census block. The SoVI may be most 
useful to a community because it has 
vetted many variables with robust aca-
demic research and found those that are 
most valuable and associated with avail-
able existing datasets. Local planners 
may choose to use those variables to 
conduct their own analyses. 

The SoVI may be accessed at http://
artsandsciences.sc.edu/geog/hvri/
sovi%C2%AE-0.

Centers for Disease Control and Pre-
vention’s Social Vulnerability Index 
In many cases, the public health field 
has taken the lead on social vulnerability 
to shed light on the needs of popula-
tions suffering the most due to climate-
related hazards. The Centers for Disease 
Control and Prevention (CDC) has been 
a leader in this effort and maintains an 
interactive web map illustrating county-
level vulnerability. 

The CDC’s Social Vulnerability Index 
(SVI) has four themes: socioeconomic 
status, household composition, race/
ethnicity/language, and housing/trans-
portation. For disaster events, this data-
base can be used to estimate amounts 
of needed supplies, such as food, water, 
medicine, and bedding; help decide 
how many emergency personnel are 
required to assist people; identify areas 
in need of emergency shelters; plan the 
best way to evacuate people, account-
ing for those who have special needs, 
such as people without vehicles, the el-
derly, or people who do not understand 
English well; and identify communities 
that will need continued support to re-
cover following an emergency or natural 
disaster (ATSDR 2018). 

The SVI may be accessed at https://
svi.cdc.gov. 

Community Based Vulnerability  
Assessment Guidebook 
The Community Based Vulnerability Assess-
ment Guidebook was developed by the 
University of North Carolina’s Institute 
for the Environment with support from a 
FEMA grant. The greatest strength of this 
tool is that it lays out, in a step-by-step 
fashion, a process through which plan-
ners can engage their communities and 
complete a comprehensive assessment 
of environmental vulnerability. 

This guidebook is especially useful 
in that it offers a community-based ap-
proach that assesses both physical and 
social vulnerability in one document. It 
also provides thoughtful advice about 
how to meaningfully engage those 
community members who often suffer 
the most after a disaster but are never 
brought to the table to develop policy. 

The guidebook breaks tasks into 
discrete actions in a logical, easy-to-
follow progression. However, because 
it is a static document, it may not be as 
interactive as other web-based tools, 
and because it was developed in 2009 
some portions may be outdated. Re-
gardless, it stands as a well-developed 
and thoughtful tool that urban planners 
should consider. 

The guidebook may be accessed at 
www.mdcinc.org/wp-content/uploads/ 
2017/11/Community-Based-Vulnerability 
-Assessment.pdf.

http://artsandsciences.sc.edu/geog/hvri/sovi%C2%AE-0
http://artsandsciences.sc.edu/geog/hvri/sovi%C2%AE-0
http://artsandsciences.sc.edu/geog/hvri/sovi%C2%AE-0
https://svi.cdc.gov/
https://svi.cdc.gov/
http://www.mdcinc.org/wp-content/uploads/2017/11/Community-Based-Vulnerability-Assessment.pdf
http://www.mdcinc.org/wp-content/uploads/2017/11/Community-Based-Vulnerability-Assessment.pdf
http://www.mdcinc.org/wp-content/uploads/2017/11/Community-Based-Vulnerability-Assessment.pdf
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has also delved into social vulnerability assessment to better 
quantify flood impact risks within the community. 

These cases outline the methods and processes each 
community developed to better assess the risks posed by fu-
ture flooding to local infrastructure as well as residents. 

Assessing Sea Level Rise Impacts: San Francisco 
As San Francisco is a city surrounded on three sides by the 
Pacific Ocean and San Francisco Bay, planning for sea level 
rise is a necessity. In 2014, the Capital Planning Committee 
(CPC) for the City and County of San Francisco adopted a 
document, Guidance for Incorporating Sea Level Rise into 
Capital Planning in San Francisco: Assessing Vulnerability 
and Risk to Support Adaptation (San Francisco 2015), to ra-
tionalize standards and processes for public investments po-
tentially affected by sea level rise and storm surge. This guid-
ance primarily seeks to clearly assess the risks posed by sea 
level rise and storm surge to coastal infrastructure and inte-
grate these considerations into the capital planning process. 

To simplify the assessment process, the city first select-
ed regional sea level rise estimates that would be used as an 
authoritative reference for any involved agencies, staff, and 
project managers. These estimates were drawn from the Na-
tional Research Council report, Sea Level Rise for the Coasts 
of California, Oregon, and Washington: Past, Present and 
Future (NRC 2012b). 

After choosing a reliable data source, the city determined 
which projected scenarios should be applied to its capital in-
frastructure projects. The CPC’s Sea Level Rise (SLR) Com-
mittee recommended using the upper end of the estimates 
in the NRC report, as it found lower global GHG emission 

scenario estimates to be unrealistically optimistic. The SLR 
Committee also elected to account for storm surge and waves 
in their selected scenarios. 

For specific location information, the committee select-
ed inundation maps created by the San Francisco Public Util-
ities Commission that included highly accurate assessments 
of ground elevations along the coast. With these data sources 
identified and mapped, projects can be assessed for vulner-
ability to sea level rise and storm surge impacts. 

Assets, either existing or proposed, are subjected to a 
three-stage analysis to determine (1) whether they are ex-
posed to flooding from sea level rise and storm surge, (2) 
whether they are sensitive to such threats, and (3) whether 
they contain adaptive capacity that will allow them to with-
stand or ameliorate that threat (Figure 3.4).

If an asset is not exposed or sensitive to sea level rise or 
storm surge impacts, or if it contains the adaptive capacity to 
withstand these impacts, it drops out of the ranking process 
as not needing further attention. For each asset that remains, 
exposure, sensitivity, and adaptive capacity are each rated on 
a scale of one to three. It is important to note that low scores 
in exposure and sensitivity are considered to be favorable and 
preferred, while low scores in adaptive capacity are unfavor-
able. Likewise, high scores in exposure and sensitivity are un-
favorable, while a high adaptive capacity score is favorable and 
preferred. Total scores for each asset allow for the ranking of 
projects based on their overall vulnerability to sea level rise 
and storm surge impacts (Figure 3.5, p. 50). 

Following the assessment of exposure, sensitivity, and 
adaptive capacity, project life cycles are analyzed during the 
development of project-specific adaptation plans. The project 

Figure 3.4. San Fran-

cisco’s asset vulnerabil-

ity assessment process 

(City and County of San 

Francisco Sea Level Rise 

Committee)
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or asset’s expected service life is compared with the avail-
able climate projections to determine the degree of adapta-
tion that will be necessary. The longer a project is expected 
to remain operational, the longer is the range of sea level rise 
projections used. 

With this information in hand, project managers are ex-
pected to outline a series of adaptation actions. These actions 
could include changing the location of a project, elevating the 
project, or hardening the project to flood impacts. The vul-
nerability assessment and the adaptation plans are organized 
by each responsible agency and then submitted to the CPC 
for review and potential inclusion in the city’s overall capital 
expenditures package. 

San Francisco’s process is notable for attempting to stan-
dardize the overall process of vulnerability assessment and 
to integrate it more deeply into existing capital planning pro-
cedures. Most of the work of assessment falls to individual 
project managers tasked with overseeing the operations of 
particular infrastructure systems and assets. The process of 
standardization is intended to remove the guesswork and 
complexity of dealing with climate science, allow project 
managers to make decisions about the infrastructure systems 
and assets they know best, and reduce the process of assess-
ment to a series of standardized forms. The city’s focus on 
making vulnerability assessment a standard part of the job 
has aided its overall adoption and success. 

The infrastructure vulnerability assessment process out-
lined at the beginning of this chapter is drawn from San Fran-
cisco’s approach as a comprehensive and scalable way of deter-
mining the vulnerability of infrastructure assets and sectors 
to more frequent and severe flooding due to climate change. 

More information on San Francisco’s vulnerability as-
sessment process is available at http://onesanfrancisco.org/
node/148. An associated document, the city’s Sea Level Rise 
Checklist, is provided as an appendix to this report.

Stormwater Flooding and Green Infrastructure: 
Toledo, Ohio
While Toledo is not subject to sea level rise, flooding is no 
less a concern for this Great Lakes city. Toledo is vulnerable 
to riverine flooding due to its proximity to the mouth of the 
Maumee River where it meets Lake Erie, along with the more 
typical stormwater and nuisance flooding experienced in cit-
ies across the United States. Flooding in Toledo is also closely 
linked with Great Lakes water levels, as well as its location at 
the very tip of a large hydrologically altered watershed. 

With increasingly heavy and more frequent rain events, 
basement flooding, decreased water quality, and standing 
water have become commonplace in the city. To address 
these concerns sustainably, affordably, and with minimal ad-
verse impact, Toledo officials chose to assess the viability of 
nature-based solutions for stormwater flooding. Such solu-
tions are often referred to as green infrastructure, and include 
elements such as bioswales, rain gardens, and green roofs. 
These vegetative landscapes allow deeply rooted plants to ab-
sorb and filter water, reducing flooding as well as the need for 
excessive chemical water treatment procedures. 

However, green infrastructure projects must be sited ap-
propriately to maximize their utility, and plans need to be 
made for their long-term maintenance. Neglecting green in-
frastructure projects can significantly limit their stormwater 
holding capacity. Poorly maintained green infrastructure 
can also be aesthetically displeasing, which can reduce public 
support for these projects. 

Toledo’s process of evaluating the potential for green in-
frastructure began with a partnership between the city, the 
Association of State Floodplain Managers, NOAA’s Office 
for Coastal Management, the U.S. Army Corps of Engineers, 
and the Eastern Research Group, Inc., funded by a Great 
Lakes Restoration Initiative grant through NOAA’s Office for 
Coastal Management. The intention of this partnership was 

Figure 3.5. Sample 

exposure, sensitivity, 

and adaptive capacity 

assessments and scores 

based on both sea 

level rise projections 

and potential storm 

surge inundation (City 

and County of San 

Francisco Sea Level Rise 

Committee)

http://onesanfrancisco.org/node/148
http://onesanfrancisco.org/node/148
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to develop a guide to identify flood issues and evaluate poten-
tial costs and benefits of nature-based solutions.

In order to quantify projected changes in precipitation 
in Toledo, which would inform the extent to which green 
infrastructure solutions could reduce flood impacts, the 
team used the U.S. EPA’s Climate Resilience Evaluation 
and Assessment Tool (CREAT) (U.S. EPA n.d.a.). CREAT 
guides users through five modules to review historic cli-
mate conditions for an area, evaluate how those conditions 
may change, identify critical community assets (such as wa-
ter bodies, buildings, and communications infrastructure), 
and compare different adaptation strategies to find those 
that are most effective and affordable. CREAT is particu-
larly useful as an awareness-building tool that can provide 
rationales and build support for adaptation planning for 

specific utilities. It guides the user through each step, offer-
ing directions and links for more information, but may be 
most effective if completed by an informed user such as an 
engineer or public works official. 

The five modules of the CREAT tool are Climate Aware-
ness, Scenario Development, Consequences & Assets, Ad-
aptation Planning, and Risk Assessment. The user begins by 
creating a summary report of historic climate statistics and 
how they are anticipated to change for a particular region. 
The user identifies key assets within the community and es-
timates the time period for which each asset will be relevant 
(for example, the design life of the structure). 

Users also describe current adaptation strategies being 
implemented in the community as well as potential strategies 
that could be explored in the future. Ultimately, users may 

Figure 3.6. The six-step 

process for evaluating 

how green infrastruc-

ture can help communi-

ties reduce flooding and 

estimate the costs and 

co-benefits of green 

infrastructure (NOAA 

2015)
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download intuitive tables and charts related to their commu-
nity’s infrastructure that may be used to convince stakehold-
ers or officials of the value in climate adaptation planning. 

The city used CREAT to create a table of projected 
changes in annual precipitation to gain a sense of the extent 
of potential negative scenarios. Planning for the most ex-
treme scenario of precipitation increase ensures that all other 
more moderate scenarios will also be accounted for. 

Toledo followed a six-step process for evaluating the po-
tential of green infrastructure solutions (Figure 3.6, p. 51), 
along with two other communities, which ultimately led to 
the development of NOAA’s Guide for Assessing Green In-
frastructure Costs and Benefits for Flood Reduction (NOAA 
2015). While the specifics of this process differ somewhat 
from the vulnerability assessment process outlined in this 
chapter, there are similar principles underlying both ap-
proaches. For example, the need to define the scope of the 
geography, the scale and expected severity of flood hazards, 
and the risks these hazards pose to the community lie at 
the core of both the NOAA process and the process recom-
mended in this chapter. 

An important aspect of this process is choosing a man-
ageable scope for analysis. Toledo chose to explore only one 
of its watersheds—the highly urbanized Silver Creek water-
shed, which drains into Lake Erie. Next, the city quantified 
flood damage under current conditions and extrapolated 
CREAT data to estimate future damage. Keeping good re-
cords of current flooding is very helpful as baseline data in 
conducting such an analysis. Then it chose quantifiable and 
specific goals for flood reduction—in this case, a 10 percent 
flood reduction target. Finally, it identified all potential 
green infrastructure options and estimated the costs and 
benefits of such a strategy. 

Being able to argue for a strategy’s financial benefit is 
very powerful. In many cases, green infrastructure and other 
nature-based infrastructure solutions may be better suited to 
withstanding dynamic flood conditions than fixed gray in-
frastructure. If a green infrastructure strategy can be shown 
to minimize damage to such a degree that it outweighs the 
costs of installing and maintaining the green infrastructure, 
it is a viable option. The co-benefits of green infrastructure 
beyond flood resilience, such as improvements to air and wa-

Figure 3.7. Study 

area, Silver Creek 

Watershed, Toledo, Ohio 

(Association of State 

Floodplain Managers) 
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ter quality, can help to build the case further for nature-based 
infrastructure over traditional gray infrastructure. 

As a result of this analysis, Toledo applied for funding 
through the U.S. EPA to develop several bioswales in the Sil-
ver Creek watershed, and it also was able to increase outreach 
about green infrastructure and its associated benefits. 

More information on the U.S. EPA’s CREAT tool 
can be found at www.epa.gov/crwu/creat-risk-assessment 
-application-water-utilities.

More information on NOAA’s Guide to Assessing Green 
Infrastructure Costs and Benefits for Flood Reduction can be 
found at https://coast.noaa.gov/digitalcoast/training/gi-cost 
-benefit.html.

Flood Recovery and Social Vulnerability:  
Silver Creek Watershed, Toledo, Ohio
The issue of social vulnerability and its accurate assessment 
at the neighborhood scale is gaining interest among both 
academics and hazard mitigation professionals. In 2019, the 
Association of State Floodplain Managers, the Polis Center 
at Indiana University–Purdue University Indianapolis, and 
the University of Wisconsin Space Science and Engineering 
Center conducted a study that sought to address this issue 
within the Silver Creek watershed in Toledo. 

The purpose of this study was to use detailed economic 
and infrastructure data to determine neighborhoods within 
the Silver Creek watershed that are more likely to experi-
ence long recovery times following a flood event. Research-
ers focused specifically on residential structures (single fam-

ily homes, mobile homes, duplexes, and triplexes) within 
FEMA’s National Flood Insurance Program’s one-percent 
flood boundary (Figure 3.7, p. 52). Using these criteria, 719 
structures were identified for evaluation.

The study approach assumed that recovery is primarily 
tied to the economic vitality of the impacted person, rather 
than age or other social characteristics. The specific metrics 
examined were structure-specific data (including value of 
property, height of first floor, and mortgage status), house-
hold economic vitality, flood insurance status, and property 
equity of homeowners. 

Household economic vitality was approximated using 
debt-to-income ratio at the census block level. “Cost-bur-
dened” households—those in which more than 35 percent 
of monthly income is required to pay for monthly owner 
costs—were households considered at risk. Monthly owner 
costs included mortgage, real estate taxes, insurance, utili-
ties, and similar expenses. 

Flood insurance status is highly relevant to a homeown-
er’s ability to recover after a flood. Access to individual loca-
tions of National Flood Insurance Program or privately held 
insurance policies is restricted, however, so for the purposes 
of the study, researchers made the assumption that if home-
owners had a mortgage and were located in the one percent 
annual chance floodplain, they had flood insurance. Property 
equity of homeowners was evaluated by considering the dis-
tribution of market values in the study area, assuming that 
if a home is valued higher, the owner has increased ability to 
sell their property and recover some costs. 

Figure 3.9. Model output for two percent annual chance flood, indicating five key 

vulnerable areas (Association of State Floodplain Managers)

Figure 3.8. Model output for 50 percent annual chance flood, indicating five key 

vulnerable areas (Association of State Floodplain Managers)

http://www.epa.gov/crwu/creat-risk-assessment-application-water-utilities
http://www.epa.gov/crwu/creat-risk-assessment-application-water-utilities
https://coast.noaa.gov/digitalcoast/training/gi-cost-benefit.html
https://coast.noaa.gov/digitalcoast/training/gi-cost-benefit.html
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Both of the above assumptions illustrate the limitations 
of available datasets and represent potential approaches for 
communities to consider if undertaking a similar assessment 
for which specific data sources are unavailable. Communities 
should clearly describe their methods and approach in any 
documents or graphics and ensure that the public, elected of-
ficials, and other local staff are aware of how these assump-
tions factored into the overall assessment.

Mental health is also an important aspect of an individ-
ual’s ability to recover from flood events, but it is one of the 
most difficult metrics to measure accurately. Many factors 
contribute to or take away from an individual’s personal 
mental resilience. This study initially attempted to address 
mental health by using physical proximity to mental health 
facilities, a variable that has been found helpful in rural set-
tings. However, due to the urban nature of the study area, 
there was an abundance of mental health facilities nearby, 
and this metric was eliminated from the final study. For 
similar studies in other locations it may be worthwhile to 
consider this metric.

All of these described variables were spatially represent-
ed within the study area, assigned a standardized risk value, 
and combined with flood depth grids for six flood scenarios: 
the 50 percent, 20 percent, 10 percent, four percent, two per-
cent, and one percent annual chance floods. Two of the re-
sulting maps are shown in Figures 3.8 and 3.9 (p. 53). 

In both cases, five distinct areas were identified as having 
the greatest risk, based on these chosen metrics. Researchers 
determined that the areas with the highest likelihood of long 
recovery times following a flood event do not change signifi-
cantly with differently sized storms. This suggests that the 
variables in this model are most strongly correlated with un-
derlying features of vulnerable households, rather than the in-
tensity or scale of the storm or flood itself. Therefore, by better 
understanding both household-level vulnerability and those 
areas with higher concentrations of vulnerable households, 
planners can pursue strategies that offer resiliency benefits 
across the widest possible array of storm and flood events. 

While this is a preliminary attempt to quantify risk, 
there are many potential variables to be considered regard-
ing hazard vulnerability. Furthermore, the accuracy of 
models such as the one employed in this study is heavily 
dependent on the quality of data inputs. As granular data 
sources become more widely available, it is expected that 
studies such as this will become more reliable and useful for 
communities to use in planning for hazards and reducing 
risk for vulnerable populations.

CONCLUSION

Assessing the vulnerability of infrastructure to future cli-
mate risks can be a complex and somewhat daunting process. 
However, understanding how these risks may impact existing 
infrastructure assets, planned infrastructure projects, and 
the people that infrastructure is intended to serve is vital to 
long-term community health and well-being. 

Rather than getting lost in the potential uncertainty of 
climate change impacts, planners can bring to bear the avail-
able data on existing flood hazards and potential future flood 
risks with an eye toward holistically assessing the vulnerabil-
ity of existing infrastructure assets and planned infrastruc-
ture projects. Together with a thorough assessment of the so-
cial vulnerability of a community, with particular attention 
paid to the legacies of environmental injustice and persistent 
inequities related to the provision of and access to critical 
infrastructure and services, planners can then turn toward 
a wider integration of local vulnerability into local planning 
and plan-making processes. 
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Communities tend to organize themselves around different plans of widely varying topics and time frames. Comprehensive 
plans, open space and recreation plans, hazard mitigation plans, climate adaptation plans, neighborhood or area plans, and 
plans for specific infrastructure systems (such as stormwater or transportation) are all potentially part of the local universe 
of plan types that communities might develop. Communities may also participate in larger regional planning exercises with 
other municipalities to coordinate on issues such as transportation, housing, and natural resources and the environment.

Planning for infrastructure that is resilient to more fre-
quent and intense flooding will require the use of all plan-
ning tools at a community’s disposal. However, this can be 
a complex and challenging exercise. Levels of staff expertise, 
capacity, and funding can limit a community’s ability to sub-
stantively consider long-term infrastructure needs. Adding 
climate change, sea level rise, extreme weather, and natural 
hazards (and the inherent uncertainties of impact and time 
frame) to the equation further complicates efforts to align 
and integrate planning procedures. 

This chapter will guide planners through the strategies 
and tactics that they can use to effectively plan for infrastruc-
ture that is resilient to more frequent and intense flooding. 
First, this chapter will discuss community visioning and 
engagement in the context of infrastructure resilience, eq-
uity, and inclusion. It will then outline the role of regional 
planning for infrastructure and future climate impacts, and 
guide planners through the strategies for getting involved in 
regional planning processes and in using regional plans at the 
local level. 

Next, this chapter will take an in-depth look at the 
ways in which the comprehensive plan can be used as an 
essential tool in determining infrastructure needs and 
risks across communities and outlining an actionable 
framework for long-term infrastructure resilience and ad-
aptation. The chapter concludes with a discussion of how 
functional plans such as hazard mitigation plans, climate 
adaptation plans, open space plans, and infrastructure 
plans can bridge planning and implementation by inte-
grating future flood risks and impacts into specific plans 
for infrastructure systems. 

 COMMUNITY VISIONING AND ENGAGEMENT

A community visioning exercise is often used at the begin-
ning of a planning process to establish a shared understand-
ing of a community’s desired future. In conjunction with 
active community engagement, a visioning process tends to 
conclude in a statement or series of statements that summa-
rizes where a community wants to be within a specific time-
frame, generally 20 to 25 years. 

Visioning can also function as a stand-alone exercise ad-
dressing a specific set of issues or concerns about the future. 
For example, a visioning process could be organized around 
a more specific set of challenges related to the impacts of cli-
mate change upon a community. 

The following strategies outline how planners can ap-
proach a visioning and engagement process on long-term in-
frastructure resilience. 

Engage the broadest possible set of local stakehold-
ers. Visioning should engage as broad an array of commu-
nity stakeholders as possible and should include special ef-
forts to amplify the voices of traditionally underrepresented 
residents, stakeholders, and organizations. Visioning should 
engage elected officials and should include the participation 
of other city agencies that will be vital to later stages of the 
planning and implementation process. 

While involving a broad base of participants is a best 
practice in any visioning process, ensuring the inclusion of 
underrepresented groups, stakeholders, elected officials, and 
local staff when discussing infrastructure needs in light of 
future climate risks is vital to guiding subsequent planning 
processes. This can help to establish a strong foundation for 
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a community’s later plans and ensure that local action on 
infrastructure is grounded in the lived experiences of stake-
holders and informed by local needs and future climate risks. 

Understand the audience. Effective public engagement, 
particularly in the context of a far-ranging visioning exer-
cise, requires a thorough understanding of one’s audience. 
Residents, stakeholder organizations, and interest groups are 
rarely homogenous in their opinions and thoughts on a com-
munity’s future, the causes or risks of climate change, or the 
long-term needs of infrastructure in light of more frequent 
and severe flood impacts. Planners must be prepared to un-
derstand the perspectives offered by a wide variety of partici-
pants and to discuss infrastructure resilience in the context 
of these perspectives. 

With a strong understanding of stakeholder perspectives 
and viewpoints, planners can begin to chart a path toward 
consensus based on shared values that is critical to the ul-
timate development of a community-wide vision for infra-
structure resilience. 

Communicate climate science, information, and im-
pacts as clearly as possible. Planners should be prepared to 
communicate the risks posed to infrastructure by more fre-
quent and severe flooding as clearly as possible. Communi-
cating climate risks and potential impacts can be a difficult 
task, especially in communities where planners themselves 
struggle to identify or interpret complex climate projections 
and data sources. However, this perspective may ultimately 
be helpful in working to reduce complex concepts surround-
ing infrastructure and climate to plainer language. 

Harnessing local knowledge about existing hazards can 
be crucial in this stage, particularly in communities that are 
already at risk of flooding due to coastal storms and extreme 
precipitation. To the extent possible, planners should seek to 
discuss future flood risk in the context of existing flooding, 
outline the ways in which climate change is likely to exac-
erbate historical hazards, and discuss the potential impacts 
this may have on infrastructure and communities as a whole. 

Translating complex and technical information in 
meaningful ways is a key responsibility of the planner. It is 
important to customize presentations to the audience by us-
ing language that is understandable, defining new concepts, 
and using local examples of climate impacts.

Integrate the findings of vulnerability assessments. 
The vulnerability assessment process discussed in Chapter 
3 is an effective complement to a visioning and engagement 
exercise. The information gathered in the vulnerability as-
sessment can be used to highlight long-term flood risks to 
existing community infrastructure such as schools, health-

care services, open space, and emergency services facilities. 
It can also illustrate long-term needs for infrastructure sec-
tors that will bear the brunt of more frequent and intense 
flooding, such as stormwater and wastewater systems and 
coastal protection infrastructure. 

Additionally, by integrating the findings of a social vul-
nerability assessment into visioning and engagement exer-
cises, planners can begin to build a foundation for plans that 
consider the wider context of climate impacts upon people 
and the environment. Including those communities and 
stakeholders identified as part of a social vulnerability as-
sessment in the visioning and engagement stages can help to 
ensure that plan-making and implementation are informed 
not just by future climate conditions, but also by how those 
conditions affect the most vulnerable populations. 

Community engagement, while critical to creating a 
successful vision, should not end with the crafting of a state-
ment for the future. Rather, community engagement is vital 
at all stages of the planning process. Natural hazards such as 
flooding can have broad and deep impacts on communities 
and can both reveal and worsen underlying community chal-
lenges. Public infrastructure can also be an emotional flash-
point for community stakeholders, particularly on the topics 
of infrastructure deficiencies, maintenance needs, and long-
term costs. Ensuring continual, meaningful, and substantive 
engagement with the community on these issues is critical to 
an equitable and successful planning process. 

REGIONAL PLANNING

Regional planning is a collaborative process to plan for com-
mon issues across a shared geographical area. Regional plans 
cross existing municipal boundaries and involve jurisdic-
tions and entities within common ecological, political, or 
economic boundaries (Piro and Leiter 2017). 

Infrastructure sectors such as transportation, energy, 
and water are deeply integrated systems that serve subre-
gional, regional, and supraregional geographic areas, and 
they can be the focus of elements in regional plans. The fed-
eral government requires the creation of metropolitan plan-
ning organizations for regions with a population greater than 
50,000 to coordinate transportation planning as a condition 
of federal funding. Sustainability and climate change adapta-
tion are increasingly common components of regional plans. 
Additionally, natural systems such as watersheds, coastlines, 
riverways, and wetlands largely ignore municipal boundaries 
and require large-scale coordination at the regional scale. 
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In some cases, local coordination and comprehensive 
plan consistency with regional plans is required by state 
law. Even in cases where consistency with a regional plan 
is not required, regional plans can play a critical role in 
providing a framework for local comprehensive planning. 
Regional plans, therefore, can be a vital resource for com-
munities seeking to plan for infrastructure that is resil-
ient to more intense and frequent flooding due to climate 
change. One region that is incorporating infrastructure 
resilience as a focal point of regional planning is Chicago 
and its surrounding counties, as described in the sidebar 
on pp. 60–61. 

The following strategies can help planners make the 
most of regional planning efforts to support climate-resilient 
infrastructure development. 

Rely upon regional plans as sources of data and in-
formation on climate change impacts. Regional plans can 
be critical sources of information on the regional impacts of 
climate change and flooding upon communities and their 
infrastructure. While extreme precipitation, storm surge, 
coastal storms, and sea level rise will vary somewhat based 
on local factors such as land use and geography, regions are 
an effective and reliable scale at which to assess how climate 
change and future flood hazards will generally affect com-
munities and public infrastructure. Although the plan may 
discuss these impacts generally, more specific information 
on existing and future flood hazard risks to infrastructure 
sectors can likely be found in regional plan elements deal-
ing with transportation, energy, water, and natural resources 
and the environment. 

Get involved in regional planning to aid your local 
planning efforts. Regional planning tends to involve a wide 
variety of governmental, quasi-governmental, and nongov-
ernmental organizations. These efforts will likely include 
special districts and authorities that are responsible for infra-
structure sectors such as water resources management, flood 
control, and energy. The infrastructure managed by these 
agencies and organizations are critical to the long-term wel-
fare of communities. 

Regional planning exercises are an opportunity for plan-
ners and local jurisdictions to create meaningful connections 
with regional infrastructure agencies that can pay dividends 
during a local comprehensive or adaptation planning effort. 
By developing relationships with partners who manage vital 
infrastructure sectors, planners and their communities can 
increase their access to technical expertise on topics such as 
natural hazards, climate change, and flood impacts on inte-
grated infrastructure systems. 

COMPREHENSIVE PLANNING

The comprehensive plan can function as a community’s 
guiding document, statement of purpose, vision of the fu-
ture, framework for action, and reference manual for poli-
cies, maps, and data. The comprehensive plan also occupies 
a central place in the education and practice of the commu-
nity planner. Given its role as both formally adopted legal and 
policy document and guiding vision of the future, the com-
prehensive plan can be critical in creating linkages between 
and among other local plans, policies, and programs. 

Planners should play a central role in holistically consid-
ering infrastructure resilience in the comprehensive plan. In 
some cases, planners may be the only people in the room able to 
connect infrastructure development with long-term flood risk 
while also ensuring connections with the overall health and 
welfare of a community across a wide variety of plan elements. 

As a document intended to direct investment and devel-
opment, the comprehensive plan is an ideal place for deter-
mining how existing infrastructure assets can adapt to more 
intense and frequent flooding, and how new infrastructure 
can aid overall community resilience.

Infrastructure Resilience in the  
Comprehensive Plan
Climate considerations are suitable for all plan elements 
within a comprehensive plan but are most frequently found 
in sections such as sustainability and the environment, trans-
portation, water and air quality, hazard mitigation and di-
saster recovery, and parks and open space. These sections are 
frequently home to infrastructure recommendations as well, 
enabling communities to link the adaptability of infrastruc-
ture to future flood risk, as well as identify ways for new in-
frastructure to increase overall community resilience. 

The following steps outline a process for planners and 
communities to integrate infrastructure resilience into com-
prehensive plans.

Gather background information. Chapters 2 and 3 of 
this report outline ways in which communities can identify 
data sources on future flood risk and how they can use this 
information to assess overall community and infrastructure 
vulnerability. This assessment should:

• Outline and identify the primary climate risks (such as 
extreme precipitation, sea level rise, more intense and fre-
quent coastal storms, tidal flooding) to the community. 

• Identify the location, age, and condition of infrastructure 
assets (both gray and green) that mitigate flood hazards.
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ON TO 2050: THE CHICAGO METROPOLITAN AGENCY FOR PLANNING AND INFRASTRUCTURE RESILIENCE

The Chicago Metropolitan Agency for 
Planning (CMAP) is a regional planning 
agency for the counties of Cook, DuPage, 
Kane, Kendall, Lake, McHenry, and Will 
in northeastern Illinois. Created in 2005, 
CMAP is empowered by Illinois state 
law to coordinate long-range planning 
within the region and is a major source 
of technical assistance to communities 
and planners within its jurisdiction. 

CMAP also provides a critical leader-
ship role on climate resilience, adapta-
tion, sustainability, and how infrastruc-
ture can meet current and future climate 
challenges. These efforts are reflected in 
its Go To 2040 regional comprehensive 
plan, and most recently in its draft plan 
update On To 2050 (Figure 4.1). 

CMAP has identified extreme 
weather, heavy precipitation, drought, 
and extreme heat as the most likely and 
impactful climate risks to communities 
within the region, with flooding due to 
more frequent and intense rainfall ex-
pected to stress already aging infrastruc-
ture across this heavily urbanized region. 

On To 2050 provides a six-point frame-
work for how CMAP intends to meet 
these challenges (CMAP 2018). 

1. Incorporate climate resilience and 
adaptation measures into plan-
ning and development. Integrating 
climate change adaptation into plans 
and ensuring plans within the region 
are aligned with goals are critical to 
CMAP’s efforts. Integrating resilience 
and adaptation into capital improve-
ments and infrastructure plans can 
help to ensure that new infrastructure 
is ready to meet future climate chal-
lenges. CMAP’s Local Technical Assis-
tance program, which provides tech-
nical, data analysis, planning, public 
engagement, and other forms of ca-
pacity-building support to municipal-
ities, is critical to this effort, particularly 
when local expertise on climate and 
infrastructure is limited. More informa-
tion on the Local Technical Assistance 
program can be found at www.cmap 
.illinois.gov/programs/lta. 

2. Strengthen gray and green infra-
structure to withstand climate 
change. CMAP is focusing on an 
infrastructure strategy for the region 
that integrates both green and gray 
infrastructure for overall community 
resilience. This approach highlights 
the many co-benefits of green in-
frastructure for open space, air and 
water quality, ecological restoration, 
and stormwater management, while 
also recognizing the need for gray 
infrastructure to adapt to changing 
climate conditions. CMAP’s strategy 
centers on ensuring that gray infra-
structure is planned, designed, and 
constructed based on future climate 
projections. 

3. Improve the operational response 
to weather events to ensure mo-
bility. More intense and frequent 
precipitation will impact transporta-
tion infrastructure and regional mo-
bility. CMAP’s strategy for ensuring 
adequate mobility includes upgrad-
ing traffic control systems, develop-
ing a regional flood reporting system 
to help plan for more frequent flood 
events, and conducting more exten-
sive analysis on road performance 
and pavement flooding during 
heavy precipitation events. 

4. Create a more flexible and decen-
tralized electric grid. A more de-
centralized electrical grid that places 
electrical generation closer to the 
communities it serves is less suscep-
tible to natural hazards and future cli-
mate stresses. In the event of broader 
disruptions to services following a 
major storm or flood, microgrids 
that operate independently from the 
main grid can help to compensate 
and maintain power to communi-
ties, emergency services, and other 

Figure 4.1. CMAP’s On To 2050 plan update process continued a regional focus on infrastructure resilience 

introduced in its 2040 plan (Jackson Morsey, aicp, UIC Great Cities Institute)

http://www.cmap.illinois.gov/programs/lta
http://www.cmap.illinois.gov/programs/lta
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critical infrastructure. CMAP’s strategy 
highlights this approach as one that 
communities, electrical utilities, the 
state, and federal partners should 
continue to invest in. 

5. Diversify agricultural systems to 
promote resilience. CMAP has iden-
tified alignments between agricul-
tural resilience and extreme weather 
and climate change, food distribution, 
and infrastructure systems. CMAP’s 
strategy for long-term resilience of re-
gional agriculture includes coordinat-
ing with municipalities, counties, and 
regional partners to invest in infra-
structure that enables more efficient 
use of water and natural resources in 
farming and food distribution. 

6. Explore a regional climate re-
silience platform to coordinate 
initiatives and provide data and 
resources. Given the role that ac-
cess to accurate climate data plays in 
planning for infrastructure resilience, 
CMAP is exploring a regional partner-
ship with the Midwestern Regional 
Climate Center, the Illinois State Water 
Survey, and the Illinois State Clima-
tologist to coordinate the release and 
use of climate data across the region. 
Additionally, CMAP hopes to work 
with these partners to identify ways 
to downscale climate data so that it 
can be better used by municipalities 
for planning and infrastructure devel-
opment purposes. 

More information about CMAP and 
On To 2050 is available at www.cmap 
.illinois.gov/2050/environment/climate 
-resilience.

• Identify and assess risks to neighborhoods and popula-
tions that are vulnerable to future flood impacts.

• Identify and assess risks to critical infrastructure, public 
buildings, and other city assets that are vulnerable to fu-
ture flood impacts. 

Whether conducted as an independent exercise, ad-
dressed as part of the visioning process, or developed in the 
course of information gathering, a community-wide climate 
vulnerability assessment can be extremely useful in inform-
ing later planning and implementation stages. Additionally, 
spatially mapping this information can be extremely useful 
in the course of writing the plan, for materials that will be 
distributed to the public, and as a resource that can be up-
dated for years to come. 

Communities and planning departments that lack the 
capacity, funding, staff expertise, or time for an in-depth 
analysis of community vulnerability can seek out some of the 
information sources identified in Chapter 2 that are intended 
to simplify and streamline climate risks. These communi-
ties may also want to consider identifying other communi-
ties within their region or regional planning organizations 
that may have already developed vulnerability assessments, 
climate adaptation plans, or have discussed climate adapta-
tion within their comprehensive plans. Similarly, both the 
Regional Climate Centers and the National Oceanic and 
Atmospheric Administration (NOAA) Regional Integrated 
Sciences and Assessments teams described in Chapter 2 have 
large amounts of easily understandable data and information 
on how climate change is likely to impacts regions across the 
country. These resources will not be able to identify the risks 
posed to local infrastructure, but they can function as a use-
ful shorthand for the first stages of assessing vulnerability 
and outlining climate risks. 

Planners and communities should also gather existing 
plans, documents, policies, codes, and regulations that will 
be helpful to informing risks posed to infrastructure and in 
identifying infrastructure needs. Hazard mitigation plans, 
especially the sections on hazard identification and risk as-
sessment, can be a useful way of assessing current risks based 
on historical weather and climatological patterns. Hazard 
mitigation plans are not required to incorporate climate 
change into these risk assessments, though this is becoming 
increasingly common. 

Flood Insurance Rate Maps (FIRMs) are an extremely 
useful and popular means of spatially assessing flood risk. 
Planners should understand, however, that these maps are 
not based on future changes in sea level or precipitation pat-

http://www.cmap.illinois.gov/2050/environment/climate-resilience
http://www.cmap.illinois.gov/2050/environment/climate-resilience
http://www.cmap.illinois.gov/2050/environment/climate-resilience


AMERICAN PLANNING ASSOCIATION planning.org62

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 4

terns. And if these maps are many years old, they might not 
reflect changes in land use or the addition and degradation of 
infrastructure. 

Planners and communities may also want to consider 
using the 0.2 percent annual chance floodplain (often called 
the 500-year floodplain) as a useful illustration of extreme 
flood risk. This approach is not scientific, but it can help to 
illustrate parts of the community and infrastructure assets 
that may be at risk in the event of more severe flooding events. 

Engage the public equitably and extensively. Engaging 
the public extensively, early, and often in the comprehensive 
planning process can allow planners to educate residents and 
stakeholders on climate issues and impacts and receive exten-
sive feedback on infrastructure needs and priorities. This can 
include assessing the public appetite for infrastructure repair, 
maintenance, adaptation, and replacement. 

Extensive public engagement can also be a useful way of 
identifying areas that are underserved by existing infrastruc-
ture, areas of growth that will require new infrastructure, 
and areas that are at higher risk of flooding. Speaking and in-
teracting with the public is also an effective way of gathering 
anecdotal and historical information on how flooding and its 
impacts may have changed or worsened over time. Given the 
influence that changes in land use and development can have 
on local flood impacts, this can be a useful way of ground-
truthing climate change effects and changing weather pat-
terns in the lived experience of residents. 

Communicating future flood risks and potential impacts 
to infrastructure can be difficult, especially given the jargon 
and complex technical information that is often used in the 
planning process. Planners should communicate in plain 
language whenever possible and make extensive use of imag-
ery and storytelling to effectively illustrate potential risks and 
interventions to as wide an audience as possible. 

When engaging with the public during a comprehensive 
planning process on the topic of infrastructure resilience, 
planners should be mindful of underlying issues of environ-
mental injustice, inequitable distribution of services, and 
disproportionate climate and infrastructure development 
impacts on underrepresented residents, stakeholders, and or-
ganizations. By practicing deference to local knowledge and 
collaborative problem solving in the context of planning for 
infrastructure resilience, planners can help to create more 
equitable plans that advance positive environmental and eco-
nomic outcomes. For more information on equitable public 
engagement that is informed by the principles of environ-
mental justice, refer to the American Planning Association’s 
Planning for Equity Policy Guide (APA 2019b). 

Draft information on future flood risks and infra-
structure vulnerability. Distill the background information 
gathered earlier in the process based on what those reading 
and relying on the plan will need to understand about climate 
change, future flood risk, and infrastructure vulnerability. If 
there is already a climate vulnerability assessment to refer to, 
consider adapting it for the comprehensive plan document. 
If the full climate vulnerability assessment is a large docu-
ment, consider including it as an appendix to the report, and 
identify the most critical sections and content needed for the 
comprehensive plan. Content related to future flood hazard 
risk; infrastructure exposure, age, and condition; and social 
vulnerability will be helpful in illustrating big-picture cli-
mate risk factors. 

Complement this information with information on ex-
isting flood control infrastructure, such as coastal flood pro-
tection, stormwater infrastructure (e.g., retention basins and 
sewers), and dams. Also helpful in illustrating existing con-
ditions are any available flood maps of the community and 
information derived from the hazard mitigation plan. 

Among the most important concepts to convey to read-
ers of the plan are the dynamic and unpredictable impacts of 
more frequent and intense flooding on infrastructure. Most 
existing infrastructure, from stormwater systems to road net-
works to critical public facilities, are planned and designed 
based on broadly predictable climate and weather patterns. 
Climate change introduces new uncertainties into the rate and 
degree of precipitation, sea level rise, and coastal storm inten-
sity. Conveying the concept of infrastructure that can with-
stand these conditions, and that in turn increases the overall 
resilience of communities, is critical to effectively embedding 
infrastructure resilience into the comprehensive plan. 

Develop goals, objectives, and implementation strate-
gies. Most comprehensive plans are organized around a set 
of broadly defined areas of community concern and inter-
est called elements. Goals, objectives, and implementation 
strategies (such as policy making, public investments, and 
regulatory tools) derived from analysis of existing conditions, 
future needs, and engagement with the public are organized 
within these plan elements. 

When developing goals, objectives, and strategies it is 
important to identify how infrastructure resilience may in-
tersect with the various plan elements. Some communities 
opt to isolate hazards and climate adaptation-related content 
in only those elements. Other communities pursue a more 
integrated approach and consider climate adaptation needs 
throughout the plan. Given the complex and interconnected 
nature of public infrastructure, and the similarly complex 
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and wide-ranging risks that more severe and frequent flood 
events pose to that infrastructure, planners should think crit-
ically about where and how to best integrate infrastructure 
resilience within plan elements. 

The following are a selection of plan elements and ques-
tions to consider regarding infrastructure resilience in the 
comprehensive plan:

• Economic development: What sort of impacts will more 
frequent and intense flooding have on the mobility of resi-
dents and visitors on transit and road networks? Is coastal 
and stormwater protection infrastructure able to reduce 
the exposure of business districts, downtowns, and major 
local employers and industries?

• Community facilities: Are any new critical facilities such 
as fire and police stations planned for areas at risk of sea 
level rise, storm surge, regular tidal inundation, riverine 
flooding, or stormwater flooding resulting from extreme 
precipitation? Do community facilities have adaptive ca-
pacity, or can they be adapted at a later date? On what 
sea level rise and extreme precipitation projections is the 
community basing its siting and design guidelines for 
community facilities?

• Environment and natural resources: What are the flood 
control and water resources management co-benefits of 
existing environmental and natural resources? Do wet-
lands, dunes, berms, breakwaters, and plant and animal 
habitats provide a buffer between populated areas and 
potential flood hazards? Are there plans, regulations, and 
policies to preserve these resources as natural flood in-
frastructure? Is green infrastructure identified as a func-
tional alternative to gray infrastructure in managing fu-
ture flood events?

• Housing: What critical infrastructure exists to protect 
residents and housing from natural hazards? Is this infra-
structure equipped for dealing with more regular and se-
vere flooding? Are decisions regarding new development 
informed by existing and future infrastructure capacity to 
deal with more severe flooding?

• Natural hazards, hazard mitigation, and disaster recov-
ery: What have been the impacts of recent flood events on 
the community? Was this a flood event of record, or have 
there been a series of recent major flood events in the recent 
past? Have these events highlighted any major infrastruc-
ture deficiencies, or led to any new infrastructure invest-
ments? Has this infrastructure been planned, sited, and 
designed based on more severe and frequent flooding? If it 
is a coastal community, what sort of coastal infrastructure 

such as floodwalls exist, and is this infrastructure based 
on historic tidal and surge rates? Does this infrastructure 
consider sea level rise over its expected useful life?

• Public health: Are there any plans for hospitals or criti-
cal health facilities in areas already subject to flooding, 
or that might be vulnerable to more intense and frequent 
flooding? What types of infrastructure serve these critical 
facilities, and is this infrastructure resilient or adaptable 
to future flood impacts? Do the roads and transporta-
tion networks that provide access to hospitals and health 
facilities have adaptive capacity to weather more intense 
and frequent flooding, storm surge, and sea level rise? Is 
there secondary infrastructure in place to ensure adequate 
power and access to critical health facilities in the event of 
large-scale flood events? 

• Recreation and open space: Do any recreational facili-
ties or community open spaces such as parks also func-
tion as flood storage infrastructure or buffers to homes, 
businesses, or critical facilities? Are recreational facilities 
or community open space expected to also function in a 
post-flood event for the purposes of emergency services 
staging? How will more intense or frequent flooding in the 
future impact the ability of this infrastructure to continue 
to function as flood storage, buffers, or as post-disaster 
staging areas? Are there plans for any new recreational fa-
cilities or open spaces, and will they be expected to serve 
as flood-resilient infrastructure? 

• Emergency services: What types of infrastructure do 
safety and emergency services rely upon? In future scenar-
ios with more frequent and intense flood events, will road 
and transportation networks be blocked or inaccessible? 
Are emergency service facilities in areas already at risk of 
flooding or that could be at future risk of flooding? What 
about the location of assets such as fire, police, and EMS 
vehicles? Are emergency services served by energy infra-
structure that is resilient to flood impacts? In the event of 
power failure, are backups resilient to flood impacts? Are 
response protocols integrated into the county and local 
hazard mitigation plans?

• Sustainability and climate change: Does this plan element 
only consider climate change mitigation—that is, policies, 
programs, and regulations intended to reduce greenhouse 
gas emissions? Are there any opportunities to think about 
how the community may need to adapt to the impacts of 
climate change? Does this element summarize the com-
munity’s overall adaptation strategy? Are there opportu-
nities to integrate the adaptation strategy throughout the 
plan, especially where the plan discusses infrastructure?
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PLAN INTEGRATION FOR RESILIENCE SCORECARD

Infrastructure is expensive and is usu-
ally expected to serve communities for 
decades, if not longer. Therefore, if com-
munities want to make the best of their 
investments, local practitioners must be 
aware of how existing infrastructure as-
sets and future infrastructure plans align 
with long-term goals, actions, and poli-
cies, especially regarding flood resilience. 

Developing a strong spatial under-
standing of the interaction between var-
ious plan elements, policies, and actions, 
and the impacts of more frequent and 
severe flooding, is crucial to the success 
of resiliency planning efforts. Plan inte-
gration requires communities to critically 
assess the existing framework through 
which they make and implement plans, 
and then work to ensure that plans and 
implementation techniques are aligned 
to effectively realize community goals 
and objectives (FEMA 2015b). 

Plan Integration for Resilience Score-
card Guidebook, developed by Texas 
A&M’s Institute for Sustainable Com-
munities and funded by the U.S. De-
partment of Homeland Security Coastal 
Resilience Center, identifies three chal-
lenges to integrating and aligning plans 
to realize long-term hazard mitigation, 
climate adaptation, and infrastructure 
and community resilience goals (Hicks 
Masterson et al. 2017): 

• Cities often have far too many plans 
to properly ensure that they are 
aligned and coordinated. 

• There tends to be no process for 
understanding how policies, often 
developed at different times and in 
different departments, interact with 
each other. 

• The spatial dimension of policy im-
pacts is poorly understood, particularly 
regarding hazards and climate change. 

The Guidebook outlines the follow-
ing process through which communities 
can spatially assess how well their exist-
ing plans, processes, policies, infrastruc-
ture projects, and regulatory frameworks 
are aligned for community resilience 
(Figure 4.2). 

1. Map and define neighborhoods, 
planning districts, and existing haz-
ard zones. Hazard zones can include 
flood zones, storm surge inundation 
areas, areas subject to tidal flooding, 
areas under threat of sea level rise, 
and others. By mapping and delineat-

Figure 4.2. The Plan Integration for Resiliency Scorecard outlines a general framework for conducting technical 

analyses, assessing overall vulnerability, and setting priorities across many types of plans to advance local 

resiliency goals (Texas A&M University) 
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ing these areas, neighborhood-scale 
units can be created to visualize im-
pacts across smaller geographies. 

2. Score local plans and planning 
documents based on how their 
recommendations influence land 
use and affect vulnerability, as well 
as whether they can be assigned to 
a particular geography. Cumulative 
high scores show a greater policy fo-
cus on reducing hazard vulnerability. 
Lower scores point toward policies 
that increase vulnerability. 

3. Map physical and social vulnerabil-
ity to each district and overlay with 
the policy scores to determine how 
well local plans and policies target 
those neighborhoods and planning 
districts that are the most vulnerable 
(Figure 4.3). 

Ultimately, the goal of the score-
card exercise is to illuminate for planners 
how well they understand local plans 

Figure 4.3. Assessing the spatial dimensions of physical vulnerability and social vulnerability for each plan is a 

major component of the Plan Integration for Resilience process (Texas A&M University) 

and policies, and to spur action toward 
changing local plans and policies that 
do not reduce vulnerability to natural 
hazards. 

With its focus on how plans and 
policies are reflected spatially in particu-
lar neighborhoods or planning districts, 
the scorecard can be an effective means 
of understanding the impacts of existing 
or proposed infrastructure on commu-
nity vulnerability, and in turn assessing 
how natural hazards, plans, and policies 
might impact local infrastructure. Addi-
tionally, by considering social vulnerabil-
ity, the scorecard can be a helpful tool 
in assessing the vulnerability of under-
served communities to natural hazards 
and determining if existing plans, pro-
grams, policies, and infrastructure proj-
ects are serving the neighborhoods and 
populations in most need. 

The Plan Integration for Resilience 
Scorecard Guidebook is available at 
https://tinyurl.com/yxkwf27d.

https://tinyurl.com/yxkwf27d
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• Transportation: How vulnerable is the existing trans-
portation network to more intense and frequent flood-
ing? Do roads, bridges, and public transit assets have 
adaptive capacity to withstand future flooding and sea 
level rise? Are there any plans to adapt the transporta-
tion network to future flood hazards such as extreme 
precipitation, sea level rise, or regular tidal inundation? 
Are maintenance facilities for major transportation as-
sets such as bus, train, or light-rail fleets located in areas 
subject to future flood risk? 

• Zoning and land use: Are there existing policies, stan-
dards, rules, or code regulations for privately developed or 
maintained flood infrastructure such as dams or storm-
water retention? Are these policies, standards, or regula-
tions based on historic rates of flooding or do they also 
incorporate future rates of precipitation, sea level rise, and 
other potential climate impacts? In what other ways is lo-
cal zoning used to drive land development to appropriate 
areas and discourage development in sensitive or flood-
prone areas? Are areas outside of flood-prone areas appro-
priately zoned for higher density?

Align goals, objectives, policies, and programs. Given 
the potentially unpredictable impacts that climate change 
can have on local infrastructure, it is important for commu-
nities to align goals, objectives, policies, and programs across 
plan elements. This is crucial to ensuring that plans for infra-
structure, design standards, siting, and performance do not 
work at cross-purposes. 

The resilience of single infrastructure projects or systems 
(such as a stormwater network or emergency services facility) 
is a worthy goal. Infrastructure, however, should not just be 
physically resilient to more severe or frequent flood events in 
isolation; it should increase the overall resilience of the com-
munity it serves. By critically assessing the plan’s goals, ob-
jectives, policies, programs, and regulations for the impacts 
they have on community resilience, planners and communi-
ties can make smarter decisions on how to prioritize actions 
and allocate funding.

The California Governor’s Office of Planning and Re-
search, through its Adaptation Clearinghouse toolkit, has 
collected a series of resources offering guidance to planners 
in the state of California on plan alignment and integra-
tion. These resources highlight the critical areas of statewide 
policy for local practitioners to be aware of, such as the Cali-
fornia Coastal Commission’s Sea Level Rise Policy Guidance 
and the state’s General Plan Guidelines, along with an array 
of local guides, policy briefs, and web-based tools centered 

on coastal adaptation and plan alignment (California Gover-
nor’s Office of Planning and Research 2019). 

Another tool, Texas A&M’s Plan Integration for Resilience 
Scorecard, offers a process to help better align plans, policies, 
and implementation. This tool, which can have major benefits 
for aligning comprehensive plan goals and actions with long-
term infrastructure planning and implementation policies, is 
described in more detail in the sidebar on pp. 64–65. 

Move toward implementation. Public investment in 
infrastructure development, adaptation, and maintenance is 
one of the primary tools that communities have to realize and 
implement comprehensive plans. 

Given the extensive process a typical comprehensive plan 
goes through, and its status as a formally approved policy 
document, the comprehensive plan is well suited to serve as a 
nexus for hazard risk, climate adaptation, and infrastructure 
planning and development. Ensuring that the comprehensive 
plan remains a primary linkage between plans, policies, and 
action over a 15- or 20-year period is complex and requires 
active management in daily practice. 

Individual infrastructure plans, area plans, or functional 
plans (such as a climate adaptation plan) may follow a com-
prehensive planning effort. The capital improvements plan 
(discussed in detail in Chapter 5) can be a powerful tool for 
advancing comprehensive plan implementation. In conjunc-
tion with plan goals and objectives, communities can develop 
siting and design standards for new infrastructure develop-
ment that accounts for future flood hazards risk. 

To enable comprehensive plan implementation, commu-
nities should be clear about the agencies or departments that 
are leading implementation efforts and the time frames for 
the expected completion of those efforts. Even when not lead-
ing implementation efforts, planners should have major roles 
in teams, committees, and work groups that are tasked with 
implementation efforts. 

Monroe County, Florida, is one community that has es-
tablished clear policies calling for specific actions to increase 
infrastructure resilience in the face of sea level rise and storm 
surge; see the sidebar on pp. 68–69 for specific examples from 
its comprehensive plan. 

FUNCTIONAL PLANS

Functional plans are intended to address specific topics of in-
terest or areas of local concern. These plans may build upon 
key areas or elements identified in the comprehensive plan, 
which tends to be the case for climate adaptation plans, or 
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they may be independently developed plans that apply to 
some functional area in a community, as is the case with the 
hazard mitigation plan. 

Infrastructure resilience to long-term climate and flood 
hazard impacts can be a part of a wide array of local function-
al plans. The following sections take a deeper look at some of 
the functional plan types that most clearly align with infra-
structure resilience and discuss the roles that planners should 
play in the planning process. 

Hazard Mitigation Plans
The local hazard mitigation plan is a community’s primary 
avenue for considering how hazards of all types impact the 
community and how they can best be mitigated. The Disas-
ter Mitigation Act of 2000 requires state, local, and tribal 
governments to develop hazard mitigation plans and update 
them every five years to qualify for non-emergency disaster 
assistance funds through the Hazard Mitigation Grant pro-
gram. The Federal Emergency Management Agency (FEMA) 
envisions the local hazard mitigation plan as a living docu-
ment intended to integrate hazard mitigation into the daily 
process of planning (FEMA n.d.). 

Hazard mitigation plans are adopted by counties and other 
local jurisdictions to describe existing natural and man-made 
hazards and their impacts on the community, and to establish 
mitigation actions intended to reduce or mitigate these impacts. 
Flooding and flood-related hazards, particularly in coastal 
communities, are a critical part of hazard mitigation plans. 

The involvement of planners and comprehensive plans in 
the hazard mitigation planning process varies by jurisdiction. 
Planners’ involvement in the hazard mitigation planning 
process, and how hazard mitigation plans can be integrated 
with comprehensive and other local plans, are explored in 
PAS Report 560, Hazard Mitigation: Integrating Best Practices 
into Planning (Schwab 2010).

Hazard Mitigation Plans and Infrastructure Resilience
Integrating climate change into local plans is an emerging 
practice for hazard mitigation that more comprehensively 
considers how existing natural hazards will be shaped by 
changes in climate. Though climate change risks and im-
pacts are not required to be a part of hazard mitigation plans, 
planners can play a critical role in ensuring that more severe 
and frequent flood events are integrated into both risk as-
sessment and mitigation actions such as infrastructure plan-
ning and development. 

The following are recommended practices to address haz-
ard mitigation in the context of infrastructure resilience:

Engage in the hazard mitigation planning process. 
Even if they are not leading the process, planners still bring a 
unique and necessary perspective to the development of haz-
ard mitigation plans. Planners tend to have a strong under-
standing of long-term, secondary, and cascading impacts on 
people and the built and natural environments. How flood 
hazards may impact critical local infrastructure, and, by ex-
tension, the people and places served by that infrastructure 
is a crucial element that planners can bring to this process. 

Engagement in the hazard mitigation planning process 
can strengthen a planner’s knowledge of critical natural 
hazards, data sources, agencies, departments, and staff with 
expertise. This information can be useful during other local 
planning processes, and especially in the context of com-
prehensive planning. 

Integrate existing local plans with the hazard mitiga-
tion plan. By engaging in the hazard mitigation planning 
process, planners have the opportunity to share critical infor-
mation on community context that exists in local comprehen-
sive, area, and other functional plans. This information might 
include areas that have been identified by the community as 
particularly susceptible to sea level rise but are not currently 
within a flood hazard area, or planned improvements to a 
stormwater network based on future precipitation projections. 
Integrating infrastructure assets and planned infrastructure 
improvements from comprehensive or other planning efforts 
into the hazard mitigation planning process lays the founda-
tion for aligning those efforts with mitigation actions.

Align mitigation actions. Mitigation actions are proj-
ects, processes, and activities that a community undertakes 
to reduce long-term hazard risks (Institute for Sustainable 
Community Design n.d.). Infrastructure projects, improve-
ments to natural systems, and new regulations, standards, 
and guidelines all are considered mitigation actions. 

Planners who are involved in the hazard mitigation plan-
ning process should work to inform and align the mitigation 
actions included in the hazard mitigation plan with goals, 
objectives, and implementation actions in the comprehensive 
plan, especially if the actions outlined in the comprehensive 
plan consider climate change and its impacts. This can help to 
expand the discussion on historic hazard impacts to include 
the increasing risks of more frequent and severe flood events 
due to climate change.

Aligning mitigation actions can also benefit existing 
plans and processes within the planner’s community. For 
mitigation actions that may be of benefit to long-term com-
munity and infrastructure resilience, planners should work 
to include these in local processes and plans. 
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IMPLEMENTING INFRASTRUCTURE RESILIENCE IN COMPREHENSIVE PLANS: MONROE COUNTY, FLORIDA

Monroe County is a coastal community 
in South Florida that includes the is-
lands of the Florida Keys. While most of 
the county’s land area is located on the 
mainland, nearly all 77,000 residents live 
in the Florida Keys. 

In its recent comprehensive plan 
update, the county developed a num-
ber of policies tied to goals and objec-
tives to improve the use of information 
related to future flood risk and climate 
change when implementing infrastruc-
ture projects. The following are a selec-
tion of policies outlined in the plan that 
deal with infrastructure resilience and 
adaptation to long-term threats such as 
sea level rise. 

Policy 1502.1.1. Prior to incorporat-
ing a new project to the Capital Improve-
ments Element, Monroe County shall assure 
that it is reviewed for recommendations to 
increase resiliency and account for the im-
pacts from climate change, including but 
not limited to, sea level rise and storm surge. 
Monroe County shall evaluate financial ex-
penditures to fund repairs, reconditioning 
of deteriorating infrastructure and new in-
frastructure improvements within or proxi-
mate to vulnerable areas to manage public 
investments appropriately. Monroe County 
shall focus on level of service standards, as 
one of the points of analysis, to assure that 
infrastructure useful life and service expec-
tations can be met in the face of climate 
change impacts.

Policy 1502.1.4. Within five (5) years 
after the adoption of the 2030 Compre-
hensive Plan, Monroe County shall identify 
criteria to define adaptation action areas 
(AAA), or a similar concept to be defined by 
the County, which may include infrastruc-
ture. Within five (5) years after the adoption 
of the 2030 Comprehensive Plan, Monroe 
County Monroe County shall identify pro-

posed adaptation action areas (AAA), or a 
similar concept to be defined by the County. 
Pursuant to Chapter 163, F.S., AAA are those 
areas that experience coastal flooding due 
to extreme high tides and storm surge, and 
that are vulnerable to the related impacts 
of rising sea levels for the purpose of priori-
tizing funding for infrastructure needs and 
adaptation planning. In the AAAs, strate-
gies will be developed to address vulnerabil-
ities from these effects as well as the rate of 
impact and available adaptation options. 
In conjunction with later updates to the 
2030 Comprehensive Plan, Monroe County 
shall update existing, or map new, potential 
impacts of sea level rise for consideration in 
long-term planning decisions.

Policy 1502.1.5. Within five (5) years 
after the adoption of the 2030 Compre-
hensive Plan, Monroe County shall initiate 
an inventory of existing and planned in-
frastructure up to the 2030 horizon, based 
upon the vulnerability mapping identified 
in Policy 1502.1.4, for capacity to accom-
modate projected sea level rise over the life 
expectancy of that infrastructure. Monroe 
County shall identify the infrastructure 
within those areas, its useful life and any 
retrofits or capital projects necessary to 
address the impacts of sea level rise. These 
strategies may include defense, accom-
modation, or and retreat projects, or not 
building planned infrastructure in vulner-
able locations, to address the impacts of 
sea level rise. Monroe County will consider 
developing design criteria, in conjunction 
with a broader asset management plan-
ning process.

Policy 1502.1.6. Within five (5) years 
after the adoption of the 2030 Comprehen-
sive Plan, Monroe County shall consider in-
corporating a planning, design and permit-
ting standard for infrastructure and public 
facilities that may include a sea level rise as-
sumption of 3”–7” by 2030 as developed by 

the Southeast Regional Climate Compact. 
The County shall review and update sea 
level rise projections when new and perti-
nent data is available. (The 3”–7” by 2030 is 
based on a 2010 baseline—if adjusted to a 
1992 baseline it would result in 6” to 10” by 
2030 above the 1992 mean sea level.)

Policy 1502.1.7. Monroe County 
shall ensure that new, renovated and re-
placement public facilities and infrastruc-
ture, such as streets and bridges, water 
and wastewater treatment plants, police 
stations and fire stations, and any other 
public facilities that the County has au-
thority over, are designed in a manner 
which considers the useful life of public fa-
cilities and infrastructure. The County shall 
also consider the potential impacts from 
climate change, including rising sea levels 
and shoreline stabilization needs, on its in-
frastructure and public facilities.

Policy 1502.1.8. Monroe County 
shall exchange data regarding locally-spe-
cific vulnerable areas and land use strate-
gies/policies with the Florida Department 
of Transportation, the U.S. Department of 
Transportation and the Federal Highway 
Administration relative to ferry, airport, 
transit, bridges and transportation systems.

Policy 1502.1.9. Monroe County 
shall coordinate with appropriate agen-
cies to monitor changes to minimum road 
elevation standards which may be specific 
to Monroe County due to its unique expo-
sure to climate change and sea level rise 
impacts. This could also include enhanced 
stormwater management requirements 
and resurfacing requirements for certain 
transportation segments.

Policy 1502.1.10. Within five (5) years 
after the adoption of the 2030 Compre-
hensive Plan, Monroe County shall review 
land development regulations that ad-
dress stormwater management consid-
erations for sea level rise impacts. To the 
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extent practicable, Monroe County shall 
incorporate green infrastructure or passive 
alternatives that maximize land preserva-
tion over impervious or “active” infrastruc-
ture. Such alternatives could include the 
reconditioning and reuse of septic tanks, 
increased use of rainwater harvesting tech-
niques, such as cisterns and other water 
storage techniques. Monroe County shall 
determine if land development regulation 
amendments are needed to address in-
creased retention requirements and other 
topographic or infiltration considerations 
which may influence stormwater man-
agement requirements. Monroe County 
shall also consider the ability to meet water 
quality requirements related to stormwa-
ter management regulations and if there 
are any impacts from climate change that 
may jeopardize the County’s ability to meet 
those requirements.

For more information on Mon-
roe County’s comprehensive plan, 
visit www.monroecounty-fl.gov/180/ 
Comprehensive-Planning.

Review based on plan updates. As hazard mitigation 
plans are updated every five years, planners and their com-
munities should remain engaged in the process to identify 
changes, coordinate actions, and ensure integration with 
other local plans and processes. This is especially important 
as new infrastructure needs are identified in light of ongoing 
climate change impacts. As comprehensive and other local 
plans change to accommodate revisions to climate models 
and any emerging observed impacts on planned or existing 
infrastructure, hazard mitigation plans and any identified 
mitigation actions should be revised to reflect this new reality. 

Climate Adaptation Plans
Communities develop climate adaptation plans to under-
stand how they will be impacted by climate change, and to 
determine the actions that need to be taken to adapt to those 
impacts. Climate adaptation plans (sometimes called climate 
resilience plans, especially when integrated with climate miti-
gation planning) may assess and recommend actions across a 
community; others may focus on specific areas, such as hous-
ing or transportation. 

Climate adaptation plans tend to extensively survey the 
state of local infrastructure, and they often result in recom-
mended actions to adapt existing infrastructure, establish 
new standards and guidelines for infrastructure develop-
ment, and identify areas in which new infrastructure will be 
needed to cope with climate change impacts. 

Planners can play a major leadership and coordinating 
role in the development of climate adaptation plans, espe-
cially when considering long-term infrastructure resilience 
to flood hazards. One example of how hazard mitigation and 
climate adaptation can be comprehensively integrated to bet-
ter assess risk and plan for the future is Baltimore’s Disaster 
Preparedness and Planning Project (DP3), described in the 
sidebar on p. 71. 

The following are recommended practices for planners 
engaged in climate adaptation planning:

Define the scope. Planners should ensure that the scope 
of climate adaptation plans is well defined. Climate change 
and more frequent and severe flooding can have wide-ranging 
and unpredictable impacts. This can lead to plans with overly 
broad recommendations that do not outline and define clear 
objectives and actions for dealing with these impacts. By clear-
ly defining the scope around a time frame for action or area of 
focus (such as a specific infrastructure system), a community 
will be better equipped to make specific recommendations. 

Practice equitable and extensive public engagement. 
Given the complexity of future climate impacts and the im-

http://www.monroecounty-fl.gov/180/Comprehensive-Planning
http://www.monroecounty-fl.gov/180/Comprehensive-Planning
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portance of local infrastructure to the safety and well-being 
of the lives of residents, planners should engage the com-
munity as extensively as possible. Climate change and more 
severe flooding are expected to have considerable and dispro-
portionate impacts on underrepresented communities. Rely-
ing on local expertise and engaging thoughtfully with these 
communities can help to ensure that those bearing the bur-
dens of climate change have a voice in adaptation planning 
and implementation. 

Create links to the comprehensive and other local 
plans. Climate adaptation plans can function as documents 
independent of comprehensive plans, they can be com-
ponents of comprehensive plans, or they can be reference 
documents used in comprehensive and other local planning 
processes. Planners should work to develop strong linkages 
between climate adaptation plans and other local plans, espe-
cially for goals, objectives, and recommended actions. Where 
actions concern infrastructure adaptation and the develop-
ment of standards and guidelines, planners should ensure 
that time frames and responsible agencies are well defined 
and in agreement with the comprehensive plan. 

Update regularly. Climate adaptation plans should 
be updated regularly, preferably along with and in between 
comprehensive plan updates. A regular update schedule will 
allow planners and their communities to monitor progress 
toward infrastructure adaptation and upgrades; regularly 
incorporate emerging information on how local flood events 
are impacting existing infrastructure; and integrate new cli-
mate science, projections, and information into the plan and 
any resulting policies, regulations, standards, and guidelines. 

Parks, Open Space, and Natural Systems Plans
Parks, open space networks, and natural systems have a wide 
variety of co-benefits for long-term climate resilience and com-
munity adaptation to future flood hazards. These plans can 
feature frameworks for the protection of existing ecological 
systems such as dunes or wetlands, include strategies calling 
for the use of green infrastructure features, or outline the flood 
storage benefits of existing park assets such as sports fields. 
The sidebar on pp. 72–73 describes how Norfolk, Virginia, 
integrated resilience and sea level rise considerations into its 
green infrastructure plan.

The following are a series of strategies that planners 
should consider when developing parks, open space, and nat-
ural systems plans for long-term community resilience. 

Consider the co-benefits. Parks, open spaces, and nat-
ural systems can be a major part of a community’s overall 
flood resilience strategy. When crafting a parks and open 

space plan, identify how parks, open space, and ecological 
systems could be used as flood storage for storm surge or 
riverine flooding. Consider also how existing natural sys-
tems like wetlands absorb floodwaters and provide buffers to 
inhabited areas. Identify strategies to preserve and expand 
on these benefits by developing regulations that protect the 
integrity of wetlands, habitats, and riparian areas that are 
under threat of future development. Explore, consider, and 
include future purchases of important natural areas by the 
municipality, conservation groups, or others to include in 
the public park system.

Ensure adaptive capacity. Consider how existing and 
future parks and natural systems may be impacted by more 
frequent and severe flooding. If these resources are already 
serving as flood storage or buffers, analyze how more fre-
quent and severe flooding in the future may impact their 
ability to function effectively. Try to minimize the interven-
tions and costs of future adaptation by planning for systems 
that can cope with a variety of future flood, surge, and pre-
cipitation scenarios. 

Align with community goals and objectives. Iden-
tify primary and secondary roles for parks, open space, and 
natural systems that are aligned with community goals. 
Planned recreational facilities should serve community rec-
reational needs and goals first and act as flood infrastructure 
second. For open space networks and natural features with 
clearer flood resilience benefits, identify and plan for ways 
to improve upon those functions without damaging existing 
ecological functions. 

Infrastructure Plans and Programs
Generally, infrastructure plans are highly technical docu-
ments that originate in engineering and public works de-
partments. These plans can be unfamiliar to or disconnected 
from the daily work of planners and planning departments. 
Nonetheless, infrastructure plans are essential resources for 
implementing comprehensive plans. In order to increase the 
likelihood of comprehensive plan implementation and to in-
fluence the degree to which these plans consider future flood 
impacts, planners should be involved in the development of 
infrastructure plans and knowledgeable about how they in-
teract with other local implementation techniques.

In contrast to a community’s capital improvements 
plan (which is explored in detail in Chapter 5), most infra-
structure plans are organized around a single type of infra-
structure system. The most complete infrastructure plans 
and programs at the municipal level are generally related to 
water, wastewater, and transportation infrastructure (Elmer 
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INTEGRATING HAZARD MITIGATION, CLIMATE ADAPTATION,  
AND INFRASTRUCTURE PLANNING IN BALTIMORE

The well-established connection be-
tween an event (a high tide, storm surge, 
or coastal storm) and its precipitating 
factor (climate change) means that simi-
lar connections between hazard mitiga-
tion and climate adaptation are essential 
for coastal communities. Creating this 
linkage can help to establish a base pro-
file of coastal hazards vulnerability that 
considers both long-term concerns and 
short-term impacts. 

Along these lines, the City of Balti-
more through its Disaster Preparedness 
and Planning Project (DP3) has worked 
to comprehensively integrate hazard 
mitigation and climate adaptation plan-
ning to better assess future risk and plan 
for the future. 

Completed in 2013 and updated in 
2018, DP3 analysis and recommenda-
tions centered on four strategy areas:

• Infrastructure: maintaining quality 
and capacity to meet future existing 
needs

• Buildings: improving building design 
and codes to protect against existing 
and future hazards and improve the 
conservation of natural resources

• Natural systems: preserving natural 
systems as community resources and 
as natural infrastructure 

• Public services: coordinating public 
services to ensure safety and improve 
outreach and education on hazards 
and climate impacts

Early phases of the plan focused 
on extensive risk and vulnerability as-
sessment based on both current and 
future natural hazard risks. This process 
included:

• Hazard identification
• Infrastructure and asset inventory, in-

cluding hospitals, schools, and other 
facilities

• Risk modeling based on future cli-
mate projections

• Assessment of the exposure, sensi-
tivity, and adaptive capacity of infra-
structure, assets, and critical facilities

The resulting actions are heavily 
oriented toward infrastructure resilience 
and adaptation to future flood hazards 
and coastal storms. They include:

• Evaluating and improving the resil-
ience of communication systems to 
more frequent and severe weather 
events

• Adapting stormwater systems with 
green infrastructure based on future 
rainfall projections

• Adapting road materials and evaluat-
ing maintenance schedules based on 
future hazard projections

• Protecting the wastewater system 
from future flood impacts to improve 
water quality and the health of im-
portant local ecosystems

• Requiring integration of hazard miti-
gation and climate adaptation into 
the capital improvement program

• Extending and enhancing wetland 
and riparian buffers throughout the 
city as natural flood infrastructure

• Creating and enhancing coastal buf-
fers for flood storage and protection 
and ecosystem preservation

• Conducting ongoing analysis and 
regular revisions based on emerging 
climate science and information that 
will be used to inform future policies

More information on Baltimore’s 
Disaster Preparedness and Plan-
ning Project is available at www 
.baltimoresustainability.org/plans/ 
disaster-preparedness-plan. 

http://www.baltimoresustainability.org/plans/disaster-preparedness-plan/
http://www.baltimoresustainability.org/plans/disaster-preparedness-plan/
http://www.baltimoresustainability.org/plans/disaster-preparedness-plan/
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A GREEN INFRASTRUCTURE PLAN FOR NORFOLK 

As part of its participation in the Rock-
efeller Foundation’s 100 Resilient Cit-
ies initiative and its own plaNorfolk2030 
comprehensive planning efforts, in 2018 
the city of Norfolk, Virginia, developed 
a green infrastructure plan (Figure 4.4) 
intended to advance environmental out-
comes, improve community health, and 
protect vital infrastructure systems. 

The plan is designed around ex-
panding the city’s existing network of 
green infrastructure to provide a wide va-
riety of co-benefits such as improving air 
and water quality, reducing the impacts 
of stormwater flooding, and increasing 
recreational opportunities for residents. 

Following an extensive public out-
reach process and analysis of existing 
conditions, the city developed a series 
of strategies centered on the themes of 
“Land” and “Water.” 

• Land Goal 1: Increase and maintain 
natural green infrastructure—urban 
forest, shrub and meadow habitats—
to support wildlife, infiltrate and clean 
water, improve air quality, reduce 
high temperatures, and provide scenic 
beauty.

• Land Goal 2: Install and maintain con-
structed green infrastructure to detain 
and retain stormwater and beautify ar-
eas where natural green infrastructure 
practices are less suitable.

• Land Goal 3: Provide adequate open 
space access to ensure a healthful city 
for residents and visitors.

• Water Goal 1: Protect and restore natu-
ral shorelines to support healthy aquatic 
life, storm buffering, and water filtration.

• Water Goal 2: Expand water access for 
boaters, fishermen, birders and walkers 
of all abilities.

The city developed criteria for green 
infrastructure based on how it will be im-
pacted by sea level rise over its expected 
useful life. Given the reduced financial 
outlay and the lower life expectancy of 
vegetation and other forms of green in-
frastructure when compared with gray 
infrastructure, the city was more lenient 
in assessing the viability of potential 
green infrastructure in the face of sea 
level rise impacts—if planting projects 
will not be underwater by the year 2040, 
then they are considered viable. The flex-
ibility offered by green infrastructure as 
a lower-cost option capable of offering 
benefits even in areas at significant risk 
of sea level rise is significant.

The city plans to actively update 
the plan on an annual basis as a way 
to monitor progress on plan goals and 
objectives. Actions not underway ac-

Figure 4.4. Norfolk’s 

2018 green infrastruc-

ture plan outlines an 

ambitious strategy for 

the expansion of the 

city’s existing green 

infrastructure network 

(Green Infrastructure 

Center, Inc.)
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and Leigland 2014)—all of which have significant potential to 
be negatively affected by more severe and frequent flooding. 
Ensuring that the planning, siting, and design of these and 
other related systems are based on future flood risk factors is 
essential to advancing overall community resilience. 

In general, there are six steps in the preparation of an 
infrastructure plan. Planners can play a crucial role at each 
step in the process by creating the linkages between future 
flood risk due to climate change and long-term community 
resilience. The following are recommended practices to help 
planners better engage in the process of infrastructure plan-
ning (Elmer and Leigland 2014).

Organize the planning process. The first stage of the 
infrastructure planning process generally involves building 
the team that will develop the plan and preparing the public 
engagement process. Planners should also play a major role in 
crafting the public engagement plan to ensure that it is equita-
ble and engages traditionally underrepresented stakeholders. 

Analyze existing conditions. While this is likely to be 
a relatively technical exercise of infrastructure condition as-
sessment and inventory, planners should ensure that discus-
sions around the determination of service areas and capacity 
are consistent with existing conditions analyses and climate 
risk and vulnerability assessments that may be a part of com-
prehensive, hazard mitigation, and climate adaptation plans.

Determine the goals and objectives for the system. En-
gagement by planning staff in the infrastructure planning pro-
cess can help to ensure links with the comprehensive plan and 
other local plans and alignment with climate resilience goals 
and objectives. For example, if the climate adaptation plan 
identifies a need to increase the capacity of the stormwater sys-
tem to accommodate extreme precipitation rates by 2030, then 
the stormwater plan should reflect those goals and develop 
more specific objectives to meet them within that time frame. 

Project future demand and needs. Traditional demand 
assessment for an infrastructure system may revolve around 
population projections and changes in land-use and devel-
opment patterns. Planners can be crucial to this stage of the 
process by integrating information from other existing plans 
and introducing future considerations that may not already 
be a part of the analysis. If information exists on future pre-
cipitation rates, rates of sea level rise, and the scale of damage 
associated with coastal storms within a climate vulnerability 
assessment, a comprehensive plan, a climate adaptation plan, 
or a hazard mitigation plan, then it should be integrated into 
any analysis of future needs or system capacity.

Identify and evaluate alternatives. Identifying and 
evaluating alternatives in infrastructure plans can include 

cording to the proper time frame will be 
assessed by the city to decide whether 
changes need to be made or additional 
resources are necessary. Additionally, 
all city departments involved in imple-
mentation will be required to assess 
their current and future workplans for 
areas in which the green infrastructure 
strategy can be included.

More information on A Green Infra-
structure Plan for Norfolk is available at 
www.gicinc.org/virginia.htm. 
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scenario modeling and spatial simulations. This is also the 
stage at which costs, potential financing alternatives, and sec-
ondary impacts should also be considered. Planners should 
play a role in identifying and evaluating future scenarios 
based on potential secondary impacts of future flood hazards. 
This can include analyses of population shifts due to extreme 
flooding in certain areas, changing community needs based 
on heightened flood risk, and impacts to the local economy, 
public health, emergency services, and natural systems. 

Adopt an alternative and implement the plan. The final 
step in an infrastructure planning process involves imple-
menting the selected alternative. Planners should ensure that 
the selected alternative is both resilient to future flooding and 
helps to advance overall community resilience. The adopted 
plan should be consistent with the comprehensive plan and 
any other local plans. 

Communities may want to consider adding the adopted 
infrastructure plan as an appendix to the comprehensive or 
climate adaptation plan. When the comprehensive plan is 
amended, the adopted infrastructure plan should be included 
as documentation in the early stages of the planning process 
to improve coordination and alignment between plans. 

CONCLUSION

The plan-making process is among the most crucial steps 
to ensuring long-term community and infrastructure resil-
ience to future flood hazards. By developing plans that are 
informed by climate risk, planners establish a foundation that 
can be built upon by future plans, policies, and actions. 

Plans informed by climate risks should not sit on a shelf. 
By developing clear linkages between plans and implemen-
tation through infrastructure, planners can help to realize 
long-term adaptation goals. Managing the transition to im-
plementation, however, is crucial. As communities develop 
their capital improvements program, which is explored in 
depth in the next chapter, planners should continue to be at 
the front lines of ensuring alignment and consistency. 
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Infrastructure planning is undergoing a dramatic transformation, particularly for communities that are facing the challenges 
of sea level rise, more severe storms, and flooding due to more intense and frequent precipitation. Communities that continue 
to plan based on past trends in the face of climate change uncertainties threaten their future viability. 

No person or place is immune from disasters or disaster-
related losses. Increasing the resilience of local infrastructure 
through better planning and implementation will reduce di-
saster losses, improve the safety and well-being of communi-
ties, and create a wide variety of local co-benefits. 

The first four chapters of this report have outlined how 
communities can understand their vulnerability to future cli-
mate impacts and how they can plan for infrastructure that is 
adaptable to future flood risk and increases overall communi-
ty resilience. This chapter shifts the focus to implementation. 
Public investment in local infrastructure is one of the most 
powerful and direct means through which communities can 
both address their vulnerability to future climate risks and 
implement their plans. 

The capital improvements plan (CIP) is critical to realiz-
ing the goals, objectives, and actions identified in these plans 
through on-the-ground implementation. Making connec-
tions between regional, comprehensive, or functional plans 
and the local CIP can empower communities to ensure that 
infrastructure is meeting long-term resilience goals. 

This chapter documents how planners and communi-
ties can use capital improvements planning to improve the 
resilience of local infrastructure to future flood hazards. It 
outlines the primary components of capital improvements 
planning and discusses the overall process and role of plan-
ners in the context of long-term infrastructure resilience, 
and it highlights how planners can improve CIP policies, 
increase engagement and alignment with other city depart-
ments and agencies, and create strong links between the CIP 
and other local plans. 

AN OVERVIEW OF CAPITAL  
IMPROVEMENTS PLANNING

CIPs document the ongoing process of providing and main-
taining the infrastructure to support a specific quality of life 
in a community. These plans are used to assess infrastructure 
needs within a jurisdiction over a defined timeframe (five to 
seven years is considered a best practice), weigh these needs 
against overall goals and objectives, and then evaluate specif-
ic infrastructure projects that should be prioritized for fund-
ing (Elmer and Leigland 2014). 

Ideally, a CIP should be linked to both a capital needs 
study that evaluates infrastructure systems (e.g., stormwater, 
energy, transportation) and the fiscal realities of a jurisdic-
tion (Elmer and Leigland 2014). As a critical tool for imple-
mentation, the CIP should also be strongly linked to the local 
comprehensive and functional plans within a community. 

A formal CIP document should include:

• The process and plans to achieve local infrastructure and 
service goals over the CIP’s timeframe

• Assessments of short- and long-term capital needs, or refer-
ences to separate facility master plans that outline these needs

• A discussion of the intradepartmental and interagency in-
frastructure coordination process

• An annual schedule for nonrecurring infrastructure in-
vestments

• Short-term and long-term funding needs and sources 

While different jurisdictions may focus on a differ-
ent mix of infrastructure improvements based on local and 
statutory assignments of responsibility, generally the mix of 
sectors and types will include those listed in Table 1.2, p. 15. 
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DECLINING REVENUE BASES AND FUNDING FOR INFRASTRUCTURE RESILIENCE

In some areas, the impacts of climate 
change are already causing declining 
revenue bases for communities. From 
2005 to 2017, rising sea levels, associated 
flood impacts, and consequent market 
fears of the vulnerability of coastal 
property reduced coastal property 
values by $7.4 billion in five states (First 
Street Foundation 2018). Florida lost $5.4 
billion of this total, with $465 million lost 
in the Miami-Dade area alone (Figure 5.1). 

The local tax bases, revenue streams, 
and debt capacities of counties and 
municipalities are directly threatened by 
climate change. This means increased 
competition for external funding 
from state, federal, or private sources, 
which are likely to increase matching 
requirements to make the most of 
limited funds. 

For communities that refuse to 
adapt—or cannot afford to adapt—to 
climate change, tax and utility revenues 
are likely to decrease as the value of 
vulnerable coastal property decreases, 
as lost coastal property loses all its value, 
and as the population decreases due 
to outmigration of displaced or risk-
averse residents. But for communities 
that can protect their infrastructure and 

development from rising waters, there 
may be temporary gains in value. Post-
Katrina New Orleans foreshadows this, 
as neighborhoods on relatively higher 
ground have experienced increased 
investment and surges in property 
values while more vulnerable areas have 
declined. 

Questions of social equity will take 
on increasing importance, as much of 
the more affordable coastal property is 
in the most vulnerable areas. Southeast 
Florida provides a good example of this, 
as properties along the coastal ridge are 
some of the most valuable real estate 
and more affordable communities are 
located on lower ground to the south 
and west. While wealthier areas of 
Miami may have the resources to fund 
critical infrastructure, its lower-income 
suburbs to the west, such as Sweetwater, 
lack the tax base and household 
incomes required to make essential 
improvements. 

Funding for infrastructure resilience 
is discussed in more depth in Chapter 7 
of this report. 

Figure 5.1. Property losses from 2005 to 2017 due to sea level rise (First Street 

Foundation) 
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The capital improvement planning process requires 
communities to have a strong understanding of their priori-
ties. In the context of developing a CIP, communities must 
consider how they will target investments to achieve commu-
nity objectives for growth, preservation, conservation, revi-
talization, health, resilience, and a host of other factors. The 
local comprehensive plan, if up to date, is a valuable resource 
for weighing these priorities against one another.

Communities must also consider how they wish to 
maintain levels of services to provide certainty for residents 
and businesses. To realize long-term goals and maintain ex-
pected levels of service, communities must make efficient 
use of limited funding. Therefore, spending on infrastruc-
ture that achieves local goals, maintains quality of life, and 
reduces risks to life, property, and the natural environment 
must be balanced against a community’s ability to pay for it. 

ADDRESSING CLIMATE AND FLOOD RISK  
IN THE CIP

Climate change impacts pose a wide variety of challenges to 
communities, their infrastructure, and their capital infra-
structure coordination processes. 

Communities that are already struggling to prioritize and 
fund projects based on a variety of community needs must 
now consider the risks posed by future hazards that are not 
grounded in historic precedent. For infrastructure that deals 
directly with flooding or water resources management, such 
as stormwater drainage and retention, wastewater treatment, 
and coastal protection, staff must develop new procedures to 
rank and prioritize projects based on uncertain rainfall or sea 
level rise projections. Other local infrastructure and capital 
projects are no less at risk and will face similar prioritization 
challenges related to the increasing costs of maintaining, re-
pairing, or adapting infrastructure. At the same time, climate 
change may be affecting local revenues and tightening local 
budgets, as explained in the sidebar on p. 78.

This section walks readers through the capital improve-
ment planning process, focusing on the role of planners and 
the identification of interventions in this process to better in-
tegrate infrastructure resilience. 

The Capital Improvement Planning Process
The local commitment to a formalized CIP process varies 
widely across jurisdictions. Some communities may simply 
ask project managers and infrastructure departments or 
agencies to assemble wish lists and propose an allocation of 

resources based on perceived need, existing funding sources, 
and various political considerations. 

This relatively informal approach skips critical parts of 
the capital planning process that are designed to integrate a 
wider variety of considerations and viewpoints. While needs 
and potential projects are identified, the process is largely in-
ternal and neglects many internal and external stakeholders, 
in addition to obscuring the basis for the community’s criti-
cal investment decisions. 

This approach can also exclude planners, resulting in an 
exercise that disregards existing plans and prioritizes projects 
that do not advance long-term community goals. For com-
munities that are facing more severe and frequent flooding 
due to climate change and have a strong vision for infra-
structure resilience through their comprehensive or climate 
adaptation plans, overlooking these priorities in the CIP will 
result in bad investments, exposed infrastructure, and com-
munities that are vulnerable to more severe future flooding. 

A complete CIP process should include the following 
steps: 

• Establish scope, process, and participants
• Identify the basis for needs
• Identify projects
• Prioritize and select projects for funding
• Prepare and recommend the CIP
• Adopt and implement 

The process should engage a wide variety of internal and 
external stakeholders and should be based on existing com-
munity plans, goals, and objectives. As outlined in Table 5.1 
(p. 80) and in the subsequent sections, planners should play a 
critical role in this process by ensuring that both community 
and infrastructure resilience are considered at each stage of 
the process. 

Establish Scope, Process, and Participants 
This first stage in the process should identify all relevant 
stakeholders within and outside the organization and pro-
vide meaningful opportunities to identify needs and oppor-
tunities. Establishing the scope and identifying needs can 
draw from existing planning documents and processes, such 
as comprehensive, hazard mitigation, or climate adaptation 
planning efforts. 

While department heads can be expected to advance and 
protect their own silos, planners and planning departments 
can be crucial to fostering interdepartmental collaboration 
and coordination. Planners and planning departments tend 
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not to oversee infrastructure assets and so can function as 
arbiters and coordinators throughout the process. For this 
reason, and because of the CIP’s intended links to compre-
hensive planning, planning departments are ideal overseers 
of the CIP process, and in some municipalities’ charters or 
codes they are specifically called on to do so. 

In organizing the committee or workgroup tasked with 
overseeing the development of the CIP, planners should seek 
to engage departments and agencies that can provide valu-
able input in scoping, prioritizing, and selecting projects. 
This list should include participants from departments that 
oversee infrastructure, such as public works or transporta-
tion, but should also include local health officials and flood-
plain and emergency managers. Even in cases where plan-
ners are not overseeing the process or participation from 
other agencies may be lacking, planners should still argue 
for strong links to the goals and objectives within the com-
prehensive and other local plans that have been informed by 
a wider variety of municipal agencies. 

In the scoping process, planners can help to introduce 
additional factors that public works or engineering staff 
may not have considered. It is vital to include the economic, 
environmental, and social equity issues raised by climate 
change and how it impacts those who live in the most vul-
nerable neighborhoods. The resilience of local infrastruc-
ture, and how well it serves residents and stakeholders who 
are underprivileged or in neighborhoods that are more ex-
posed to future climate impacts, is an important environ-
mental justice issue. Planners should convey these concerns 
and perspectives to the committee or workgroup tasked 
with scoping the CIP. 

Identify the Basis for Needs 
Identifying the basis for needs helps to establish the founda-
tion for the later prioritization and selection of projects in the 
CIP. The committee tasked with developing the CIP should 
consider several critical questions at this stage, ranging from 
the practical day-to-day concerns of future flooding on infra-

Stages of the CIP Process Integrating Future Flood Considerations 

Establish scope, process, 
and participants

Engage a wide variety of potential participants, including departmental representatives from outside the traditional 
infrastructure agencies in the CIP committee to ensure a wider variety of factors are considered throughout the 
process 

Identify needs
Integrate findings from vulnerability assessments and local plans on the potential impacts of future flooding on infra-
structure levels of service and the exposure of neighborhoods and populations into existing processes for analyzing 
existing conditions and long-term infrastructure needs 

Identify projects
Ensure that the projects identified for potential inclusion in the CIP are aligned with long-term infrastructure goals 
and needs identified in local plans, and that future climate risks to both the infrastructure itself and the communities 
that infrastructure is intended to serve are identified in a vulnerability assessment 

Prioritize and select     
projects for funding

Assess the long-term value and costs of infrastructure projects in light of the future flood risks posed to those 
projects, the maintenance and adaptation measures that might be necessary to ensure the continued operation of 
infrastructure, the overall vulnerability of the areas and populations that infrastructure is intended to serve, and the 
potential resiliency benefits that the project might bring

Prepare and  
recommend the CIP

Establish a clear rationale for project selection that is consistent with comprehensive (or functional) plan recommen-
dations, a sound understanding of the flood vulnerability of the selected projects, and clear justifications for how the 
selected projects advance flood resiliency goals

Adoption and  
implementation 

Review the adopted CIP annually and help to define a regular update process to ensure continued integration of flood 
resilience goals into the CIP and alignment with existing or ongoing planning processes 

TABLE 5.1. INTEGRATING INFRASTRUCTURE RESILIENCY INTO THE CIP PROCESS
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structure operations to the visionary and bigger-picture goals 
identified in the comprehensive plan. Examples include the 
following:

• What are the levels of service being sought for the infra-
structure system? Are these levels of service based on a static 
population base in a specific neighborhood? What impacts 
might future flooding have on those population figures?

• How do these considerations align with the community’s 
goals and objectives for that neighborhood? 

• What time frames are other service providers planning 
for? Are these aligned, or are they based on different 
sources of information? For example, if the street depart-
ment is planning to resurface roads on a schedule, how 
does that schedule compare to plans for new stormwater 
infrastructure under those roads? Will this new stormwa-
ter infrastructure have an impact on how those roads are 
impacted by flooding?

• When dealing with sea level rise or storm intensities, are 
all departments working with the same assumptions for 
how high the water will rise, or how impactful storm surg-
es might be?

Planners should seek to structure this conversation by 
seeking out clear linkages between the goals, objectives, and 
actions cited in the comprehensive or climate adaptation plan 
and the basis for needs in the capital improvements plan. 

For considerations related to infrastructure resilience, 
climate vulnerability assessments, comprehensive plans, or 
adaptation plans can be critical sources of data and informa-
tion related to future climate impacts. For example, if a climate 
adaptation plan identifies and designates local areas of risk 
based on a particular sea level rise projection, then this projec-
tion should be considered as a basis for decision making on 
infrastructure within those areas. Referring to existing plans 
that have reached informed conclusions about future needs 
and risk factors can help to address the uncertainty of future 
impacts and remove one of the more critical impediments to 
prioritizing infrastructure projects later in the process.

Identify Projects
At this stage, the committee will be tasked with identifying 
projects for potential inclusion in the formal CIP document. 
Questions commonly considered at this stage may include:

• What projects are most critical for the coming years, given 
assumptions for demand? 

• How does each of the projects relate to other projects? 

• What needs to be in place for each project to occur? 
• Are there economies of scale, or concurrence, that can be 

implemented?
• How much will each project cost to build, operate, and 

maintain? 

Referring to the prior stages in the process is crucial to 
ensuring that the considerations and risk factors identified 
in those stages are a major part of identifying which projects 
will be considered in the CIP. For example, questions of fu-
ture demand along with factors of future flood risk should be 
considered when determining critical infrastructure needs. 
Future impacts from more severe and frequent flooding 
should factor into determining the costs of construction, op-
eration, and maintenance. 

It is important to remember that adaptation actions may 
increase the up-front costs of projects (through elevation, 
hardening, or other strategies), but these costs will often more 
than pay for themselves in the project’s overall adaptive ca-
pacity and its longer useful life. Projects that do not integrate 
adaptation early on will likely be subject to higher mainte-
nance costs and potential early replacement. These factors 
should be considered in the project identification stage. 

Prioritize and Select Projects for Funding 
Prioritizing and selecting projects for funding should be an 
iterative process of balancing funding and timing of projects 
that engages all infrastructure agencies and service provid-
ers. Many communities use this process to distinguish fund-
ed projects from unfunded projects that typically float until 
funding can be secured. 

The input of agencies and stakeholders should be a ma-
jor part of this process. Planners should continue to help 
ensure that those projects that are prioritized for funding 
are in line with any long-term climate resilience goals estab-
lished in comprehensive, climate adaptation, or other local 
plans. As these plans are typically developed with significant 
community input, they should provide a reliable perspective 
through which agencies can assess the community’s long-
term infrastructure goals. 

Practical consideration for infrastructure resilience in 
the prioritization and selection stage should center on the 
long-term value of investments, particularly in a communi-
ty’s most vulnerable areas. If the community has identified 
certain areas as especially susceptible to sea level rise within 
25 years, does new stormwater infrastructure in those areas 
have long-term value? Of course, infrastructure resilience is 
not the only consideration at this stage. Compelling public 
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safety reasons or community goals of continuing to provide 
high-quality services even in at-risk areas are valid consider-
ations in prioritizing projects. Planners should play a major 
role in arbitrating and facilitating these conversations. 

Prepare and Recommend the CIP 
At this stage, the CIP and budget are prepared and then rec-
ommended to the local decision-making body for adoption 
and funding. While the focus of the CIP process up to this 
point may have been on projects, schedules, prioritization, 
and funding, documentation of the CIP process and the ra-
tionale for the decisions it incorporates is essential to build-
ing foundation for future decisions. Planners can be vital to 
ensuring the success of this stage. 

The preparation of the CIP document can be a great op-
portunity to formally tie the CIP process to the comprehen-
sive or climate adaptation plan. Comprehensive plan goals 
should be identified or cited in the CIP to highlight how 
certain projects advance infrastructure and community re-
silience. While it is expected that the CIP document may fea-
ture technical information such as sea level rise projections or 
charts featuring complex cost-benefit analyses, planners can 
help to render this information in plain language and with 
specific linkages to resilience goals, objectives, and actions 
developed in other local plans. 

Describing the process by which the CIP was developed 
and explaining the rationale for why certain decisions were 
made can help to guide future infrastructure planning ef-
forts. New participants in subsequent CIP processes may 
require a reference for understanding how the committee 
or workgroup is formed, how long the process will take, or 
what considerations factor into project prioritization. Plan-
ners should ensure that this information is clearly outlined 
and presented in the current CIP to help guide participants 
in the next cycle. 

In the context of infrastructure resilience, it will be help-
ful for readers to understand the rationale for why certain 
decisions regarding a bridge elevation or stormwater drain-
age capacity may have been made, and what future scenarios 
informed those decisions. This context could be important if 
new data sources on future sea level rise or precipitation rates 
become available. 

Formally recommending the CIP involves presenting the 
document and its budget to the local body of elected officials. 
The clarity of a CIP, how well it meets the goals and objec-
tives identified in the comprehensive plan, and the degree to 
which the projects identified for funding provide long-term 
value to the community are vital at this stage. Especially in 

communities that are susceptible to long-term flood impacts 
due to sea level rise, the resilience of infrastructure to these 
impacts may be high on the list of local priorities. Ensuring 
that adaptation goals are clearly defined and that associated 
costs carry substantial resilience benefits are likely to be help-
ful at this stage. 

Adoption and Implementation 
Municipalities do not formally adopt capital improvements 
plans as they would a comprehensive plan. Rather, the com-
munity will adopt the first year of funding for the projects 
identified in the CIP through its capital or operating budget. 

Adoption by the body of local elected officials is a step 
toward implementation, but communities must be nimble 
in the CIP’s implementation to account for infrastructure 
coordination issues and changing conditions. The projects 
ultimately funded are subject to political adjustments to ad-
dress citizen complaints or legislative desires. A severe flood 
can unsettle existing infrastructure plans and require the 
community to reallocate limited resources toward repairing 
critical systems. Rising water and increasingly severe flood-
ing may increase demands on infrastructure while compli-
cating the process by which communities can move toward 
implementation. 

Nevertheless, planners should work to ensure that future 
climate risk factors such as more severe and frequent flooding 
are integrated into the capital improvements planning pro-
cess. By rooting the infrastructure projects identified in a CIP 
in inclusive and expansive planning processes (particularly 
comprehensive planning processes), planners can help to 
build a strong case for adoption by the local decision-making 
body. A regular commitment to this integration as part of the 
regular CIP cycle can help to ensure that infrastructure resil-
ience remains a community priority. One such example is de-
scribed in the sidebar on p. 83, which reviews how San Fran-
cisco integrates sea level rise into its capital planning process. 

CONCLUSION

Capital improvements planning is a crucial tool for realizing 
the long-term resilience of communities and their infrastruc-
ture to future climate change risks such as sea level rise, se-
vere coastal storms, and more frequent periods of heavy and 
extreme precipitation. The involvement of planners in craft-
ing the CIP is vital to ensuring a crucial link between the 
goals and objectives identified in existing local plans and the 
actual process of designing and constructing infrastructure. 
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INFRASTRUCTURE RESILIENCE AND THE CAPITAL PLANNING PROCESS IN SAN FRANCISCO

The San Francisco case study in Chapter 
3 of this report describes how the city 
assesses the vulnerability of infrastruc-
ture to sea level rise. In addition to this 
formal vulnerability assessment process, 
the process by which the city organizes 
and prepares its capital plans is similarly 
vital in ensuring that projects are effec-
tively identified, vetted, prioritized, and 
selected for funding based on the con-
sideration of sea level rise impacts over 
the life of a project.

The city’s general plan and plan-
ning code, its Capital Planning Com-
mittee (CPC), the San Francisco Bay 
Conservation and Development Com-
mission, and the California Coastal 
Commission all play roles in both plan-
ning and implementing coastal infra-
structure in San Francisco. The overall 
process for developing the city’s capital 
plan is overseen by the CPC. The CPC 
is chaired by the city administrator and 
includes the president of the San Fran-
cisco Board of Supervisors, the mayor’s 
budget director, the controller, the 
planning director, and the departmen-
tal heads of all city agencies that plan 
for and operate infrastructure assets. 

The CPC provides city depart-
ments with overall guidance for evalu-
ating capital planning and mainte-
nance. These departments also need 
to consider relevant state regulations 
and guidance such as the California En-
vironmental Quality Act (CEQA), which 
requires coordination on many levels 
but may be advantageous. For exam-
ple, CEQA requires the city to consider 
whether projects would expose peo-
ple or structures to a “significant risk” 
of loss, injury, or death due to flooding. 
The planning department has adopted 
this standard and determined that it 
also applies to sea level rise. 

The CPC provides each agency 
and their project managers with a stan-
dardized checklist assessing exposure, 
sensitivity, and adaptive capacity, as 
described in the case study in Chapter 
3. This information is then compiled by 
each agency into its own distinct capi-
tal plan. The CPC reviews each agency’s 
plan for consistency, alignment with 
other local plans, and the degree to 
which it reduces long-term vulnerabili-
ties to sea level rise. A combined plan is 
then submitted to the mayor and board 
of supervisors for approval and funding. 

The city’s capital plan is intended as 
a framework that can be used to realize 
long-term infrastructure resilience while 
also addressing the day-to-day issues 
of safety and accessibility. This deeply 
integrated approach relies upon strong 
guidance from the CPC, significant buy-
in from agency and department heads, 
and a culture of resilience among indi-
vidual project managers. Such an ap-
proach is obviously scaled to the needs 
of a large city, but the principles of align-
ment, integration, and process standard-
ization for implementing infrastructure 
resilience are applicable to municipali-
ties of all sizes across the country. 

More information on San Fran-
cisco’s approach is available at http:// 
onesanfrancisco.org.

http://onesanfrancisco.org
http://onesanfrancisco.org
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Chapter 7 of this report will dig deeper into the chal-
lenges of developing standards and guidelines for resilient 
infrastructure and outline the role of planners in advancing 
community resilience goals through implementation. 
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CHAPTER 6
STANDARDS, 
GUIDELINES, AND 
REGULATIONS 
FOR RESILIENT 
INFRASTRUCTURE 
DEVELOPMENT
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The previous chapters of this report have discussed how communities can assess their vulnerability to climate change and as-
sociated flooding impacts, how they can develop plans to increase overall community and infrastructure resilience, and how 
these plans can be linked with implementation through the capital improvements plan. 

A critical next step for implementation includes develop-
ing and using standards and guidelines for the design, siting, 
and development of infrastructure that is resilient and adapt-
able to more intense and frequent flooding. These standards 
and guidelines can be used in conjunction with a variety of 
zoning, land-use, and associated regulatory mechanisms that 
can reduce the need for stationary gray infrastructure and 
ensure the resilience of privately constructed or maintained 
infrastructure that may be at risk due to future climate and 
flood hazards. 

This chapter will discuss the challenges surrounding in-
frastructure resiliency standards and the major barriers pre-
venting their use. Uncertainties regarding the scale of climate 
change risks and the many potential impacts to communities 
and their infrastructure have made developing predictable 
and broadly useful standards for resilient infrastructure de-
sign especially difficult, and much work remains to be done 
in this area. This section will also explore how planners can 
help to develop local standards and guidelines for infrastruc-
ture that advance local resiliency. 

Regulatory approaches through zoning and land-use 
tools can complement infrastructure guidelines and improve 
long-term community resilience. The chapter next offers a 
series of considerations to help planners ensure that privately 
developed or maintained infrastructure is resilient to more 
frequent and severe flooding. 

Finally, this chapter will conclude with overarching 
strategies for planners to hasten the adoption of local guide-
lines and regulations that advance community and infra-
structure resilience. 

STANDARDS AND GUIDELINES TO SUPPORT 
RESILIENT INFRASTRUCTURE

To date, there are no national standards for resilient infra-
structure that have been widely accepted by engineering 
and public works professionals. While efforts are underway 
through such recent publications as Climate-Resilient Infra-
structure: Adaptive Design and Risk Management from the 
American Society of Civil Engineers (ASCE 2018), formal 
and predictable resiliency standards that can be used across 
the country by local staff involved in infrastructure planning 
and design are still a few years away. 

In the absence of broadly accepted standards, communi-
ties can still develop contextual standards and guidelines for 
the siting and design of public infrastructure that is resilient 
to future climate change impacts. Planners can play a critical 
role in ensuring that these standards and guidelines advance 
long-term community resilience and are aligned with the 
visions outlined in comprehensive, climate adaptation, and 
other local plans. 

The Challenge of Infrastructure   
Resiliency Standards
Public infrastructure is expected to maximize benefits to pub-
lic safety, health, and well-being over the long term. In many 
cases, the useful life of public infrastructure is several decades 
long. There is considerable agreement among climate scien-
tists that a wide variety of impacts due to sea level rise, coastal 
storms, and more severe and intense precipitation events are 
likely within that time frame. However, significant uncertain-
ties exist regarding the scale and timing of these impacts. 

While global climate models continue to improve, down-
scaling climate change to the regional, subregional, and local 
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scales introduces additional uncertainties. At the sub-local 
and site scales, where most community infrastructure is con-
structed, these uncertainties pose significant challenges to 
local engineering and public works staff who are tasked with 
siting and design (Olsen 2015). Standard approaches exist for 
measuring and integrating levels of service for variables such 
as future population in the design of local infrastructure, but 
there are no formally established approaches to systematiz-
ing and standardizing climate change uncertainties. 

Current design practices do address natural hazards risk, 
but only to a certain extent. Climate stationarity refers to the 
assumption that the future climate and potential extremes 
will be much like the past. This creates a general sense of pre-
dictability surrounding climate and natural hazards that in-
frastructure can be designed to accommodate. In designing 
for a natural hazard like storm surge, for example, practices 
such as integrating freeboard (additional elevation above the 
base flood elevation) into the design of a public building or 
bridge to account for floods beyond the magnitude of one 
percent annual chance events are common and standardized 
both across the profession and within local practice.

Engineers are also familiar with common statistical 
methods such as confidence intervals, sampling error, and 
probability distributions to define the realm of what is possi-
ble and what can be designed for (Olsen 2015). These assump-
tions inform the development of standards governing where 
infrastructure should be built and what kinds of stresses it 
should be built to accommodate. 

Climate change, however, introduces complexities that 
pose a significant challenge to these existing methods for ac-
counting for future uncertainties in infrastructure design. Cli-
mate change does not just act upon the piece of infrastructure 
itself, it also introduces many new variables that undermine 
standard assumptions about the future. For example, these 
deeper uncertainties may include changes in demand that 
can result from how climate change impacts a city or region, 
population change due to migration resulting from climate 
impacts, the state of the local economy in especially exposed 
and vulnerable areas, and stresses on the natural environment 
that can impact broadly relied-upon natural resources. 

Atop these many variables are climate models that 
themselves are highly variable and dependent on assump-
tions about future greenhouse gas emissions (Olsen 2015). 
These models can outline future scenarios, but they are not 
predictions. They can be downscaled to regions and cities, 
but they lose precision as the scale becomes smaller.

The sheer number of variables that must be accounted 
for can paralyze the ability of staff to meaningfully factor 

future uncertainties into their calculations. Without broadly 
accepted methods and standards adopted by the profession, 
local staff are largely on their own in determining how to 
consider these factors in local project siting and design. But 
while such national standards do not yet exist, there is an 
increasing amount of guidance available for planners, engi-
neers, and other local staff involved in infrastructure plan-
ning that point a way forward for developing local standards 
and guidelines to support infrastructure resilience. 

Developing Local Standards and Guidelines 
to Support Infrastructure Resilience
Locally developed standards and guidelines for infrastruc-
ture siting and design that are informed by climate vulner-
ability assessments and any applicable local plans and pro-
cesses can help to remove the guesswork for staff involved in 
infrastructure implementation. 

Local standards and guidelines can help staff cope with 
future uncertainties by focusing particularly on the local 
context. This can be especially helpful to engineering staff, 
public works staff, and infrastructure project managers who 
ordinarily rely upon standard design manuals and historic 
hazards data. While planners may not be involved in the for-
mal design of infrastructure, they can play a crucial role in 
advising and overseeing the development of standards and 
guidelines. Therefore, planners should at least be aware of 
emerging methods in engineering and infrastructure design 
practice to account for more frequent and severe flooding. 

This guidance is drawn from the “observational meth-
od,” which is well established in geotechnical engineering 
and has been studied for its use in infrastructure adapta-
tion practice (Olsen 2015). It is designed for establishing a 
process of initial design and adjustment over time based on 
observed changes in climate. The strategies described below 
are useful for the development of both standards, which are 
an established level of quality that must be adhered to, and 
guidelines, which are not necessarily required but outline a 
predictable approach.

Design and site infrastructure based on the most prob-
able climate scenario. The most probable climate scenario 
should be identified as the primary standard to which infra-
structure will be sited and designed. Less probable and more 
unfavorable scenarios should also be identified. 

While the identification of scenarios can be challeng-
ing, prior stages in the vulnerability assessment and planning 
processes should guide the scenario identification process. 
Maps identifying areas of risk and projected flood hazard im-
pacts within those areas will be especially useful at this stage. 
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Planning staff should work with and advise project managers 
on how these scenarios were selected. 

Design infrastructure to accommodate any unfavor-
able deviations from the most probable scenario. Unfavor-
able scenarios should factor into project siting and design. 
While the most probable scenario should drive the decision-
making process on siting, project capacity, and similar fac-
tors, more extreme flood impact scenarios should also be con-
sidered. Projects should be designed to accommodate these 
changes over time based on monitoring and observation. 

For example, a stormwater drainage project should be 
designed according to the most probable future changes in 
precipitation rates, but redundancies should be built into the 
system to allow it to be expanded at a later date based on more 
extreme scenarios. The actual modifications to be undertaken 
in the event of more extreme impacts should be outlined in 
the initial design stage to enable later modifications. 

Develop standard processes for observing changes 
over time. Processes should be identified at the time of proj-
ect design for monitoring and observation over the project’s 
design life. It is vital during the project design stage to iden-
tify the most critical changes to be measured. 

Considerations at this stage may include the integra-
tion of monitoring systems that measure water levels over 
time, the identification of departments or staff responsible 
for collecting condition data at regular intervals, and the 
data sources that will be relied upon to assess the severity 
of climate impacts. This information will be crucial to fu-
ture comprehensive, adaptation, and capital improvements 
planning processes. 

The information obtained through active and regular 
monitoring can inform infrastructure vulnerability and 
help a community assess future infrastructure needs and 
potential modifications based on existing infrastructure 
performance. For this reason, planners should be made 
aware of any climate impact monitoring processes identified 
at the design stage and become familiar with the practice of 
monitoring performance. 

Design and construct modifications in response to 
changes. If monitoring points to more extreme climate 
impacts, then local staff should refer to existing plans for 
project modifications. This stage relies on considerable buy-
in from local decision makers to undertake the necessary 
modifications. 

Funding will likely be required, in addition to the dedica-
tion of time and resources from local staff. However, if alter-
native scenarios were originally anticipated, considered, and 
adequately monitored, these investments are likely to be far 

less demanding, disruptive, and expensive than if the project 
was not designed for adaptation over time. If local plans are 
diligently updated at regular intervals, these modifications 
could be factored into existing plan-making processes. 

In the absence of formal criteria for designing infra-
structure that is resilient to more frequent and severe flood-
ing due to climate change, communities should consider de-
veloping their own standards and guidelines. Following the 
general process outlined above helps to address some of more 
complex difficulties of dealing with uncertainty by integrat-
ing a wide variety of future scenarios into the infrastructure 
design process. By building the capacity to adapt into initial 
project design, establishing systems for monitoring impacts, 
and formalizing the processes for making modifications 
based on infrastructure performance, communities can im-
prove their ability to adapt promptly and economically in the 
face of emerging but as yet uncertain future flood hazards. 

REGULATORY APPROACHES TO PRIVATELY  
DEVELOPED OR MAINTAINED INFRASTRUCTURE 

This report primarily discusses the ways in which a com-
munity can ensure that its public infrastructure is resilient 
to the impacts of more frequent and severe flooding due to 
climate change. 

However, in many communities, infrastructure can be 
developed by private entities as a condition for the construc-
tion of subdivisions or new residences. In some cases, long-
term maintenance responsibilities are assigned to homeown-
ers associations. Ensuring that this infrastructure is resilient 
to future flooding can be a challenge, especially in the case of 
homeowner association-managed flood detention infrastruc-
ture requiring regular maintenance and upkeep. 

The following are regulatory strategies planners should 
consider for privately developed or maintained infrastruc-
ture. These recommendations are largely drawn from PAS 
Report 584, Subdivision Design and Flood Hazard Areas 
(Schwab et al. 2016), with additional considerations for more 
severe and frequent flood impacts due to climate change. 

Require privately developed or managed local road 
systems to account for existing flood hazards and future 
vulnerability. Planners should ensure that privately devel-
oped or managed road systems consider the potential im-
pacts of more frequent and severe flooding in their siting, 
design, and construction. The primary consideration for road 
networks in the event of flooding is ensuring adequate mobil-
ity, ingress, and egress for residents and emergency services. 
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NEW YORK CITY’S CLIMATE RESILIENCY DESIGN GUIDELINES

New York City is an outlier with regard 
to the climate change and sea level rise 
challenges it faces. The city’s recently re-
vised Federal Emergency Management 
Agency (FEMA) flood zones are home to 
approximately 400,000 residents, tens of 
thousands of buildings, and thousands 
of infrastructure assets and systems. Ac-
counting for sea level rise increases the 
total exposure of residents, buildings, 
and infrastructure significantly. 

The surge from Hurricane Sandy, 
which far exceeded the boundaries 
of the city’s previous flood zones and 
caused widespread loss of life and bil-
lions of dollars in property loss, illustrates 
the emerging risks posed by not only sea 
level rise (nearly one foot since 1900) but 
also more powerful and frequent coastal 
storms. Even before Hurricane Sandy, the 
city has aggressively sought to develop a 
strategy for dealing with risks posed by 
climate change. 

In 2008, then-Mayor Michael 
Bloomberg convened the New York City 
Panel on Climate Change (NPCC) as part 
of PlaNYC, the city’s long-term strategic 
planning and visioning effort intended 
to guide future decision making. That 
panel has produced a series of reports 
aimed at updating its original findings, 
the most recent of which appeared in 
the Annals of the New York Academy of 
Sciences (NPCC 2019). 

The 2015 NPCC report included rec-
ommendations for a climate resiliency 
indicators and monitoring system for the 
New York metropolitan area. It used infor-
mation from global climate models and 
regional sources to generate projections 
of changes in annual average tempera-
tures and sea level rise through 2100. 

The 2015 report provides consider-
able detail—and cause for concern—re-
lated to growing areas of the city subject 

to potential flooding. It noted an expan-
sion from 33 square miles to 50 square 
miles of the one percent annual chance 
floodplain from the 1983 Flood Insur-
ance Rate Map (FIRM) to the 2013 FIRM. 
The report outlined even larger vulner-

able areas projected by the middle and 
end of the 21st century. By 2100, the 
FEMA one percent annual chance flood 
map was projected to cover 91 square 
miles, and the 0.2 percent annual chance 
map 99 square miles. 

Figure 6.1. This hypothetical generator project is designed to the existing design flood elevation and has the 

potential to be elevated even higher in the future (NYC Mayor’s Office of Recovery and Resiliency)
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With much of New York’s public in-
frastructure either on the waterfront or 
within these flood-prone areas, design 
guidelines for climate resiliency take on a 
distinct urgency. The city and other pub-
lic entities control substantial elements of 
infrastructure, including transportation, 
water, and wastewater systems, as well as 
public schools and colleges. All 14 of the 
city’s wastewater treatment plants, for ex-
ample, are within the 100-year flood zone. 

The city’s infrastructure design 
guidelines, updated in March 2019, out-
line resiliency guidelines for critical infra-
structure systems to extreme heat, more 
severe and frequent precipitation, and 
sea level rise. The guidelines are based on 
an “adaptation pathways” model to man-
age uncertainty in the design process. 
This model is similar to the observational 
method discussed in this chapter, which 
selects a single climate scenario baseline 
for project design but allows for modifi-
cation based on observed impacts. 

The selection below from the city's 
design guidelines for sea level rise fol-
lows an earlier risk assessment stage that 
includes identifying impacts due to tidal 
inundation, existing flood hazards, and 
future hazards due to rises in sea level.

  For all projects at risk of current or 
future flooding, select design interventions 
that meet the project’s sea level rise adjust-
ed DFE [design flood elevation]. Consider 
project-specific factors, including the site lo-
cation, criticality, operational requirements, 
existing continuity planning, and cost. A 
Design Strategies Checklist in Appendix 4 is 
available for use as a resource to track pos-
sible design approaches. Some examples of 
design alternatives are: 

• For site relocations, conduct alternative 
site analysis where feasible. 

• Permanent barriers at a site (e.g., flood 
walls). 

• Deployable flood barriers (e.g., stop logs, 
flood doors/gates, inflatable barriers). 

• Natural systems-based approaches (e.g., 
living shorelines, restored wetlands).

• Prioritized protection of electrical, me-
chanical, and other critical or costly-
to-replace equipment above the DFE 
(e.g., motors and controller, boilers and 
furnaces, fuel storage tanks, duct work, 
alarm systems, suppression equipment, 
electrical panels, electrical distribution, 
switching areas, gas and electric me-
ters, telecommunications equipment, 
chemical feed equipment, HVAC units, 
and emergency generators).

• For dry floodproofing, design a facility 
to prevent water from entering. 

• For wet floodproofing, design a facility 
to permit floodwaters to flow in and 
out of the structure without causing 
significant damage (e.g., elevate or 
protect critical equipment, use water-
resistant building materials below the 
design flood elevation, include flood 
vents and pumps). 

• Design redundant telecommunications 
conduit entrances for multiple carrier 
entry. Telecom conduit should run to di-
verse manholes when possible. 

• Install backup power for telecom equip-
ment with resilient design consider-
ations (e.g., installation above the DFE). 

• Install outdoor-rated disconnect switch 
for telecommunications equipment on 
the roof. 

• Explore interventions to protect under-
ground utilities and other telecommu-
nications facilities from water damage. 

• Install backflow preventers, backwater 
valves, and sump pumps for all build-
ings and infrastructure in the floodplain, 
as well as behind flood barriers. 

• Shoreline improvements that reduce 
the height of waves or attenuate waves 
where feasible.

New York City’s Climate Resiliency 
Design Guidelines are available at www1 
.nyc.gov/assets/orr/pdf/NYC_Climate_
Resiliency_Design_Guidelines_v3-0.pdf. 

https://www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_Guidelines_v3-0.pdf
https://www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_Guidelines_v3-0.pdf
https://www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_Guidelines_v3-0.pdf
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Bridges and culverts are generally required by state depart-
ments of transportation to be designed to account for 10- or 
50-year storms. Roadway standards in subdivisions often al-
low for up to six inches of flood water (Schwab et al. 2016). 

Given the likelihood of more severe and frequent flood-
ing due to climate change, planners should take steps to sig-
nificantly strengthen private road design standards. This may 
include updating bridge and culvert standards to account for 
flooding in excess of 100-year storm events and requiring 
roads to be elevated above the base flood elevation. Munici-
palities should ensure that private developers have access to 
the necessary data or maps used by the municipality to deter-
mine future flood risk. 

Require developers to identify stormwater and flood 
protection infrastructure maintenance needs and costs 
and to account for more severe or frequent flooding. As 
a condition for approval of development plans, developers 
should be required to submit information on stormwater and 
flood protection infrastructure maintenance needs and long-
term costs accounting for more frequent and severe flood im-
pacts. Municipalities should ensure that developers have ac-
cess to data and maps on potential flood heights and impacts 
in order to make informed determinations. 

Require local government maintenance of stormwater 
and flood protection infrastructure. Many homeowners as-
sociations struggle to maintain locally managed stormwater 
or flood protection infrastructure (Schwab et al. 2016). Com-
munities should consider requiring developers to turn over to 
local government the ownership or maintenance responsibili-
ties of critical stormwater or flood protection infrastructure. 

In the event that full ownership is not transferred to the 
local government, long-term maintenance costs established 
as a condition for approval of the development plan should 
be factored into any maintenance agreements between the 
homeowners association and the municipality. These agree-
ments should be updated over time to account for more fre-
quent maintenance needs due to flood impacts. 

Create incentives for conservation easements in flood-
prone areas to preserve or bolster natural infrastructure. 
Planners should consider density bonuses or related incen-
tives in exchange for conservation easements to preserve crit-
ical natural flood protection infrastructure. Planners should 
work with developers through the plan review process to pre-
serve natural drainage features and to reallocate density in 
less vulnerable areas within a subdivision. 

STRATEGIES FOR ADOPTING INFRASTRUCTURE 
RESILIENCY GUIDELINES AND REGULATIONS

Pursuing the adoption of infrastructure resiliency standards 
and guidelines and realizing a regulatory framework for nat-
ural and private infrastructure will require the collaboration 
of local partners, agencies, and staff across local government. 
It will also require buy-in from stakeholders and residents 
and clear connections to the goals and objectives outlined 
in local plans. 

The following are some strategies planners and allied 
professionals can pursue to hasten the adoption of infrastruc-
ture resiliency standards, guidelines, and regulations. 

Engage with other local agencies. The need for col-
laboration with other local agencies on issues related to in-
frastructure is a recurring theme of this report. Developing 
standards and guidelines for infrastructure resilience will 
require the active participation of agencies that own, man-
age, or maintain infrastructure; input from local policy and 
decision makers; and clear connections with the goals and 
objectives identified in local plans. 

As no broadly accepted standards or guidelines exist 
outlining siting and design considerations for infrastructure 
at risk of more frequent and severe flooding due to climate 
change, communities must rely upon local knowledge and 
expertise. This will require significant cross-departmental 
collaboration. As generalists, planners can play a crucial co-
ordinating role by working across local silos, organizing and 
facilitating interdepartmental meetings and committees, and 
working to ensure that resiliency standards are aligned with 
long-term local goals and objectives. 

Communicate with the public. Effective and equitable 
communication with the public is crucial to the adoption of in-
frastructure standards, guidelines, and regulations. Planners 
should perform due diligence to attract a variety of stakehold-
ers to provide input on proposed actions, improve the poten-
tial for public buy-in, and enhance the public’s understanding 
of the role of infrastructure resiliency standards, guidelines, 
and regulations in long-term community well-being. 

Planners should consider a variety of methods to solicit 
input, including social media, traditional media, direct mail, 
public hearings, open houses, design charrettes, and commu-
nity workshops. Ensure that public events include those in-
volved in designing infrastructure (planners, engineers, devel-
opers) and those who use services provided by infrastructure 
(residents, visitors, businesses). In communicating with the 
public, planners should be transparent, use direct language, 
and be willing to follow up if information is not available.
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Ensure that standards, guidelines, and regulations do 
not pose insurmountable burdens. Planners should aim to 
provide opportunities for communities to evaluate propos-
als and outline barriers to adopting, administering, or en-
forcing regulatory measures at the local level. They should 
try to address concerns or limitations to successful imple-
mentation early in the process, and work to remove any sys-
tematic barriers that exist by providing technical assistance 
whenever possible. 

Planners should be transparent about how any stan-
dards, regulations, or guidelines impact initial investment 
costs, maintenance costs, and function over time. Many 
stricter standards increase upfront investment costs but 
decrease other costs across a project’s useful life. Helping 
explain the cost effectiveness, potential savings, payback, 
or ability to withstand greater future impacts can pay sig-
nificant dividends on gaining approval for new standards, 
guidelines, and regulations. 

Ensure proper regulatory authority. Depending on 
state, county, or local government structure, local decision 
makers must determine the appropriate statutory or regula-
tory authority to enact regulations, standards, and guidelines. 
While infrastructure standards or guidelines may be imple-
mented at the departmental level, regulatory approaches will 
require passage by the city council or other relevant body of 
elected officials. Further, not all approaches can be enacted 
locally. Therefore, planners should play a major role in advo-
cating for action at the state and federal levels. 

The lack of well-established infrastructure resiliency 
standards and the burdens of relying entirely on local regu-
lations strain the capacity of communities to plan for climate 
change impacts. Planners should advocate for state and fed-
eral agencies and elected officials to provide clear guidance 
on establishing local standards, guidelines, and regulations. 

CONCLUSION

Infrastructure resiliency standards are still an emerging area 
of study. The resources available for communities wishing to 
establish standards and guidelines for local infrastructure that 
account for future flood impacts due to climate change are 
limited. Nevertheless, planners are crucial to advancing the 
development of local standards, guidelines, and regulations. 

By building on the critical steps of vulnerability assess-
ment, planning, project prioritization, and project selection 
through the capital improvement plan, planners can establish 
a strong foundation for developing local standards and guide-

lines that account for future flood risk factors. This foundation 
will be critical as communities seek to fund infrastructure 
projects that are resilient to future flood impacts. 



CHAPTER 7
INFRASTRUCTURE 
FINANCE AND 
RESILIENCE
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CHAPTER 7
INFRASTRUCTURE 
FINANCE AND 
RESILIENCE

Infrastructure and capital needs already strain municipal budgets. Adapting infrastructure to be more resilient through 
elevation, hardening, relocation, or other means can add to these upfront costs, but is also likely to pay dividends over the 
long term. 

While taking the long view is a worthy goal, it is under-
standably a hard sell for communities struggling to pay for 
more immediate infrastructure needs. Planners, therefore, 
can play a crucial role in ensuring that local finance officials, 
elected officials, and the communities they serve are consid-
ering long-term flood risk and climate change impacts when 
seeking to invest in infrastructure. 

Planners provide a critical linkage between visioning, 
plan development, and ultimately plan and project imple-
mentation. Given their potential relationships with funding 
agencies and their on-the-ground knowledge of flood hazards 
and how future flood risk may impact local infrastructure 
and the community, planners can help to identify funding 
sources, inform funding requests, and help build support for 
long-term infrastructure resilience and adaptation. However, 
basic understanding of local municipal finance as it relates to 
capital and infrastructure planning is crucial. 

This chapter takes a comprehensive view of financing 
infrastructure that is resilient to future flood hazards and 
climate risks. It begins with an evaluation of the state of in-
frastructure finance as currently practiced in communities 
today. This includes discussions of how infrastructure plan-
ning interacts with the capital budget and the various mecha-
nisms that communities use to fund and finance local capital 
projects and infrastructure. 

The next section will discuss the existing funding streams 
that are typically dedicated to flood hazard mitigation in 
communities, with a particular focus on both post-disaster 
congressional appropriations and Federal Emergency Man-
agement Agency (FEMA) pre- and post-disaster flood mitiga-
tion funding. This section will also discuss emerging financial 
tools that are specifically tailored to the long-term resilience 
of local infrastructure to climate change and its impacts. 

Finally, the chapter explains why planners should be 
knowledgeable about infrastructure finance, the benefits of 
involving finance officials in the planning process, and how 
both can contribute to the implementation of infrastructure 
that is resilient to flood impacts and future climate risks. 

CAPITAL BUDGETING AND  
INFRASTRUCTURE FINANCE

Whether a municipality uses a capital improvement plan 
(CIP) or a more distributed method of infrastructure plan-
ning, both relate directly to the capital budgeting process. 
Unlike the CIP, the capital budget is a legal document, adopt-
ed and approved by local elected officials on an annual basis. 

The capital budget links the multiyear nature of a CIP 
or infrastructure development plan with the annual budget-
ing process of a municipality. In practice, this means that the 
capital budget tends to contain a description of the project, 
a summary narrative, funding sources, charts or relevant 
graphics, and most importantly the approved revenues and 
expenditures for one year of a funded project. As this budget 
must be approved by the local elected body, the capital bud-
get is the official local authorization of a given infrastructure 
project (Elmer and Leigland 2014).

While the broad strokes of the capital budgeting pro-
cess apply to communities across the country, there is a 
wide spectrum of complexity (Elmer and Leigland 2014). 
This spectrum, from least to most complex, includes the 
following:

• Low-debt, project-specific capital financing
• Basic debt and multiyear capital project planning
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• Strategic capital planning and special budget procedures
• Interjurisdictional coordination for capital facilities 

planning

Generally, these various types of capital budgeting pro-
cedures vary according to jurisdictional size and capacity. 
Many smaller, understaffed, or underresourced communi-
ties tend to lack more robust means of infrastructure priori-
tization, long-term asset management, and access to larger 
sources of financing. This has important implications for 
resilient infrastructure planning and financing. For those 
communities that already struggle to coordinate land-use 
and comprehensive planning with their infrastructure devel-
opment processes, planning for flood resilient and adaptive 
infrastructure will add an additional layer of complexity. 

Communities further along the spectrum may have ac-
cess to more sophisticated means for prioritizing and moni-
toring infrastructure projects and maintenance needs. They 
may also have the additional staff capacity and expertise to 
manage and plan for capital assets. Further, they may en-
joy more access to project financing mechanisms. However, 
these communities may also face greater complexities of 
infrastructure planning within more dynamic and interre-
lated environments, along with substantial burdens of aging 
infrastructure and ongoing maintenance. In short, the com-
plex nature of capital budgeting and infrastructure finance 
is a challenge across the spectrum of community types and 
municipal governance. 

The following sections outline the primary means by 
which local governments currently pay for infrastructure. 

Bonds
Capital infrastructure is expensive, and cities are often un-
able to pay for new infrastructure or significant upgrades 
out of pocket. Instead, most local infrastructure is paid for 
through the issuance of bonds (Elmer and Leigland 2014). 

Bonds are loans between a borrower, who needs money, 
and a lender, who has money. If a city decides to upgrade its 
aging stormwater system but does not have the cash to pay 
for it, it may decide to issue a bond. An investor (a bank, mu-
tual fund, insurance fund, individual, or some combination 
of these groups) provides the money for the stormwater up-
grade project, and the issuer/borrower (the city) pays the in-
vestor back over time with interest. The money to pay off the 
bond tends to come from tax revenue or, increasingly, special 
assessments and user fees. 

Municipal bonds are attractive to investors for two pri-
mary reasons. First, the interest earned is exempt from fed-

eral (and sometimes state and local) income taxes. Second, 
since the Great Depression, local governments have had 
a very good track record of paying back their loans (Elmer 
and Leigland 2014). The low risk of default makes municipal 
bonds a secure and reliable investment for lenders. Bonds are 
likewise attractive to cities, special districts, and authorities 
that manage and maintain infrastructure because they allow 
for predictable budgeting and the ability to pay for necessary 
capital and infrastructure projects or improvements over a 
period of years or decades. 

As cities began to implement spending caps to limit local 
tax increases, new methods for paying off municipal bonds 
emerged in the form of user fees and special assessments. To-
day, the market is dominated by these two general categories: 
general obligation (GO) bonds, which are backed by local 
taxes, and revenue bonds, which are backed by fees. 

GO bonds are backed by the established credit and taxing 
authority of the local government. Therefore, they have relative-
ly low interest rates and are highly secure (Elmer and Leigland 
2014). However, a variety of limitations on the ability of local 
governments to issue GO bonds (restrictions on GO bond debt 
or interest rates) has reduced their popularity in recent years. 
Voter referenda, sometimes requiring the approval of two-
thirds of local voters, have also taken a toll on GO bond issu-
ance and the willingness of local governments to pursue them. 

Revenue bonds have emerged as one of the primary fi-
nancial instruments for local governments, special districts, 
and other local taxing authorities to finance infrastructure. 
Revenue bonds rely upon nontax revenue, often in the form 
of user fees or special assessments, to pay down loans. As 
with GO bonds, interest on revenue bonds is tax exempt. 
However, since repayment is based upon more limited (and 
potentially more variable) sources of funding, interest rates 
are often higher (Elmer and Leigland 2014). Nonetheless, 
revenue bonds have grown in popularity. As a mainstay of 
local infrastructure finance, revenue bonds are of particular 
value for those sectors in coastal communities where adapta-
tion to flood hazards and long-term climate change may be 
a particular priority. 

Two subcategories of revenue bonds have proven to be 
popular for infrastructure that will primarily serve a specific 
geography within a municipality. 

Special assessment districts are predefined areas in-
side which property owners pay an additional fee to finance 
some local improvement. Approval is generally required by 
a majority of property owners within this area. Special as-
sessments are a popular means to finance local stormwater 
improvements (Elmer and Leigland 2014). 
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Tax increment finance (TIF) is a popular tool for munic-
ipalities who wish to incentivize local redevelopment. Within 
a TIF district, a developer pays traditional real estate taxes 
only on the predevelopment value of the property. The differ-
ence (or increment) between the predevelopment value and 
the postdevelopment value is a dedicated funding stream, 
paid by the developer or owner, to pay down the bond debt 
(Provus 2004). 

These tools are well established in local planning and 
finance, and they have the potential to be leaned upon as 
more flexible alternatives to traditional general obligation 
bond-financed infrastructure. Special assessment and TIF 
districts tend to feature heavily in local plans as finance tools 
of choice, especially as communities increasingly seek alter-
native means to incentivize development and target specific 
infrastructure needs in specific areas without increasing the 
overall burden of taxation across the entire community. 

Development Impact Fees
Along with the trend toward user fees, assessments, and spe-
cial districts, development impact fees have also emerged as 
a popular means of paying for and maintaining local capital 
infrastructure. 

When new development is built, new infrastructure is 
often needed to serve it. Previously, the burden of paying for 
that new infrastructure fell upon the whole of the munici-
pality. Over the last several decades, that burden has instead 
shifted to the new development itself and the developers who 
build it. Agreement to pay impact fees is generally a condition 
of approval for the project by the city. 

There are four types of development impact fees:
 

• In-lieu fees are direct payments by the developer to the 
municipality or district to pay for some infrastructure im-
provement. These payments are “in lieu” of land dedica-
tion that would otherwise have been used to site the neces-
sary infrastructure.

• Linkage fees are often used in the case of commercial or 
industrial development to accommodate secondary im-
pacts. These are primarily used to ensure adequate hous-
ing, child care, or other related services accessible in the 
area in which people are expected to work. 

• Mitigation fees are used to pay for the cost of mitigating 
environmental impacts under the National Environmen-
tal Policy Act and other environmental regulations.

• Connection fees are paid by the developer and are ex-
pressly dedicated to the cost of necessary utility upgrades 
that will allow new buildings to connect to the larger net-

work of water, sewer, and related utility services (Elmer 
and Leigland 2014). 

In communities experiencing significant growth 
through new subdivision development, development impact 
fees can help to defray, reduce, or eliminate the direct costs 
to the municipality of constructing and maintaining neces-
sary infrastructure. In-lieu, mitigation, and connection fees 
can be especially useful in the case of reducing long-term 
flood risk. Infrastructure such as on-site flood retention, con-
nections to stormwater and wastewater networks, riparian 
and floodplain buffers, and natural infrastructure all can be 
funded through these development impact fee types. 

Pay As You Go
Pay as you go refers to relying on existing funding sources to 
finance capital infrastructure (Marlowe 2013). This method 
does not depend upon the issuance of debt that will be paid 
back, but instead requires communities to pay out of pocket 
to fund local infrastructure. 

Local property taxes represent the largest source of rev-
enue that local governments use to directly fund local in-
frastructure through pay as you go. Similar to their use as 
methods for paying down bond debt, user fees and special as-
sessments are also a popular and growing source of funding. 

Pay as you go can be contentious for municipalities, as 
the money to pay outright for new infrastructure needs to 
be saved over time. Absent tax increases, this will need to be 
pulled from unspent budget lines and often from agencies 
conditioned to using their entire budget annually. 

Privatization and Infrastructure Finance
The influence of the private sector in infrastructure finance, 
development, and maintenance has grown over the last four 
decades. This trend has been especially pronounced in areas 
experiencing rapid growth (Elmer and Leigland 2014). Lo-
cal governments, faced with growing populations, booming 
housing markets, and increasing demand, are turning to the 
private sector to build and operate new infrastructure. Bud-
get deficits and labor costs have also driven many communi-
ties to consider full or partial infrastructure privatization. 

The core of the appeal lies in both initial and long-term 
costs and responsibility. While the ultimate cost of new in-
frastructure development lies with the municipality, the po-
tential for faster construction at an overall lower price tag has 
proven to be attractive. 
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FINANCING RESILIENCE: CURRENT PRACTICE 
AND EMERGING TRENDS

Federal funding for hazards-related infrastructure develop-
ment has generally (though not exclusively) been limited to 
the post-disaster context. Initially, this funding is made avail-
able by the federal government through a congressional act 
and allotted to a variety of federal agencies, departments, and 
administrations. 

This money can be dedicated to a wide array of purposes 
and streams. Initial direct response actions by a variety of 
agencies, local relief to impacted residents and businesses, 
structural repair of federal assets, repair of waterways under 
U.S. Army Corps of Engineers jurisdiction, and funding for 
Community Development Block Grants are among the many 
pathways for post-disaster federal funding. 

Only a portion of the total funding outlay is eventually 
made available to states and localities via grants. Of that pool, 
a still smaller subset may concern grants to pay for (or to help 
defray the cost of) infrastructure repair, development, and 
maintenance. However, these congressional outlays are not 
the only source of federal mitigation grants and infrastruc-
ture funding. There are a variety of new funding mechanisms, 
both through the federal government and from the private 
sector, that are specifically intended for both near-term flood 
mitigation and long-term resilience to future flood hazards. 

FEMA Pre- and Post-Disaster  
Hazard Mitigation Assistance
FEMA’s Hazard Mitigation Assistance (HMA) grant pro-
grams are major sources of federal grants for funding local 
mitigation projects, plans, and activities. The three programs 
are the Hazard Mitigation Grant Program, the Pre-Disaster 
Mitigation Grant Program, and the Flood Mitigation Assis-
tance Grant Program (Figure 7.1). 

Hazard Mitigation Grant Program
Since it began in 1989, the Hazard Mitigation Grant Pro-
gram (HMGP) has made available nearly $14 billion in 
grants to states, federally recognized tribes, U.S. territories, 
local governments, residents, nonprofits, and businesses 
(FEMA 2019c). 

The HMGP is a post-disaster funding mechanism and 
requires a Presidential Major Disaster Declaration (FEMA 
2019c). Funding for local governments, residents, businesses, 
and nonprofits is routed through the states, which are respon-
sible for selecting local mitigation projects from the pools of 
applicants and administering the programs locally (Figure 
7.2, p. 99). Only states, territories, and federally recognized 
tribes can apply directly to FEMA for funding through the 
HMGP. Local governments, which must have or be included 
within an adopted, FEMA-approved local hazard mitigation 
plan, must apply through their state, tribe, or territory. 

Figure 7.1. FEMA’s Hazard Mitigation Assistance comprises the Hazard Mitigation Grant Program, Pre-Disaster Mitigation, and Flood Mitigation Assistance (FEMA)
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FEMA outlines six general standards for HMGP-funded 
projects (FEMA 2019c):

• Supports risk reduction activities
• Improves resiliency
• Eliminates the impacts of future events
• Provides a long-term solution to a problem
• Offers a cost-effective solution
• Helps avoid repetitive damage from disasters 

Many of the potential mitigation projects covered un-
der this program are related to residential natural hazards 
mitigation. This includes acquisition, demolition, reloca-
tion, reconstruction, or elevation of homes; wind, wildfire, or 
earthquake-related structural retrofits of residences; and the 
dry-floodproofing of historic buildings. However, the HMGP 
can also fund local mitigation of flood and drought condi-
tions via infrastructure development and adaptation. Quali-
fying projects include flood storage, green infrastructure, 
floodplain restoration, and similar infrastructure projects. 
HMGP funds for these projects can provide up to 75 percent 
of the total cost. For local infrastructure projects that receive 
HMGP funding, the municipality or local entity is required 

Figure 7.2. FEMA’s 

Hazard Mitigation 

Grant Program process 

(FEMA)

to make up the remaining amount through cash payments, 
loans, or other grants. 

After the initial shock and disruption of a natural di-
saster fades, municipal governments with well-established 
and clear infrastructure priorities may be positioned to seek 
HMGP funds. Similarly, HMGP funding can be vital to help 
realize resilience-oriented wish-list infrastructure projects 
that had been too expensive to previously consider. 

However, while the intent of the HGMP is to fund proj-
ects and actions that reduce long-term risk (and cost), these 
funds are only available after the declaration of a natural di-
saster. FEMA’s Pre-Disaster Mitigation Grant Program can 
help to fill the gap and allow communities to preemptively 
address mitigation and adaptation needs.

Pre-Disaster Mitigation
The stated goal of the FEMA Pre-Disaster Mitigation Grant 
Program (PDM) is to “reduce overall risk to the population 
and structures from future hazard events, while also reduc-
ing reliance on Federal funding in future natural disasters” 
(FEMA 2019d). 

Much like the other HMA programs, states, tribal gov-
ernments, and territories apply for the funding, with local 
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governments contributing as subapplicants. Local govern-
ments must have or be included within an approved local 
hazard mitigation plan and must ensure their proposed proj-
ects are consistent with state and local mitigation goals. 

Availability of funding has increased considerably since 
the program began in 2015 with an initial outlay of $25 mil-
lion. In fiscal year 2018, $235 million was made available 
through the program, which more than doubled the amount 
available in 2017 and 2016 (FEMA 2018b). 

In 2018, for the first time in the program’s history, FEMA 
established a dedicated funding line for “resilient infrastruc-
ture.” The program is funding capital infrastructure projects 
that “reduce risks, prevent loss of life, and lead to significant 
savings by reducing damage from natural disasters and low-
ering NFIP [National Flood Insurance Program] premiums” 
by providing up to $10 million per project, with a maximum 
federal cost share of 75 percent (FEMA 2018b). This is far 
in excess of the $4 million available for mitigation projects 
through the PDM and is intended to supplement the fund-
ing already available for those projects in the post-disaster-
focused HMGP (FEMA 2015a). 

Flood Mitigation Assistance
The Flood Mitigation Assistance Grant Program (FMA) is 
the third element in FEMA’s Hazard Mitigation Assistance 
program series. The FMA is intended to provide funding for 
projects and planning that mitigate (and eliminate) long-term 
flood risk to structures insured by the National Flood Insur-
ance Program (NFIP) (FEMA 2019b). As with the HMGP 
and the PDM, adoption of an approved local hazard mitiga-
tion plan is a condition of receiving funding under the FMA. 

In 2018, Congress appropriated $160 million for the 
FMA. While the bulk of this funding is intended for direct 
mitigation of flood risk for structures (primarily homes) cov-
ered by the NFIP, $70 million is also allocated for “projects 
addressing flooding on a community level” (FEMA 2018a). 

Many homes with long histories of NFIP claims and se-
vere flood-related structural damage are often dealt with on 
an individual basis. This results in a cycle of flood damage, 
NFIP claims, and structural repair, which reoccurs with the 
next flood event when the home is again impacted. This new 
approach, first utilized by FEMA as part of the 2017 FMA 
program, is primarily due to increasing demand on the part 
of municipalities for infrastructure-based methods to adapt 
to flood conditions and mitigate risk comprehensively, rather 
than at the scale of individual structures. It is intended to bet-
ter address the problem of areas with substantial numbers of 
these repetitive loss properties (FEMA 2018a). 

This approach is further split into two general focus ar-
eas: Advance Assistance and Community Flood Mitigation 
Projects (FEMA 2019b). Advance Assistance is meant to fund 
local strategies and data gathering to prioritize and develop 
community-wide flood mitigation projects. This assistance 
can be vital to improving both the processes and methods by 
which communities select and rate potential flood-mitigating 
infrastructure projects for funding as well as the quality and 
quantity of data that can be used as part of these prioritiza-
tion efforts. It can also be vital in securing funding for the 
second focus area, Community Flood Mitigation Projects, 
which funds flood mitigation projects directly. 

Other Federal Programs for Infrastructure  
Funding and Technical Assistance
While FEMA may be the most obvious source of federal 
funding for infrastructure projects related to flood hazard 
mitigation, there are other federal sources that offer grant 
funding and technical assistance. Some of these include the 
following:

• Department of Housing and Urban Development funding 
through the Community Development Block Grant pro-
gram can be a significant source of funding for flood re-
silient infrastructure development or adaptation, though 
this can be somewhat limited to post-disaster Congressio-
nal appropriations. 

• The National Oceanic and Atmospheric Administration’s 
(NOAA) Regional Coastal Resilience Grants Program 
provides funding for coastal infrastructure and ecosystem 
adaptation and technical assistance (NOAA 2019). 

• The U.S. Environmental Protection Agency’s (EPA) Wa-
ter Infrastructure and Resiliency Finance Center provides 
technical assistance and guidance for communities on 
seeking out funding for drinking water, wastewater, and 
green infrastructure (U.S. EPA 2019). This program offers 
webinars, fact sheets, networking resources, and guidance 
on available funding sources and strategies for develop-
ing requests for proposals or grant applications for water 
infrastructure. 

These are far from the only sources of federal funding 
and technical assistance for flood-resilient infrastructure. 
Planners should play an active role in partnering with local 
finance officials to search for and catalog potential federal 
funding sources, and they can actively assist in the devel-
opment of grant applications to meet local infrastructure 
resilience needs. 
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Private-Sector Approaches for Financing  
Flood-Resilient Infrastructure
While FEMA has increasingly sought to incentivize pre-
disaster community-wide infrastructure interventions that 
reduce long-term flood risk in coastal communities, the vast 
majority of federal funding for infrastructure adaptation and 
long-term mitigation only becomes available after a disaster. 
Absent local means to pay for adapting infrastructure to the 
twin threats of near-term flooding and long-term climate 
change, municipalities would ordinarily have to either com-
pete for limited (though increasing) pre-disaster funds or wait 
for a damaging flood, the subsequent congressional funding 
appropriations, and the availability of grants through myriad 
federal and state agencies. 

However, the private sector is attempting to fill this 
funding gap through a variety of new financing mecha-
nisms intended for both near- and long-term infrastructure 
adaptation to flood risk and climate change. These mecha-
nisms—green bonds, catastrophe bonds, resilience bonds, 
and environmental impact bonds—build upon existing 
structures of municipal finance, but differ in their utility 
to local governments, focus areas, and overall maturity and 
acceptance in both the private and public sectors. However, 
all can be considered emerging means through which com-
munities can bridge infrastructure finance, flood hazards, 
and climate adaptation. 

Green Bonds
Green bonds are a category of bond that is intended to tap 
the private market to finance projects and infrastructure (ei-
ther public or private) with positive environmental benefits. 
Green bonds are expected to have a positive monetary return 
for investors and to achieve positive environmental outcomes 
according to a predetermined set of standards (ICMA 2018). 

Between 2015 and 2018 the size of the green bond market 
more than quadrupled, from $42 billion to $180 billion (Pan-
erai and Guidice 2016; BusinessGreen 2018). Issuers of green 
bonds are primarily nations and large corporations, though 
the share of cities and other forms of municipal government 
is increasing. Green bonds issued by a municipality are simi-
lar to other types of municipal bonds and require repayment 
via dedicated tax revenues or special fees and assessments 
(Colgan, Beck, and Narayan 2017). 

Historically, projects focused more generally on sustain-
ability, renewable energy, pollution reduction, and transpor-
tation innovations have dominated the green bond market. 
The climate-related outcomes of these projects are broadly 
aligned with (though not exclusive to) reducing greenhouse 

gas emissions, rather than adapting to ongoing and future 
impacts of a changing climate. However, climate adaptation, 
especially where adaptation overlaps with conservation and 
the development of natural and green infrastructure, is also 
an acceptable “green project” (ICMA 2018). 

Since 2016, there have also been some significant shifts 
toward better integrating climate adaptation infrastructure 
projects into the larger green bond market. The Climate 
Bonds Initiative, an organization that helps to certify green 
bonds, is working to develop a set of standards for green 
bonds dedicated to water infrastructure specifically, and 
adaptation and resilience generally. Water infrastructure 
projects that consider mitigation, adaptation, and long-term 
resilience are eligible for these bonds (Climate Bonds Initia-
tive Water Consortium 2018). As of April 2018, five green 
bonds adhering to the criteria had been issued. Of these, four 
bonds totaling over $1 billion were issued by the San Fran-
cisco Public Utilities Commission to fund stormwater and 
wastewater management infrastructure projects (Climate 
Bonds Initiative n.d.b). 

Similar to the water climate bonds initiative, in Novem-
ber 2018 the Climate Bond Initiative launched a working 
group to begin developing criteria for bonds focused specifi-
cally on long-term adaptation and resilience, though initial 
draft findings have not yet been released (Climate Bond Ini-
tiative n.d.a). 

Environmental Impact Bonds
Environmental impact bonds (EIBs) are an emerging type of 
bond that seeks to tie positive environmental and flood resil-
ience outcomes to greater financial returns for investors. De-
veloped by Quantified Ventures in 2016 and first piloted with 
the District of Columbia Water and Sewer Authority (DC 
Water) as a private bond offering, EIBs are broadly similar 
to most other types of bonds that cities, agencies, or public 
authorities may use to finance infrastructure (Curley 2019). 
Cities issue a bond, investors provide the capital, and the city 
pays back the investors over time plus interest. EIBs differ, 
however, in both the types of infrastructure that they are in-
tended to finance and how risk is shared between investors 
and the city or issuing agency. 

EIBs are primarily intended to finance water infrastruc-
ture, green infrastructure, and natural infrastructure with 
some connection to flood resilience, climate adaptation, or 
water quality. Metrics tied to some positive outcome (e.g., re-
ductions in flooding, improvements in water quality, quan-
tity of runoff captured) are established at the outset of the 
agreement. Infrastructure projects that meet or exceed these 
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targets pay out a higher interest rate as a bonus to investors. 
Projects that fail to meet these targets pay a lower interest rate 
(Curley 2019). 

At first, this structure may seem counterintuitive. Proj-
ects that are successful require the municipality to pay more 
to investors, and projects that don’t meet their targets pay 
less. However, this incentivizes investors to finance projects 
that have clear metrics and positive environmental and flood 
resilience benefits. For cities, these incentives can make EIBs 
and the infrastructure they finance more attractive to inves-
tors. Though meeting or exceeding the targets comes with a 
higher price tag, it also likely provides long-term cost savings 
in the form of avoiding flood losses or reducing or eliminat-
ing the need for future adaptation actions. 

Since 2016, Atlanta, Washington, D.C., Baltimore, and 
Lafourche Parish, Louisiana, have each issued EIBs for a va-
riety of projects related to long-term flood resilience, coastal 
sea level rise adaptation, and green and natural infrastructure 
(Curley 2019; Quantified Ventures 2019). While DC Water’s 
initial pilot of EIBs was structured as a privately issued mu-
nicipal bond, Atlanta has helped to pilot the use of EIBs as 
a public offering at competitive rates (Kopelman Sitton Law 
Group 2019). This standardization of EIBs within the exist-
ing publicly offered municipal bond market could help to im-
prove access to funding for flood resilience, adaptation, and 
green infrastructure projects across the United States. 

Catastrophe Bonds 
Catastrophe bonds are complex financial instruments intend-
ed to insure municipalities, national and state governments, 
and private organizations against the losses and impacts of 
disasters. They can be described as an “instant insurance 
company created for one particular situation facing a well-
defined set of risks over a specific period” (Colgan, Beck, and 
Narayan 2017). 

A catastrophe bond might be issued by a municipality 
(though more regularly, an insurance company) to hedge 
against the impacts of a specific natural disaster that results 
in a particular scale of damage or volume of losses—for ex-
ample, a coastal flood causing $50 million in structural dam-
age. Funds from the investors who purchase the bond are 
held in an escrow account. Interest payments from the issuer 
(the municipality) are also held in escrow and function as an 
insurance premium. Should a disaster occur within the bond 
term that meets the established standards of disaster impact, 
the escrow account is liquidated, the municipality receives 
the money to recover from their losses, and the investors lose 
their investment. Should no disaster meeting the standard 

THE NEW YORK METROPOLITAN 
TRANSPORTATION AUTHORITY’S 
$200 MILLION CATASTROPHE 
BOND

In 2013, the New York State’s Metropolitan 
Transportation Authority (MTA) secured 
a $200 million catastrophe bond to 
provide for repair and replacement 
of infrastructure in the event of a 
major flooding event similar to that of 
Hurricane Sandy. The bond covered the 
three-year period from August 2013 to 
August 2016. Twenty investors financed 
the bond, which sat in an independent 
trust for the three-year term (Adaptation 
Clearinghouse 2013).

The terms specified that payout 
of the bond to the MTA could only be 
triggered by a storm surge event reaching 
or exceeding the surge experienced 
during Hurricane Sandy (2012) and 
Hurricane Donna (1960). To avoid 
confusion and conflict in determining 
whether a trigger event had taken 
place, the bond terms specified reliance 
upon NOAA and USGS tidal gauges in 
specific locations. In assessing the risk 
factors and establishing these terms, 
the MTA worked with an independent 
risk management organization to 
analyze flood models and outline the 
probabilities of such an event taking 
place (Adaptation Clearinghouse 2013). 

Ultimately, no storm surge event 
meeting the trigger took place. The 
investors were refunded their initial 
$200 million contribution, along with an 
additional $27 million in profit from MTA’s 
premiums collected over the three-year 
term (Adaptation Clearinghouse 2013). 
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occur within the bond term, the investors receive their money 
back plus interest (Spector 2015) (Figure 7.3). 

Catastrophe bonds are a rapidly growing market, with 
total issuance since 1997 growing from $785 million to nearly 
$14 billion in 2018. FEMA recently issued a $500 million ca-
tastrophe bond through the NFIP to cover losses to the NFIP 
from named coastal storms (Artemis n.d.). This transaction 
helps to highlight how catastrophe bonds have helped to open 
significant pools of private capital for both disaster recovery 
and resilient infrastructure development. The sidebar on p. 102 
describes an example of catastrophe bond use from New York. 

While catastrophe bonds are a way for communities and 
insurers to hedge against natural hazard risk by tapping pri-
vate capital to cover losses and enable redevelopment, they 
lack clear incentives for preventing, avoiding, or adapting to 
hazard and climate impacts in the first place. The post-disaster 
context of catastrophe bonds is inherently reactive to disrup-
tions that kill and displace people, damage and destroy homes 
and businesses, and strain local, state, and national resources. 
While helping to minimize financial impacts to a municipal-
ity or its insurer, these bonds can resemble a gamble. 

Technically, it is in the best interest of investors in catas-
trophe bonds to incentivize resilience in the municipality. This 
can reduce the upfront cost of the bond and reduce potential 
impacts below the preestablished standards. More resilient 
cities mean fewer impacts from natural hazards, and investors 
recoup their investment rather than losing it to payouts. 

However, there are few established mechanisms within 
the structure of catastrophe bonds to formalize the relation-

ship between resilient local improvements and the reduced 
potential for payouts. Resilience bonds (discussed below) are 
an unproven but emerging financial instrument that could 
formalize this connection and help fill the gap between the 
reactive nature of catastrophe bonds and pre-disaster adap-
tation finance.

Resilience Bonds
Resilient infrastructure design firm re:focus, together with 
partners in the financial industry and with support from 
the Rockefeller Foundation, developed the resilience bond 
model to incentivize risk reduction, climate adaptation, and 
pre-disaster infrastructure finance. Resilience bonds are 
envisioned as a variation on catastrophe bonds that links 
planned resilient infrastructure projects with reduced risk 
to investors. 

According to the resilience bond model, issuers of catas-
trophe bonds use a financial model to assess the impact of 
resilient infrastructure on the potential losses to investors. 
The resulting value is held as a rebate. The rebate is then dis-
tributed to the sponsor of the bond (likely the local govern-
ment, special district, or infrastructure authority) to fund 
those municipal adaptation and mitigation improvements 
that would reduce the odds of triggering a full catastrophe 
bond payout in the event of a disaster (Figure 7.4, p. 104). 

Reduced potential for hazard impacts means that inves-
tors in the bond are less likely to lose their investment. The 
benefit for municipalities is in their newly funded infrastruc-
ture and the reduced risk of impacts (re:focus 2017). The ul-

Figure 7.3. Catastro-

phe bond structure 

(re:focus)
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timate goal of the resilience bond model is to translate the as 
yet unmodeled savings and reduction in risk that a resilient 
infrastructure project can provide into a monetary value that 
the private market can fund. 

re:focus identified a number of potential use cases for 
the bond. The use of resilience bonds to finance coastal 
flood protection is high on the list. The monetary benefits 
of coastal flood protection are relatively easy to quantify, 
and engineering models that can assess the degree to which 
the flood protection will be effective are well established 
(re:focus 2017). 

The resilience bond model is generally more suitable for 
larger-scale infrastructure projects, for which the cost-benefit 
analyses already performed can help to inform the cost sav-
ings used to finance the project. Smaller-scale projects and 
projects with diffuse benefit that cannot be translated into a 
monetary value for investors, such as repairing or adapting a 
single school or fire station, are not currently well suited for 
this type of financing. As risk modeling improves, and the 
private market for funding adaptation and disaster-resilient 
infrastructure grows, this has the potential to change. 

While speculation continues to grow on the potential 
for resilience bonds and municipal infrastructure adaptation 
and risk reduction, the model is currently untested. 

THE PLANNER’S ROLE IN RESILIENT  
INFRASTRUCTURE FINANCE

Planning for infrastructure resilience to increasingly intense 
and frequent flood hazards should not be disconnected from 
financial considerations. Rather, planners who have a strong 
understanding of the costs of infrastructure adaptation, the ex-
isting local financial context, and potential funding options can 
help to ensure that implementation is ultimately carried out. 

In a post-disaster context, particularly when funding 
becomes available for infrastructure repair, adaptation, or 
replacement, the involvement of planners can be critical. 
Planners and planning departments with a comprehensive 
understanding of long-term infrastructure needs, future risk 
factors, and potential federal sources of funding can play a 
major role in identifying funding opportunities and contrib-
uting knowledgeably to an effective proposal. Additionally, 
relationships that planners and planning departments culti-
vate with major federal and state infrastructure agencies in 
the post-disaster response and recovery period can bear fruit 
later in the process when funding for infrastructure projects 
might be made available. 

Planners can also play a major role in the financing of in-
frastructure that is adaptable and resilient to future flood haz-

Figure 7.4. The proposed 

resilience bonds model, 

a spin on catastrophe 

bonds (re:focus)



105planning.org AMERICAN PLANNING ASSOCIATION

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 7

ards by working closely with local finance officials through 
the visioning, planning, and implementation process. The 
involvement of local finance officers in this process can help 
to ground the infrastructure recommendations flowing out 
of a comprehensive or climate adaptation plan in the realities 
of municipal finance (GFOA 2009). Additionally, finance of-
ficers can be critical in assessing the financial risks that future 
flood hazards might pose to critical infrastructure, they can 
help to develop effective cost-benefit analyses, and they can 
help to convey these long-term financial risks to local elected 
officials, policy makers, and funding agencies (GFOA 2009). 

In 2009, the Government Finance Officers Association 
(GFOA) released a set of recommendations outlining the im-
portance of local finance officers in the local planning process 
(GFOA 2009). The four specific recommendations are: 

• Master plans should provide a vision for capital project 
plans and investments. 

• Governments should make capital project investment de-
cisions that are aligned to their long-range master plans.

• The finance officer should play an active role in the early 
planning process.

• Financial factors should be considered as part of the devel-
opment of master plans.

By involving finance officials early and often in the plan-
ning process, planners can aid the integration of long-term 
local infrastructure needs with the necessary financial tools 
and considerations to make adaptation to climate change and 
increasing flood risk a reality. 

CONCLUSION

Ultimately, finding and securing funding to adapt or con-
struct infrastructure that is resilient to more frequent and se-
vere flooding is the most consequential action for communi-
ties. It represents the culmination of a process that has its roots 
in the earliest stages of vulnerability assessment and visioning. 

Though planners do not control municipal funds, knowl-
edge of the infrastructure finance process can help them to 
inform comprehensive planning efforts and implementation 
processes that feed directly into local decisions to fund and 
develop infrastructure. 

While this chapter has reviewed the main forms of finan-
cial sources, planners should also be on the lookout for other 
opportunities to integrate resilience into funding decisions, 
including requiring the incorporation of resilience consider-

ations in grant proposals. Planners may not have direct con-
trol over grant applications or requests for proposals at the lo-
cal level, but they can advocate for the inclusion of resiliency 
standards in these documents. 

By bringing to bear climate information, federal fund-
ing opportunities, and knowledge of emerging private-sector 
tools for infrastructure adaptation, planners can play a ma-
jor advisory role in helping to finance resilient infrastructure 
and fully realize local resiliency goals. 



CHAPTER 8
LOOKING AHEAD 



107planning.org AMERICAN PLANNING ASSOCIATION

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  C H A P T E R 8

Climate trends clearly point to flooding of increasing severity and frequency over the coming decades. For coastal commu-
nities, more powerful storms combined with the inevitability of sea level rise may constitute a threat to not just infrastructure, 
but to the existence of the community itself. Gradual inundation over several years in the form of encroaching higher tides, 
punctuated by storm surge impacts due to coastal storms, highlight these existential risks. 

For communities not on the coasts, the impacts may be 
no less significant, especially in communities already at risk 
of severe riverine or lake flooding. Across the United States, 
more frequent and intense flooding will tax the ability of 
infrastructure to serve local needs and strain the ability of 
municipalities to pay for maintenance, adaptation, and re-
placement. 

Beyond the direct impacts posed by future flooding to 
the long-term well-being of communities, climate change 
comes with a host of even greater uncertainties. Communi-
ties are more than just bordered municipal entities. They are 
part of dynamic and deeply interrelated political, economic, 
social, and environmental systems. Climate change will im-
pact these systems in unpredictable ways. Factors such as 
where people choose to live, the viability of businesses, the 
strength of local and regional economies, the health of envi-
ronments and ecosystems, and a host of other variables will 
be impacted by more intense and frequent flooding due to 
climate change. How infrastructure responds to or influences 
these variables is similarly uncertain, especially in light of di-
rect climate stresses on infrastructure itself. 

Planners, however, are particularly well suited for deal-
ing with these uncertainties. Planners’ strengths lie in un-
derstanding issues holistically, dealing with many poten-
tial long-term variables, building consensus, and working 
across disciplines and interest groups. This final chapter 
summarizes the principal roles that planners can play in 
building a culture of infrastructure resilience and discusses 
the challenges that climate change uncertainty poses to the 
practice of local planning. 

THE PLANNER’S ROLE IN  
INFRASTRUCTURE RESILIENCE

The items below summarize the roles of planners in plan-
ning for infrastructure that is resilient to the impacts of more 
frequent and intense flooding due to climate change. These 
items have been drawn from the many techniques, tactics, 
and strategies described throughout this report. 

Planners can:

• Identify future flood risk data sources and tools and iden-
tify ways to integrate these tools into existing planning 
processes

• Work with local staff to assess the vulnerability of existing 
or proposed infrastructure to more severe and frequent 
flood impacts

• Use climate and flood risk data to identify the capacity for 
infrastructure adaptation and to reduce exposure and vul-
nerability to more frequent and intense flood events 

• Engage in robust public outreach to understand local 
needs, better assess community vulnerability, and identify 
infrastructure and noninfrastructure solutions that equi-
tably reduce risk while also meeting existing and future 
needs

• Facilitate inclusive community visioning processes that 
clearly identify long-term climate, flood, and infrastruc-
ture-related challenges, and outline a vision for the future 
that can guide subsequent comprehensive, climate adapta-
tion, and other local plans 

• Build strong links among comprehensive, climate adap-
tation, hazard mitigation, and any other plans that ad-
dress local infrastructure to ensure the consistency of 
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data sources and recommendations and reduce potential 
areas of conflict

• Clearly link plan-identified goals, objectives, and next 
steps concerning local infrastructure with responsible 
staff and local agencies to ease the transition between plan 
development and infrastructure implementation

• Establish consistent timelines for plan updates to allow for 
the revision of climate and flood-related data and projec-
tions, monitor infrastructure implementation, and revise 
strategies for achieving long-term infrastructure resil-
ience goals

• Guide, inform, or contribute to the local capital improve-
ments planning process to build strong connections be-
tween climate vulnerability, long-term community goals, 
plan-identified recommendations, and infrastructure 
project prioritization

• Work closely with public works departments and any oth-
er local infrastructure agencies to develop standards and 
guidelines for local infrastructure siting and design that 
are based on project exposure and vulnerability to future 
flood impacts, improve the adaptive capacity of projects, 
and reduce the need for costly maintenance, mitigation, 
or early replacement 

• Develop an understanding of the local infrastructure fi-
nance process and work with local finance officials to 
identify traditional and emerging funding sources 

While planners are somewhat limited in the roles they 
can play in directly influencing the maintenance, design, and 
construction of infrastructure, they can play a crucial role 
in coordinating and aligning actions that may be occurring 
on disparate time frames, at a variety of scales, and across 
several different local agencies. Planners can not only help to 
break down silos in local government, but they can also work 
to ensure that impacts due to sea level rise, coastal storms, 
and extreme precipitation are considered in local planning 
and implementation processes. 

CLIMATE CHANGE AND DEEP UNCERTAINTY

There are many emerging issues at the intersection of climate 
change and infrastructure planning. How local planners, al-
lied professionals, and other decision makers can overcome 
the deep uncertainties surrounding the intensity and time 
frame of climate change impacts is of critical importance. 

Given the significant costs of constructing, adapting, 
and maintaining infrastructure, and the time frames in 

which infrastructure is expected to operate, contextualizing 
or overcoming climate change uncertainties in infrastruc-
ture planning and design is vital to the long-term health and 
well-being of communities. 

Climate change uncertainty can be particularly para-
lyzing for planners. While the causes of climate change are 
settled science, and the broad, primary impacts of climate 
change in the form of various extremes are acknowledged by 
climate scientists and experts, there are still significant ques-
tions at the micro and macro scales on critical issues such as 
time frame and intensity. 

The rate of greenhouse gas emissions over the coming 
decades will drive the degree to which the planet will con-
tinue to warm. The Paris Agreement, a United Nations-medi-
ated international accord that establishes global and national 
emissions reduction targets, is intended to limit the degree of 
warming and slow the rate of climate change. However, there 
is still uncertainty surrounding the ability of the agreement 
to lead to a decline in greenhouse gas emissions, especially 
on a time frame necessary to avert significant social, eco-
nomic, and environmental impacts across the globe (Dennis 
and Mooney 2018). Therefore, climate models continue to lay 
out a variety of pathways that point to a range of potential 
futures, and this can greatly complicate the decision-making 
process at the local scale. 

The future conditions illustrated by climate models also 
feed into complex social and environmental systems. How 
these systems are impacted by and react to climate change 
is itself unpredictable and extremely complex. For example, 
emerging research on the potential instability of the Antarc-
tic ice shelf has led climate scientists to revise sea level rise 
projections to include more extreme scenarios (NASA 2018). 
Though such an event becomes more likely as emissions rise, 
the wide-ranging ramifications for communities due to a 
rapid significant increase in sea levels are unclear. How more 
extreme sea level rise may impact global, regional, and local 
environmental, economic, and social systems is dependent 
on the interplay of many potential variables. While some big-
picture conclusions can be drawn at the global and regional 
scales from this scenario, local impacts beyond the potential 
for much more water in a much shorter period of time may be 
extremely difficult to discern. 

Climate data, while useful for assessing potential chang-
es globally, is difficult to downscale for use at the local level. 
In order to refine this data so that it can be useful for plan-
ners and other practitioners, researchers must make an ever-
increasing number of assumptions about future local con-
ditions. These assumptions may include determinations on 
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topics such as the particularities of local weather systems at 
some point in the future, or how future land-use conditions 
may mitigate or exacerbate local flooding. 

These complex but interrelated uncertainties constitute 
an environment known as deep uncertainty (Marchau et 
al. 2019). Planning for a future that is deeply uncertain can 
be overwhelming for local practitioners. Making decisions 
about infrastructure—which represents significant invest-
ments of a community’s time and money—based on such 
complex future scenarios can be an intimidating prospect. 

Linking deep uncertainty with the practice of local plan-
ning is an emerging issue that over the past decade has become 
a major area of study for environmental researchers. More 
time will be needed, however, for strategies on dealing with 
climate uncertainties to filter into local planning practice. 

For planners and allied professionals interested in learn-
ing more on the topic of deep uncertainty, the Society for 
Decision Making Under Deep Uncertainty (DMDU) is an 
organization affiliated with the RAND Corporation that 
conducts research exclusively on the topic of uncertainty. In 
2019, DMDU released the open-access book, Decision Mak-
ing Under Deep Uncertainty: From Theory to Practice, which 
goes into depth on how practitioners can begin to approach 
planning and long-term decision making in a deeply uncer-
tain environment. This publication is available at www.rand 
.org/pubs/external_publications/EP67833.html. 

Additionally, researchers working as part of the Great 
Lakes Integrated Sciences and Assessments team (GLISA), a 
group affiliated with NOAA and the University of Michigan, 
have published extensively on the challenges of local decision 
making in the context of climate change uncertainty. This 
research includes a wide body of case studies from across 
the Great Lakes region on bridging the gap between climate 
scientists and local practitioners to improve local decision 
making. More information on GLISA and these publications, 
many of which are freely available, is available at http://glisa 
.umich.edu. 

CONCLUSION

For communities across the United States, increasing the re-
silience of infrastructure to the impacts of climate change is 
not yet a priority. Understandably, concerns surrounding in-
creasing costs, declining tax revenue, and the maintenance 
needs of rapidly aging and degrading infrastructure all tend 
to dominate the infrastructure conversation. The chronic 
issues of funding, time, and local capacity are high on the 

list of challenges for planners, public works officials, city 
managers, and other local staff to resolve. However, climate 
change is expected to have a multiplier effect on these al-
ready daunting concerns. 

As climate impacts such as sea level rise, increasingly 
frequent and severe coastal storms, and extreme precipita-
tion continue over the coming years and decades, commu-
nities will be forced to grapple with how these impacts ex-
acerbate the underlying problems of funding, maintenance, 
and capacity. This report is an attempt to make the case for 
planners and the communities they serve to begin the pro-
cess of integrating long-term climate and flood resilience 
into the plans and processes that are essential to making 
infrastructure happen. 

Planning is a deeply iterative process. Planners recognize 
that there is no one simple solution or definitive process for 
doing the hard work of building safer, healthier, and more 
resilient communities. Planning can be messy, confusing, 
and filled with fits and starts, especially when attempting to 
address emerging and unfamiliar issues. Communities must 
embrace the complexities that lie at the heart of the intersec-
tions between climate change impacts and long-term infra-
structure resilience. By committing to taking action, whether 
in the form of a single vulnerability assessment, a new plan 
element, or a set of basic design standards, planners can be-
gin to take the first steps toward building a culture that is 
committed to not just the resilience of infrastructure assets, 
but the resilience of the community as whole. 

http://www.rand.org/pubs/external_publications/EP67833.html
http://www.rand.org/pubs/external_publications/EP67833.html
http://glisa.umich.edu
http://glisa.umich.edu
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APPENDIX

As part of its Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco, which is explored in Chapters 
3 and 5 of this report, the City and County of San Francisco has developed the following highly detailed checklist for infra-
structure agencies and project managers to assess sea level rise and storm surge impacts to planned infrastructure assets. 
The checklist is intended as a tool for mainstreaming and formalizing the process of factoring sea level rise and storm surge 
impacts into infrastructure project planning, site selection, and design. 
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Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

London Breed
Mayor

NAOMI M. KELLY
City Administrator

BRIAN STRONG 
Director, Office of 
Resilience and Capital
Planning

Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist (Version 2.0) 

 

This checklist should be used in conjunction with the SLR Guidance document (“Guidance”) for use by City 
departments to guide the evaluation of capital planning projects in light of sea level rise.  

Pre-Checklist check:
The checklist is only required if the following 3 conditions are ALL met. If the answer is ‘No’ to ANY of these 
questions, do not complete the SLR checklist at this time. The pre-checklist should be retained for your 
records.  

Only projects answering ‘Yes’ for questions 1, 2 AND 3 must complete the following checklist.
As noted above, if the answer to questions 1, 2 OR 3 is ‘No’, the SLR checklist does not need to be 
submitted. However, it is recommended that the project manager retain this document in their project 
records. 

Preparer and Project Information

Department Name: 

Project Name: 

Project ID: 

Name of Project Mgr: 

Name of Preparer: 

Dept. Director: 

Date prepared: 

1 Project costs include planning, design, and construction costs. 

1. Project has a location identified (some projects are so early in planning that they do not yet have a
specific location within CCSF)    Yes            No

2. Project is within the SLR Vulnerability Zone   Yes         No
(see the Supplementary Document “SLR Vulnerability Zone Map” at:
http://onesanfrancisco.org/staff-resources/sea-level-rise-guidance/; contact Hemiar Alburati
(hemiar.alburati@sfgov.org) to request a Geodatabase (GIS file) of the SLR Vulnerability Zone Map
(overlaid on San Francisco base layers).

3. Anticipated total project costs1 equal or exceed 5 million dollars   Yes  No 

Page 1|7
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist  

Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

SLR checklist – only for projects meeting all 3 pre-checklist conditions above: 

Project Information 
1. What is the project location? (Please provide the street address or GIS coordinates):

2. What type of asset or project is being proposed? (e.g., new construction, rehabilitation or modification
of existing structure, building(s), roadway structure, utility structure, park, etc.):

3. What is the remaining or potential future functional lifespan of the project?  (The functional
lifespan is the period for which a structure can still meet the purposes for which it was constructed. It refers to 
the time the asset may realistically be in use at this location, including routine repair and maintenance cycles.
(See Guidance for more information).
Construction completion year (past or planned): ___________
Remaining or potential functional lifespan in years:__________
Please provide a brief explanation of how this number was derived:

4. What is the planning horizon? (The construction completion year + functional life span = planning
horizon year; e.g., 2017 construction completion year + 60 year functional life span = 2077.)
Planning horizon year: _______

Site Information 
Past/Current 
5. Has the site historically been flooded due to high tides/and or storms?

(If yes, please describe conditions: e.g., King tide, storm surge, rainstorm event)

Yes  No ________________________________________________________________ 

6. What is the lowest ground elevation at your project location (in feet)?
(Please select the elevation baseline used for all calculations (NAVD88 or City Datum).
This assessment is based on:

a) existing grade
b) proposed grade (e.g., with fill)
c) other*? (*If "other", please add explanation under Question 22.)

_________ft    NAVD88    City Datum

7. What map/ modeling is used for this assessment?
 SFPUC 2014 Maps and the Supplementary Document “Sea Level Rise Scenario Selection and Design

Calculation” found at http://onesanfrancisco.org/staff-resources/sea-level-rise-guidance/ 
 Site Specific Modeling (please provide date and source of information):  

______________________________________________________________________________ 

8. What is the Mean Higher High Water (MHHW) elevation closest to your project location?
(Use the data source in question 7; e.g., from Figure 1 in Supplementary Document cited in Question 7) or site-
specific modeling).

MHHW Elevation (year 2000):__________ft    NAVD88    City Datum

Page 2|7
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist 

Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

9. What is the 100-year extreme tide elevation (in feet) closest to your project location?
(Use the Supplementary Document cited in Question 7 or site-specific modeling.)

100-year extreme tide elevation (in feet):_________ft     NAVD88     City Datum

10. Is the project located within 100 ft of the shoreline?
(If the project is located directly along the shoreline, the 100-year total water level -- which includes wave
hazards at the shoreline -- must be considered.)

 Yes (Go to Question 11).  No (Go to Question 12). 

11. If the project is within 100 ft of the shoreline, what is your 100-year total water level elevation?
(Use the Supplementary Document cited in Question 7 or site-specific modeling.)

100-year total water level elevation (in feet): _________ft     NAVD88     City Datum

SECTION 1 - Vulnerability Assessment for Potential 
Projects in the SLR Vulnerability Zone 

A. Exposure (see SLR Guidance for additional information):
Assess if the project site or asset could be subjected to sea level rise inundation, temporary coastal
flooding, or wave hazards.  Some fields below will auto-calculate based on the information entered.

Future Sea Level Rise Calculations 
12. Calculate projected sea level rise at the end of the planning horizon year _____ (from Question 4.)

RCP 4.5 a) __________ in inches and _______in feet -- likely value
b) __________ in inches and _______in feet -- 1-in-200 chance value

c) __________ in inches and _______in feet -- likely value
d) __________ in inches and _______in feet -- 1-in-200 chance value

Assess Project Vulnerability to Permanent Inundation from Sea Level Rise 

13. Subtract MHHW (8) from the Project elevation (6)

Difference in feet: __________ft
(If the answer is negative, the project is below MHHW and could be vulnerable today.)

a) Is the project vulnerable to permanent inundation during the functional lifespan using the likely SLR
scenario?  (Is the answer to Question 12a greater than the answer to Question 13?).

Yes: The project could be inundated by likely sea level rise and will require adaptation strategies.
No:   Not vulnerable.

b) Is the project vulnerable to permanent inundation during the functional lifespan using the 1-in-200 chance
SLR scenario?  (Is the answer to Question 12b is greater than the answer to Question 13).

Yes: The project could be inundated by 1-in-200 chance sea level rise and adaptation strategies are
recommended.

No: Not vulnerable.

(If your project is within 500 feet of the shoreline, or if it provides a critical service for the City, please select RCP 8.5 
for all following calculations. If RCP 4.5 is selected, please provide justification for this selection below.)

RCP 8.5 
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist  

Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

14. Subtract 100-year extreme tide elevation (9) from the Project elevation (6):

Difference in feet: __________ft
(If the answer is negative, the project could be vulnerable to temporary flooding by the 100-year extreme tide event
today.)

a) Is the project vulnerable to temporary coastal flooding coupled with likely sea level rise during the
functional lifespan? (Is the answer to Question 14 less than the answer to Question 12a?)

Yes:  The project could be inundated by a 100-year extreme tide coupled with likely sea level 
rise. Flood-proofing adaptation strategies may be required. 

No:   Not vulnerable. 

b) Is the project vulnerable to temporary coastal flooding coupled with 1-in-200 chance sea level rise?
(Is the answer to Question 14 less than the answer to Question 12b?)

Yes:  The project could be inundated by a 100-year extreme tide coupled with 1-in-200 chance sea
 level rise. Flood-proofing adaptation strategies are recomended. 

No:   Not vulnerable. 

15. For projects within 100 ft of the shoreline (If project is not within 100 ft of the shoreline, go to Question 16.)
Subtract 100-year total water elevation (11) from the Project elevation (6):
Difference in feet: __________ft
(If the answer is negative, the project could be vulnerable to wave inundation if the 100-year total
water level can overtop the adjacent shoreline under existing conditions.)

a) Is the project vulnerable to potential wave inundation with likely sea level rise during the functional
functional lifespan? (Is the answer to Question 15 less than the answer to Question 12a?)

Yes: The project could be inundated by wave hazards with likely sea level rise. Adaptation strategies 
 may be required. 

          No:  Not vulnerable.  

b) Is the project vulnerable to potential wave inundation with 1-in-200 chance sea level rise?
(Is the answer to Question 15 less than the answer to Question 12b?)

Yes:  The project could be inundated by wave hazards with 1-in-200 chance sea level rise.
         Adaptation strategies are recommended. 
No:   Not vulnerable. 

Assess Project Vulnerability to Temporary Flooding from 100-year Coastal Flood 
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist 

B. Sensitivity (see SLR Guidance for definition):
16. Is the project/asset(s) sensitive to inundation (i.e., is it physically or functionally impaired if it gets wet?)

 Low Sensitivity: sea level rise and temporary flooding would have little or impact on the project
              asset(s) physically or functionally. 

Moderate Sensitivity: sea level rise and temporary flooding would have an impact on the project/
assets(s) physically or functionally, but the project would recover quickly one floodwaters subside. 
The project would retain partial function while inundated.    

  High Sensitivity: sea level rise and storm surge inundation have a significant influence on the
  project/asset(s) physically or functionally, and the project would not recover quickly once 
  floodwaters subside. The project would lose major function while inundated. 

 Please explain briefly*: 

*(If more space is required, please provide on separate page) 

C. Adaptive Capacity (see SLR Guidance for definition):
17. Does the project/asset(s) have adaptive capacity (i.e., can it easily be adapted to mitigate potential damage

or functional impairment, or does it have redundancy to minimize potential consequences?)

Please explain briefly*: 

*(If more space is required, please provide on separate page). 

Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

  High Adaptive Capacity: Project/asset(s) has little inherent capacity to adapt to future inundation
 or flooding without additional capital investments.  

Moderate Adaptive Capacity: Project/asset(s) has some inherent capacity to adapt to inundation
or flooding without additional capital investments (e.g., the project includes redundancy, or a
reasonable alternate route is available).   

 High Adaptive Capacity: Project/asset(s) has substantial capacity to adapt to inundation or
 flooding without additional capital investments (e.g., the ability to adapt to higher sea level rise
 has been designed into the project, such as automatic flood barriers on doorways). 
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist  

Department Name: ________________________________________________________________________ 
Project ID (if available): ______________________________________Date prepared: __________________ 

SECTION 2 – Risk Assessment for Projects identified as vulnerable 
to sea level rise or temporary coastal flooding.  

18. What is the anticipated level of DAMAGE to the project/ asset(s)?
 Low Damage: Asset(s) could be repaired/ partially replaced 
 Moderate Damage:  Asset(s) would require complete replacement or very costly repairs 
 High Damage:  Asset(s) would not repairable or replaceable in the existing location  
 Unknown 

Please explain briefly*: 

19. What is the level of DISRUPTION?

Low: no or little disruption in service or function
Moderate: disruption in service or function that doesn’t threaten public health & safety (non-critical)
High: disruption of service and/or function that threatens public health & safety (critical)
Unknown

Please explain briefly*: 

20. What are the COSTS (to replace/repair or for health & safety)?

Low: no or little cost to return asset(s) or minor secondary service disruption costs
Moderate: moderate costs to repair/ replace asset(s)
High: high costs to fully replace asset(s) in new location and/ or high secondary costs attributed to asset
being out of service
Unknown

Please explain briefly*: 

If all answers to Section 2, Questions 18, 19, and 20 are Low, project likely has sufficient adaptation planning. 
If any answers are Medium, additional adaptation planning may be required. If any answers are High, 
alternatives should be considered.  

21. Please briefly summarize sea level rise adaptation measures associated with this project or program*:

22. Additional Comments*:

*(If more space is required, please provide on separate page) 
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Guidance for Incorporating Sea Level Rise into Capital Planning in San Francisco 
Sea Level Rise Checklist 

 

SECTION 3 – Department Certification Submittal 
(This section is for the Dept’s Director and Deputy Director level only. Please submit signed copy to the Capital Planning 
Program for processing.) 

_________________________________________________________  (Dept Name) certifies that the 
information provided herein is complete and is consistent with CCSF Sea Level Rise Guidance. 

Dept. Director: __________________________________________________  

Signature2:_______________________________________   Date: ____________ 

SECTION 4 – Capital Planning Committee 
(This section is for City Engineer, Capital Planning Committee, or Designee completion only.) 

This project is certified as consistent with the CCSF Sea Level Rise Guidance and  
____  will not be exposed to expected sea level rise and related flooding impacts during its functional lifespan 
____  is exposed but is not vulnerable due to low sensitivity or high adaptive capacity 
____  is exposed, is vulnerable, but includes sufficient adaptation planning to address sea level rise  
____  will require additional adaptation planning 

  Comments: ______________________________________________________________________________ 

City Engineer Name (please type/print):    ____________________________________________________ 

Signature2 : _________________________________  Date:____________ 

Capital Planning Committee Chair Name (please type/print):  _________________________________________________ 

Signature2: _________________________________  Date:____________ 

2 (Digital Signatures are preferred; if this file needs to be printed and scanned for signatures, please ensure high resolution 
document print and scan for legibility. Thank you.) 

Department Name: ____________________________________________________________ 
Date prepared: _____________ 

 
Project ID (if available): ______________________________   

Page 7|7



AMERICAN PLANNING ASSOCIATION planning.org118

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  R E F E R E N C E S

REFERENCES

Chicago Metropolitan Agency for Planning (CMAP). 2018. “Plan for Cli-
mate Resilience.” In On to 2050 Draft Plan. Available at www.cmap 
.illinois.gov/2050/draft/environment/climate-resilience. 

Climate Bonds Initiative. n.d.a. “Adaptation and Resilience.” Available at 
www.climatebonds.net/adaptation-and-resilience. 

———. n.d.b. “Certification: San Francisco Public Utilities Commission.” 
Available at www.climatebonds.net/certification/sfpuc. 

Climate Bonds Initiative Water Consortium. 2018. “Climate Bonds Stan-
dard Water Infrastructure Criteria.” Available at www.climatebonds 
.net/files/files/Climate%20Bonds%20Water%20Infrastructure%20
FAQ%20April%202018.pdf. 

Colgan, Charlie, Mike Beck, and Siddharth Narayan. 2017. Financing Natu-
ral Infrastructure for Coastal Flood Damage Reduction. London: Lloyd’s 
Tercentenary Research Foundation, London. Available at https:// 
conservationgateway.org/ConservationPractices/Marine/crr/library/
Documents/FinancingNaturalInfrastructureReport.pdf. 

Curley, Michael. 2019. “Environmental Impact Bonds: The Very Welcome 
New Kid on the Municipal Finance Block.” Water Finance and Man-
agement, August 19. Available at https://waterfm.com/environmental 
-impact-bonds-the-very-welcome-new-kid-on-the-municipal-finance 
-block. 

Dennis, Brady, and Chris Mooney. 2018. “Countries Made Only Modest 
Climate-Change Promises in Paris. They’re Falling Short Anyway.” 
Washington Post, February 19. Available at www.washingtonpost 
.com/national/health-science/its-not-fast-enough-its-not-big-enough 
-theres-not-enough-action/2018/02/19/5cf0a7d4-015a-11e8-9d31 
-d72cf78dbeee_story.html. 

Elmer, Vicki, and Adam Leigland. 2014. Infrastructure Planning and Fi-
nance: A Smart and Sustainable Guide for Local Practitioners. Rout-
ledge.

Environmental Law and Policy Center. 2019. An Assessment of the Impacts 
of Climate Change on the Great Lakes. Available at http://elpc.org/ 
glclimatechange. 

Adaptation Clearinghouse. 2013. “NYC MTA Storm Surge Protection via 
Catastrophe Bond Market (New York City Metropolitan Transportation 
Authority).” Available at www.adaptationclearinghouse.org/resources/
nyc-mta-storm-surge-protection-via-catastrophe-bond-market-new 
-york-city-metropolitan-transportation-authority.html. 

Agency for Toxic Substances and Disease Registry (ATSDR). 2018. “CDC’s 
Social Vulnerability Index (SVI) Fact Sheet.” Available at https://svi.cdc 
.gov/factsheet.html.

American Planning Association. 2019a. “Helping Communities Plan for 
Climate Extremes.” Available at www.planning.org/nationalcenters/
hazards/localclimate.

———. 2019b. Planning for Equity Policy Guide. Available at www.planning 
.org/publications/document/9178541. 

American Society of Civil Engineers (ASCE). 2017. “Infrastructure Report 
Card.” Available at www.infrastructurereportcard.org. 

———. 2018. Climate-Resilient Infrastructure: Adaptive Design and Risk 
Management. ASCE Committee on Adaptation to a Changing Climate. 
Available at https://ascelibrary.org/doi/book/10.1061/9780784415191. 

Artemis. n.d. “FloodSmart Re Ltd. (Series 2008-1).” Available at www 
.artemis.bm/deal-directory/floodsmart-re-ltd-series-2018-1. 

Bharwani, Sukaina. 2019. “Vulnerability Definitions.” weADAPT, May 13. 
Originally published March 25, 2011. Available at www.weadapt.org/
knowledge-base/vulnerability/vulnerability-definitions. 

BusinessGreen. 2018. “Green Bond Market Tipped to Return to Strong 
Growth in 2019.” BusinessGreen, December 13. Available at www 
.businessgreen.com/bg/news/3068185/green-bond-market-tipped-to 
-return-to-strong-growth-in-2019. 

California Governor’s Office of Planning and Research. 2019. “Plan 
Alignment.” Resilient CA. Available at https://resilientca.org/topics/ 
plan-alignment. 

Carbon Brief. 2018. “Q&A: How Do Climate Models Work?” Available at 
www.carbonbrief.org/qa-how-do-climate-models-work. 

Centers for Disease Control and Prevention (CDC). “CDC’s Social Vul-
nerability Index (SVI).” Available at https://svi.cdc.gov/Documents/ 
FactSheet/SVIFactSheet.pdf. 

http://www.cmap.illinois.gov/2050/draft/environment/climate-resilience
http://www.cmap.illinois.gov/2050/draft/environment/climate-resilience
http://www.climatebonds.net/adaptation-and-resilience
http://www.climatebonds.net/certification/sfpuc
http://www.climatebonds.net/files/files/Climate%20Bonds%20Water%20Infrastructure%20FAQ%20April%202018.pdf
http://www.climatebonds.net/files/files/Climate%20Bonds%20Water%20Infrastructure%20FAQ%20April%202018.pdf
http://www.climatebonds.net/files/files/Climate%20Bonds%20Water%20Infrastructure%20FAQ%20April%202018.pdf
https://conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/FinancingNaturalInfrastructureReport.pdf
https://conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/FinancingNaturalInfrastructureReport.pdf
https://conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/FinancingNaturalInfrastructureReport.pdf
https://waterfm.com/environmental-impact-bonds-the-very-welcome-new-kid-on-the-municipal-finance-block/
https://waterfm.com/environmental-impact-bonds-the-very-welcome-new-kid-on-the-municipal-finance-block/
https://waterfm.com/environmental-impact-bonds-the-very-welcome-new-kid-on-the-municipal-finance-block/
http://www.washingtonpost.com/national/health-science/its-not-fast-enough-its-not-big-enough-theres-not-enough-action/2018/02/19/5cf0a7d4-015a-11e8-9d31-d72cf78dbeee_story.html
http://www.washingtonpost.com/national/health-science/its-not-fast-enough-its-not-big-enough-theres-not-enough-action/2018/02/19/5cf0a7d4-015a-11e8-9d31-d72cf78dbeee_story.html
http://www.washingtonpost.com/national/health-science/its-not-fast-enough-its-not-big-enough-theres-not-enough-action/2018/02/19/5cf0a7d4-015a-11e8-9d31-d72cf78dbeee_story.html
http://www.washingtonpost.com/national/health-science/its-not-fast-enough-its-not-big-enough-theres-not-enough-action/2018/02/19/5cf0a7d4-015a-11e8-9d31-d72cf78dbeee_story.html
http://elpc.org/glclimatechange/
http://elpc.org/glclimatechange/
http://www.adaptationclearinghouse.org/resources/nyc-mta-storm-surge-protection-via-catastrophe-bond-market-new-york-city-metropolitan-transportation-authority.html
http://www.adaptationclearinghouse.org/resources/nyc-mta-storm-surge-protection-via-catastrophe-bond-market-new-york-city-metropolitan-transportation-authority.html
http://www.adaptationclearinghouse.org/resources/nyc-mta-storm-surge-protection-via-catastrophe-bond-market-new-york-city-metropolitan-transportation-authority.html
https://svi.cdc.gov/factsheet.html
https://svi.cdc.gov/factsheet.html
http://www.planning.org/nationalcenters/hazards/localclimate/
http://www.planning.org/nationalcenters/hazards/localclimate/
http://www.planning.org/publications/document/9178541
http://www.planning.org/publications/document/9178541
http://www.infrastructurereportcard.org
https://ascelibrary.org/doi/book/10.1061/9780784415191
http://www.artemis.bm/deal-directory/floodsmart-re-ltd-series-2018-1
http://www.artemis.bm/deal-directory/floodsmart-re-ltd-series-2018-1
http://www.weadapt.org/knowledge-base/vulnerability/vulnerability-definitions
http://www.weadapt.org/knowledge-base/vulnerability/vulnerability-definitions
http://www.businessgreen.com/bg/news/3068185/green-bond-market-tipped-to-return-to-strong-growth-in-2019
http://www.businessgreen.com/bg/news/3068185/green-bond-market-tipped-to-return-to-strong-growth-in-2019
http://www.businessgreen.com/bg/news/3068185/green-bond-market-tipped-to-return-to-strong-growth-in-2019
https://resilientca.org/topics/plan-alignment/
https://resilientca.org/topics/plan-alignment/
http://www.carbonbrief.org/qa-how-do-climate-models-work
https://svi.cdc.gov/Documents/FactSheet/SVIFactSheet.pdf
https://svi.cdc.gov/Documents/FactSheet/SVIFactSheet.pdf


119planning.org AMERICAN PLANNING ASSOCIATION

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  R E F E R E N C E S

Federal Emergency Management Agency (FEMA). n.d. “Local Hazard 
Mitigation Planning Fact Sheet.” Available at www.fema.gov/media 
-library-data/1468272301025-eed10d9ec0d7bfb537ad18c036870637/
Local_Hazard_Mitigation_Planning_Fact_Sheet_Final_508.pdf. 

———. 2005. “NFIP Flood Studies and Maps.” Unit 3 in Floodplain Man-
agement Requirements: A Study Guide and Desk Reference for Local Of-
ficials. FEMA 480. Available at www.floods.org/index.asp?menuid=389.

———. 2015a. Hazard Mitigation Assistance Guidance: Hazard Mitigation 
Grant Program, Pre-Disaster Mitigation Program, and Flood Mitiga-
tion Assistance Program. February 27. Available at www.fema.gov/ 
media-library-data/1424983165449-38f5dfc69c0bd4ea8a161e8bb7b 
79553/HMA_Guidance_022715_508.pdf. 

———. 2015b. Plan Integration: Linking Local Planning Efforts. Available at 
www.fema.gov/media-library/assets/documents/108893.

———. 2018a. “Fact Sheet: FY 2018 FMA Grant Program.” Available at www 
.fema.gov/media-library-data/1534266359629-01e90efe4f62f4510898f 
244a5501f41/Fact_Sheet.pdf. 

———. 2018b. “Fact Sheet: FY 2018 PDM Program.” Available at www 
.fema.gov/media-library-data/1538601697477-5a4a055c7600eaddad 
89348044fb664a/FY_2018_PDM_Fact_Sheet.pdf. 

———. 2019a. “Base Flood Elevation.” Available at www.fema.gov/ 
base-flood-elevation.

———. 2019a. “Flood Mitigation Assistance Grant Program.” Available at 
www.fema.gov/flood-mitigation-assistance-grant-program. 

———. 2019b. “Hazard Mitigation Grant Program.” Available at www 
.fema.gov/hazard-mitigation-grant-program. 

———. 2019c. “Pre-Disaster Mitigation Grant Program.” Available at www 
.fema.gov/pre-disaster-mitigation-grant-program. 

First Street Foundation. 2018. “As the Seas Have Been Rising, Home Values 
Have Been Sinking.” Available at https://bit.ly/2NJKk1b. 

Government Finance Officers Association (GFOA). 2009. “Recommended 
Practice: The Role of Master Plans in Capital Planning.” Available at www 
.gfoa.org/sites/default/files/CCI_RoleMasterPlansinCapitalPlanning 
.pdf. 

Hicks Masterson, Jaimie, Philip Berke, Matthew Malecha, Siyu Yu, 
Jaekyung Lee, and Jeewasmi Thapa. 2017. Plan Integration for Resil-
ience Scorecard Guidebook. Draft, May 25. Available at http://ifsc.tamu 
.edu/getattachment/News/July-2017/Plan-Integration-for-Resilience 
-Scorecard-Guideboo/Scorecard-(1).pdf.aspx. 

Institute for Sustainable Community Design. n.d. “Develop a Mitigation 
Strategy: Types of Mitigation Actions.” Task 6 in Beyond the Basics: Best 
Practices in Local Mitigation Planning. Available at http://mitigation 
guide.org/task-6/mitigation-actions. 

Intergovernmental Panel on Climate Change (IPCC). n.d. “Definition of 
Terms within the DDC Pages.” Data Distribution Centre. Available at 
www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html. 

———. 2014. Climate Change 2014: Synthesis Report. Contribution of 
Working Groups I, II and III to the Fifth Assessment Report of the In-
tergovernmental Panel on Climate Change. Available at https://archive 
.ipcc.ch/report/ar5/syr. 

International Capital Market Association (ICMA). 2018. “Green Bond Princi-
ples.” Available at www.icmagroup.org/green-social-and-sustainability 
-bonds/green-bond-principles-gbp. 

Kopelman Sitton Law Group. 2019. “A Closer Look at Environmental Im-
pact Bonds.” Water Finance and Management, March 25. Available at 
https://waterfm.com/a-closer-look-at-environmental-impact-bonds. 

Marchau, Vincent A.W.J., Warren E. Walker, Pieter J.T.M. Bloemen, and 
Steven W. Popper, editors. 2019. Decision Making Under Deep Uncer-
tainty: From Theory to Practice. Springer Nature Switzerland AG. Avail-
able at https://link.springer.com/book/10.1007%2F978-3-030-05252-2.

Marlowe, Justin. 2013. “How to Make Pay as You Go Work for Large Infra-
structure Projects.” Governing, December. Available at www.governing 
.com/columns/public-money/gov-how-to-make-paygo-work.html. 

National Aeronautics and Space Administration (NASA). 2018. “Ramp-
Up in Antarctic Ice Loss Speeds Sea Level Rise.” NASA Global Climate 
Change News, June 13. Available at https://climate.nasa.gov/news/2749/
ramp-up-in-antarctic-ice-loss-speeds-sea-level-rise.

National Hurricane Center. n.d.a. “Storm Surge Frequently Asked Ques-
tions.” Available at www.nhc.noaa.gov/surge/faq.php.

———. n.d.b. “Storm Surge Overview.” Available at www.nhc.noaa.gov/
surge/faq.php.

National Oceanic and Atmospheric Administration (NOAA). 2010. Adapt-
ing to Climate Change: A Planning Guide for State Coastal Managers. 
NOAA Office of Ocean and Coastal Resource Management. Available at 
https://coast.noaa.gov/data/czm/media/adaptationguide.pdf. 

———. 2015. A Guide to Assessing Green Infrastructure Costs and Benefits for 
Flood Reduction. NOAA Office for Coastal Management. Prepared by 
Eastern Research Group, Inc. Available at https://coast.noaa.gov/data/
docs/digitalcoast/gi-cost-benefit.pdf. 

———. 2016a. “Great Lakes Dashboard: Data Download.” Available at www 
.glerl.noaa.gov/data/dashboard/data.

———. 2016b. “NOAA Shoreline Website: A Guide to National Shoreline 
Data and Terms.” Available at https://shoreline.noaa.gov/glossary.html. 

http://www.fema.gov/media-library-data/1468272301025-eed10d9ec0d7bfb537ad18c036870637/Local_Hazard_Mitigation_Planning_Fact_Sheet_Final_508.pdf
http://www.fema.gov/media-library-data/1468272301025-eed10d9ec0d7bfb537ad18c036870637/Local_Hazard_Mitigation_Planning_Fact_Sheet_Final_508.pdf
http://www.fema.gov/media-library-data/1468272301025-eed10d9ec0d7bfb537ad18c036870637/Local_Hazard_Mitigation_Planning_Fact_Sheet_Final_508.pdf
http://www.floods.org/index.asp?menuid=389
http://www.fema.gov/media-library-data/1424983165449-38f5dfc69c0bd4ea8a161e8bb7b79553/HMA_Guidance_022715_508.pdf
http://www.fema.gov/media-library-data/1424983165449-38f5dfc69c0bd4ea8a161e8bb7b79553/HMA_Guidance_022715_508.pdf
http://www.fema.gov/media-library-data/1424983165449-38f5dfc69c0bd4ea8a161e8bb7b79553/HMA_Guidance_022715_508.pdf
http://www.fema.gov/media-library/assets/documents/108893
http://www.fema.gov/media-library-data/1534266359629-01e90efe4f62f4510898f244a5501f41/Fact_Sheet.pdf
http://www.fema.gov/media-library-data/1534266359629-01e90efe4f62f4510898f244a5501f41/Fact_Sheet.pdf
http://www.fema.gov/media-library-data/1534266359629-01e90efe4f62f4510898f244a5501f41/Fact_Sheet.pdf
http://www.fema.gov/media-library-data/1538601697477-5a4a055c7600eaddad89348044fb664a/FY_2018_PDM_Fact_Sheet.pdf
http://www.fema.gov/media-library-data/1538601697477-5a4a055c7600eaddad89348044fb664a/FY_2018_PDM_Fact_Sheet.pdf
http://www.fema.gov/media-library-data/1538601697477-5a4a055c7600eaddad89348044fb664a/FY_2018_PDM_Fact_Sheet.pdf
http://www.fema.gov/base-flood-elevation
http://www.fema.gov/base-flood-elevation
http://www.fema.gov/flood-mitigation-assistance-grant-program
http://www.fema.gov/hazard-mitigation-grant-program
http://www.fema.gov/hazard-mitigation-grant-program
http://www.fema.gov/pre-disaster-mitigation-grant-program
http://www.fema.gov/pre-disaster-mitigation-grant-program
https://bit.ly/2NJKk1b
http://www.gfoa.org/sites/default/files/CCI_RoleMasterPlansinCapitalPlanning.pdf
http://www.gfoa.org/sites/default/files/CCI_RoleMasterPlansinCapitalPlanning.pdf
http://www.gfoa.org/sites/default/files/CCI_RoleMasterPlansinCapitalPlanning.pdf
http://ifsc.tamu.edu/getattachment/News/July-2017/Plan-Integration-for-Resilience-Scorecard-Guideboo/Scorecard-(1).pdf.aspx
http://ifsc.tamu.edu/getattachment/News/July-2017/Plan-Integration-for-Resilience-Scorecard-Guideboo/Scorecard-(1).pdf.aspx
http://ifsc.tamu.edu/getattachment/News/July-2017/Plan-Integration-for-Resilience-Scorecard-Guideboo/Scorecard-(1).pdf.aspx
http://mitigationguide.org/task-6/mitigation-actions
http://mitigationguide.org/task-6/mitigation-actions
http://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://archive.ipcc.ch/report/ar5/syr
https://archive.ipcc.ch/report/ar5/syr
http://www.icmagroup.org/green-social-and-sustainability-bonds/green-bond-principles-gbp
http://www.icmagroup.org/green-social-and-sustainability-bonds/green-bond-principles-gbp
https://waterfm.com/a-closer-look-at-environmental-impact-bonds/
https://link.springer.com/book/10.1007%2F978-3-030-05252-2
http://www.governing.com/columns/public-money/gov-how-to-make-paygo-work.html
http://www.governing.com/columns/public-money/gov-how-to-make-paygo-work.html
http://www.nhc.noaa.gov/surge/faq.php
http://www.nhc.noaa.gov/surge/faq.php
http://www.nhc.noaa.gov/surge/faq.php
https://coast.noaa.gov/data/czm/media/adaptationguide.pdf
https://coast.noaa.gov/data/docs/digitalcoast/gi-cost-benefit.pdf
https://coast.noaa.gov/data/docs/digitalcoast/gi-cost-benefit.pdf
http://www.glerl.noaa.gov/data/dashboard/data
http://www.glerl.noaa.gov/data/dashboard/data
https://shoreline.noaa.gov/glossary.html


AMERICAN PLANNING ASSOCIATION planning.org120

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  R E F E R E N C E S

———. 2017. Global and Regional Sea Level Rise Scenarios for the United 
States. NOAA Technical Report NOS CO-OPS 083, January. Silver 
Spring, Md.: NOAA. Available at https://tidesandcurrents.noaa.gov/
publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_
the_US_final.pdf. 

———. 2019. “NOAA Coastal Resilience Grants Program.” NOAA Office 
for Coastal Management. Available at https://coast.noaa.gov/resilience 
-grant. 

National Oceanic and Atmospheric Administration National Centers 
for Environmental Information (NOAA NCEI). 2019. Billion Dol-
lar Weather and Climate Disasters: Overview. Available at www.ncdc 
.noaa.gov/billions. 

National Research Council of the National Academies (NRC). 2012a. Di-
saster Resilience: A National Imperative. The National Academies 
Press. Available at www.nap.edu/catalog/13457/disaster-resilience-a 
-national-imperative.

———. 2012b. Sea Level Rise for the Coasts of California, Oregon, and 
Washington: Past, Present, and Future. Washington, D.C.: National 
Academies Press. Available at www.nap.edu/catalog/13389/sea-level 
-rise-for-the-coasts-of-california-oregon-and-washington.

New York, City of. 2019. Climate Resiliency Design Guidelines. Available 
at www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_
Guidelines_v3-0.pdf. 

New York City Panel on Climate Change (NPCC). 2019. “Special Is-
sue: Advancing Tools and Methods for Flexible Adaptation Pathways 
and Science Policy Integration: New York City Panel on Climate 
Change 2019 Report.” Annals of the New York Academy of Sciences 
1439(1): 1–311. Available at https://nyaspubs.onlinelibrary.wiley.com/
toc/17496632/2019/1439/1. 

Olsen, Rolf J., editor. 2015. Adapting Infrastructure and Civil Engineer-
ing Practice to a Changing Climate. ASCE Committee on Adapta-
tion to a Changing Climate. Available at https://ascelibrary.org/doi/
pdf/10.1061/9780784479193. 

Oregon Department of Geology and Mineral Industries. 2011. “Base Flood 
Elevations (BFE) Determinations.” Available at www.oregongeology 
.org/flood/bfe.htm.

Panerai, Alessandro, and Enrico Lo Giudice. 2016. “Here’s Why the Green 
Bond Market Is Set to Keep Growing.” World Economic Forum, August 16. 
Available at www.weforum.org/agenda/2016/08/here-s-why-the-green 
-bond-market-is-set-to-keep-growing. 

Piro, Rocky, and Robert A. Leiter, with Sharon Rooney. 2017. Emerging 
Trends in Regional Planning. Planning Advisory Service Report 586. 
Chicago: American Planning Association. Available at www.planning 
.org/publications/report/9118764. 

Provus, Stan. 2004. “CDFA Spotlight: Tax Increment Bonds.” Council 
of Development Finance Agencies. Available at www.cdfa.net/cdfa/ 
cdfaweb.nsf/ordredirect.html?open&id=sep2004tlc.html. 

Quantified Ventures. 2019. “Urban and Coastal Resilience.” Available at 
www.quantifiedventures.com/urban-and-coastal-resilience. 

re:focus. 2017. A Guide for Public Sector Resilience Bond Sponsorship. Avail-
able at www.refocuspartners.com/wp-content/uploads/pdf/RE.bound-
Program-Report-September-2017.pdf. 

Schwab, James. 2010. Hazard Mitigation: Integrating Best Practices into 
Planning. Planning Advisory Service Report 560. Chicago: American 
Planning Association. Available at www.planning.org/publications/
report/9026884. 

Schwab, James, Chad Berginnis, Terri L. Turner, Anna Read, and Nicholas 
Walny. 2016. Subdivision Design and Flood Hazard Areas. Planning Ad-
visory Service Report 584. Chicago: American Planning Association. 
Available at www.planning.org/publications/report/9112664.

San Francisco, City and County of. 2015. Guidance for Incorporating Sea 
Level Rise into Capital Planning: Assessing Vulnerability and Risk to 
Support Adaptation. Available at http://onesanfrancisco.org/sites/
default/files/inline-files/Guidance-for-Incorporating-Sea-Level-Rise 
-into-Capital-Planning1.pdf. 

Santa Monica (California), City of. 2018. “Local Coastal Program Up-
date, Land Use Plan.” Available at www.smgov.net/uploadedFiles/
Departments/PCD/Plans/Local-Coastal-Plan/LUP%20FINAL%20
DRAFT%2011.19.18.pdf. 

Spector, Julian. 2015. “How Cities Can Avert Financial Ruin After a Nat-
ural Disaster.” CityLab, December 7. Available at www.citylab.com/
solutions/2015/12/cop21-paris-climate-catastrophe-bond-hurricane 
-earthquake/418917. 

Szabados, Mike. 2008. “Understanding Sea Level Change.” ACSM Bulletin, 
No. 236, December. Available at https://tidesandcurrents.noaa.gov/
publications/Understanding_Sea_Level_Change.pdf. 

Taylor, Dorceta E. n.d. “Environmental Racism.” Pollution Issues. Available 
at www.pollutionissues.com/Ec-Fi/Environmental-Racism.html. 

Thompson, Matthew P., Tom Zimmerman, Dan Mindar, and Mary Taber. 
2016. Risk Terminology Primer: Basic Principles and A Glossary for 
the Wildland Fire Management Community. Gen. Tech. Rep. RMRS-
GTR-349. Fort Collins, Colo.: USDA Forest Service Rocky Mountain 
Research Station. Available at www.fs.usda.gov/treesearch/pubs/50912. 

U.S. Environmental Protection Agency (U.S. EPA). n.d.a. “CREAT Risk 
Assessment Application for Water Utilities.” Available at www.epa.gov/
crwu/creat-risk-assessment-application-water-utilities. 

https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://coast.noaa.gov/resilience-grant/
https://coast.noaa.gov/resilience-grant/
https://www.ncdc.noaa.gov/billions/
https://www.ncdc.noaa.gov/billions/
http://www.nap.edu/catalog/13457/disaster-resilience-a-national-imperative
http://www.nap.edu/catalog/13457/disaster-resilience-a-national-imperative
http://www.nap.edu/catalog/13389/sea-level-rise-for-the-coasts-of-california-oregon-and-washington
http://www.nap.edu/catalog/13389/sea-level-rise-for-the-coasts-of-california-oregon-and-washington
https://www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_Guidelines_v3-0.pdf
https://www1.nyc.gov/assets/orr/pdf/NYC_Climate_Resiliency_Design_Guidelines_v3-0.pdf
https://nyaspubs.onlinelibrary.wiley.com/toc/17496632/2019/1439/1
https://nyaspubs.onlinelibrary.wiley.com/toc/17496632/2019/1439/1
https://ascelibrary.org/doi/pdf/10.1061/9780784479193
https://ascelibrary.org/doi/pdf/10.1061/9780784479193
http://www.oregongeology.org/flood/bfe.htm
http://www.oregongeology.org/flood/bfe.htm
http://www.weforum.org/agenda/2016/08/here-s-why-the-green-bond-market-is-set-to-keep-growing
http://www.weforum.org/agenda/2016/08/here-s-why-the-green-bond-market-is-set-to-keep-growing
http://www.planning.org/publications/report/9118764
http://www.planning.org/publications/report/9118764
http://www.cdfa.net/cdfa/cdfaweb.nsf/ordredirect.html?open&id=sep2004tlc.html
http://www.cdfa.net/cdfa/cdfaweb.nsf/ordredirect.html?open&id=sep2004tlc.html
http://www.quantifiedventures.com/urban-and-coastal-resilience
http://www.refocuspartners.com/wp-content/uploads/pdf/RE.bound-Program-Report-September-2017.pdf
http://www.refocuspartners.com/wp-content/uploads/pdf/RE.bound-Program-Report-September-2017.pdf
http://www.planning.org/publications/report/9026884
http://www.planning.org/publications/report/9026884
http://www.planning.org/publications/report/9112664
http://onesanfrancisco.org/sites/default/files/inline-files/Guidance-for-Incorporating-Sea-Level-Rise-into-Capital-Planning1.pdf
http://onesanfrancisco.org/sites/default/files/inline-files/Guidance-for-Incorporating-Sea-Level-Rise-into-Capital-Planning1.pdf
http://onesanfrancisco.org/sites/default/files/inline-files/Guidance-for-Incorporating-Sea-Level-Rise-into-Capital-Planning1.pdf
http://www.smgov.net/uploadedFiles/Departments/PCD/Plans/Local-Coastal-Plan/LUP%20FINAL%20DRAFT%2011.19.18.pdf
http://www.smgov.net/uploadedFiles/Departments/PCD/Plans/Local-Coastal-Plan/LUP%20FINAL%20DRAFT%2011.19.18.pdf
http://www.smgov.net/uploadedFiles/Departments/PCD/Plans/Local-Coastal-Plan/LUP%20FINAL%20DRAFT%2011.19.18.pdf
http://www.citylab.com/solutions/2015/12/cop21-paris-climate-catastrophe-bond-hurricane-earthquake/418917
http://www.citylab.com/solutions/2015/12/cop21-paris-climate-catastrophe-bond-hurricane-earthquake/418917
http://www.citylab.com/solutions/2015/12/cop21-paris-climate-catastrophe-bond-hurricane-earthquake/418917
https://tidesandcurrents.noaa.gov/publications/Understanding_Sea_Level_Change.pdf
https://tidesandcurrents.noaa.gov/publications/Understanding_Sea_Level_Change.pdf
http://www.pollutionissues.com/Ec-Fi/Environmental-Racism.html
http://www.fs.usda.gov/treesearch/pubs/50912
http://www.epa.gov/crwu/creat-risk-assessment-application-water-utilities
http://www.epa.gov/crwu/creat-risk-assessment-application-water-utilities


121planning.org AMERICAN PLANNING ASSOCIATION

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  R E F E R E N C E S

———. n.d.b. “Environmental Justice.” Available at www.epa.gov/ 
environmentaljustice.

———. 2016. “Climate Change Indicators: Sea Level.” Available at www.epa 
.gov/climate-indicators/climate-change-indicators-sea-level.

———. 2019. “Water Infrastructure and Resiliency Finance Center.” Avail-
able at www.epa.gov/waterfinancecenter.

U.S. Geological Survey (USGS). 2017. “USGS Groundwater Information: 
Land Subsidence.” Available at https://water.usgs.gov/ogw/subsidence 
.html. 

U.S. Global Change Research Program (USGCRP). 2014. “Heavy Down-
pours Increasing.” In Climate Change Impacts in the United States: The 
Third National Climate Assessment. Edited by Jerry M. Melillo, Terese 
(T.C.) Richmond, and Gary W. Yohe. Available at https://nca2014 
.globalchange.gov/report/our-changing-climate/heavy-downpours 
-increasing. 

———. 2017. “Climate Models, Scenarios, and Projections.” Chapter 4 in Cli-
mate Science Special Report: Fourth National Climate Assessment, Vol-
ume I. Edited by D.J. Wuebbles, D.W. Fahey, K.A. Hibbard, D.J. Dokken, 
B.C. Stewart, and T.K. Maycock. Washington, D.C.: U.S. Global Change 
Research Program. Available at https://science2017.globalchange.gov.

———. 2018. Impacts, Risks, and Adaptation in the United States: Fourth 
National Climate Assessment, Volume II. Edited by D.R. Reidmiller, 
C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, 
and B.C. Stewart. Washington, D.C.: U.S. Global Change Research Pro-
gram. Available at https://nca2018.globalchange.gov. 

Wirtz, Ronald A. 2012. “The Other, Silent Flood.” January 25. Federal Re-
serve Bank of Minneapolis. Available at www.minneapolisfed.org/ 
article/2012/the-other-silent-flood. 

http://www.epa.gov/environmentaljustice
http://www.epa.gov/environmentaljustice
http://www.epa.gov/climate-indicators/climate-change-indicators-sea-level
http://www.epa.gov/climate-indicators/climate-change-indicators-sea-level
http://www.epa.gov/waterfinancecenter
https://water.usgs.gov/ogw/subsidence.html
https://water.usgs.gov/ogw/subsidence.html
https://nca2014.globalchange.gov/report/our-changing-climate/heavy-downpours-increasing
https://nca2014.globalchange.gov/report/our-changing-climate/heavy-downpours-increasing
https://nca2014.globalchange.gov/report/our-changing-climate/heavy-downpours-increasing
https://science2017.globalchange.gov/
https://nca2018.globalchange.gov
http://www.minneapolisfed.org/article/2012/the-other-silent-flood
http://www.minneapolisfed.org/article/2012/the-other-silent-flood


AMERICAN PLANNING ASSOCIATION planning.org122

PLANNING FOR INFRASTRUCTURE RESILIENCE
PA S 596,  AC K N O W L E D G M E N TS

ACKNOWLEDGMENTS

The authors thank the American Planning Association, the Association of State Floodplain Managers, and the National Oce-
anic and Atmospheric Agency for their support and commitment to this report. In particular, we would like to extend our 
gratitude and thanks to Shannon Burke, manager of APA’s Hazards Planning Program, for her oversight and contributions to 
this report; to Bill Brown, pe, for his leadership on this project; to Ann Dillemuth, aicp, for the tremendously helpful feedback 
and guidance in developing this report; and to Rachael Franks Taylor of NOAA’s Office for Coastal Management for not just 
comprehensively reviewing this report but for keeping us on topic and on task. 

We are also grateful for the reviewers who offered critical and much needed comments and edits, including Jim Schwab, 
faicp; Chad Berginnis, cfm, ASFPM; Nicole Faghin, Washington Sea Grant; Andrea Brown, aicp, Michigan Association of 
Planning; Kim Penn, NOAA’s Office for Coastal Management; and Vicki Elmer, phd. 

Thank you to Troy Brundidge, former APA research intern, who contributed invaluable research on infrastructure fi-
nance and environmental justice, and current APA intern Alexsandra Gomez, who aided us in tracking down and securing 
image rights. 

We thank the City and County of San Francisco’s Office of Resilience and Capital Planning for allowing the inclusion of 
its Sea Level Rise Checklist as an appendix to this report.

We would also like to extend our thanks to former APA Research Director David Rouse, faicp, and current APA Research 
Director Petra Hurtado, phd, who have supported both this report and this project since their inception in 2016. 

Finally, thank you to the many planners, floodplain managers, and local practitioners who are working tirelessly to make 
great and resilient communities for all. We sincerely hope that this report is a benefit to you. 







MEMBERSHIP
Includes PAS publications… and more!  

All APA members get digital access to every new Planning Advisory Service publication—each one  
filled with expert guidance on big planning challenges, relevant research, and best practices.   

Members also get unlimited access to:  

 

Learn more at planning.org/knowledgecenter 
Learn more at planning.org/pas

Research KnowledgeBase.  
Hundreds of resources are  

available for download.  
 

APA Library e-book collection.  
Access over 650  

planning titles for free. 
 

Applied  research.  
Get evidence-based practical 

planning tools. 

PASmembership_ad_2019.indd   1 12/31/19   9:36 AM



American Planning Association
205 N. Michigan Ave., Suite 1200
Chicago, IL 60601-5927

planning.org


	PAS596-CoverWeb-2
	PAS596-CoverWeb-2
	PASR - Resilient Infrastructure_final_rev2.pdf
	Editing
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

	PAS596-CoverWeb-2.pdf

