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= Overview of Climate Change & Resilience

We know that the climate in Maryland and
across the globe has been changing and
will continue to change, primarily due to an
increase in the concentration of greenhouse
gases in the atmosphere, which trap the sun’s
energy and increase global temperatures.
Climate change threatens to upend

many of the core assumptions
about climate that agencies rely
on to plan, design, and operate
their infrastructure.

Over the past century, the
climate has been changing in
the Baltimore region. Trends
considered in this white paper
include:

* Temperatures are rising.
Annual temperature in the
region has increased by 0.2°F per
decade, a clear upward trend since 1895
that is expected to increase dramatically.

* Annual precipitation rates are rising. More
precipitation is falling in intense storms. The
Baltimore region will likely experience more
extreme precipitation events over this century.

* Sea levels are rising. Relative sea level
has risen by 1.22 feet from 1928 to 2020,
a trend which will significantly impact the
Baltimore region's shoreline. Nuisance
flooding occurred in Annapolis fewer than 5
days per year in the 1950s, but now occurs
more than 40 days per year. As sea levels
rise and storms become more intense, the
depth and extent of flooding from storm
surges is also expected to be more severe.

Adaptation strategies help agencies

strategies will help make communities more
resilient. If not adapted to, these changes
could lead to increases in flooding, changes
in energy demand, reduced performance of
materials and decreased safety for outdoor
workers. To enhance resilience, agencies must
adjust assumptions to consider climate
projections and incorporate adaptation
measures in their projects and plans.

Vulnerable populations, including
people of color, those who
are low-income, people with

disabilities, children and the
elderly, can feel climate impacts
disproportionately. Climate
hazards often present more
severely in areas with higher
concentrations of vulnerable
populations, and communities that
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are largely low income or people of
color may experience added impacts compared
with populations that do not have these
vulnerabilities. Agencies must keep this in mind
when considering the impacts of climate change.

It is clear that the climate in the region has been
changing, and that conditions will continue to
change. This makes it imperative that the region
adapt and become more resilient. The name of
our Resilience 2050 long-range transportation
plan acknowledges the importance of
resilience. Goals in the plan identify the need
for improved accessibility, mobility, safety,
security, infrastructure maintenance, economic
opportunity and environmental responsibility.
Climate change impacts threaten success in
these goals, and it will become increasingly
important to incorporate resilience strategies.

This white paper provides an overview

proactively prepare for projected of historic and projected changes to -
climate change by addressing climate in the Baltimore region, o
= anticipated 1mpacts to as well as a summary of o .
infrastructure and strategies to develop
assets. Employing resilient transportation
adaptation infrastructure.
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Climate Change & Resilience

Introduction

We know that the climate in Maryland and
across the globe has been changing and will
continue to change. This changing climate is
primarily dueto anincreaseinthe concentration
of greenhouse gases in the atmosphere, which
trap the sun's energy and increase global
temperatures.” Climate change threatens to
upend many of the core assumptions about
climate that agencies rely on to plan, design
and operate their infrastructure. As examples,
potential changes in rainfall patterns could
affect drainage needs and lead to increased
flooding if not adapted to, and increases in
temperatures can lead to changes in energy
demand, materials performance and safety for
outdoor workers.
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To enhance resilience, agencies must adjust
assumptions to consider climate projections and
incorporate adaptation in projects and plans.

This white paper provides an overview of
historic and projected changes to the climate
as well as a summary of strategies to develop
resilient transportation infrastructure.

Historical Climate Trends

Over the past century, the climate has been
changing in the Baltimore region.

« Annual temperature in the region has
increased by 0.2°F per decade; there is a
clear upward trend since 1895 (Flgure 1).2

« Annual precipitation in the region has
increased slightly over the past century
(Figure 2), though more of this precipitation
has been falling in intense storms.?

+ Sea levels in the Chesapeake Bay and
its tributaries have been rising due to
slowly sinking land as well as warming
oceans. Relative sea level, measured at
the Annapolis tide gauge, has risen by
1.22 feet from 1928 to 2020.* Nuisance
flooding (from high tides even during sunny
days) occurred fewer than 5 days per year
in Annapolis in the 1950s but now occurs
more than 40 days per year (Figure 3).5


http://publicinput.com/Resilience2050whitepapers
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Figure 1 - Historical Average Annual Temperature
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Figure 2 - Historical Average Annual Precipitation
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Figure 3 - Historical Sea Level Rise and Nuisance Flooding in Annapolis
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Averaged across
the Baltimore
region with data
from National
Oceanic and
Atmospheric
Administration
(NOAA) National
Centers for
Environmental
Information

Averaged across
the Baltimore
region with data
from National
Oceanic and

Atmospheric
Administration
(NOAA) National
Centers for
Environmental
Information

Source:
University of
Maryland's
Center for
Environmental
Science, Sea-
level Rise:

Projections for
Maryland 2018



https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
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Future Climate Trends

Climate projections for the region were developed
as part of the work for the recently completed
Climate Change Resource Guide. While there
will be some inherent uncertainty in climate
projections (e.g., we cannot exactly predict the
amount of future emissions), it is certain that the
climate is changing, so it is safest and most cost-
effective to start planning for these changes now.

The projections for the climate variables are
provided across three time horizons: near-
term (centered around 2030), medium-term
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(centered around 2050) and long-term (to end of
century). The planning horizon for the upcoming
Resilience 2050 long-range transportation plan
extends through 2050, so projects included in
Resilience 2050 align with the nearterm and
medium-term future for these climate trends.

Changes in Temperature

Temperatures are projected to increase
dramatically in the Baltimore region over the
coming decades (refer to Figures 4, 5 and
6). Each jurisdiction within the region will
experience similar projected changes, although
areas near the Chesapeake Bay will continue
to be warmer compared to the inland areas.

Figure 4 - Annual Temperature Across the Region
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https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
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Changes in Precipitation

The Baltimore region will likely experience more
extreme precipitation events over this century.
Both the 24-hour, 10-year and 100-year rainfall
events® are projected to be heavier, but overall
average annual precipitation is not projected
to increase notably. For example, annual
precipitation is expected to increase by about 3
inches by mid-century. The projections indicate
more precipitation falling in heavy events within
a single day or consecutive days. The projected

Figure 7 - Rainfall During Extreme Events
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Figure 6 - Annual Number of Hot and Cold Days
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changes will be similar across each jurisdiction.
The northern part of the region will continue to
experience greater annual precipitation relative
to the southern portion.

Precipitation increases are expected only
during certain parts of the year. Precipitation is
projected to increase in the winter and spring
months, and stay relatively similar during
summer and fall months. Figures 7 and 8
summarize the shifting precipitation patterns
within the region.

(10-year and 100-year)

EY

Precipitation (inches)

24-hour, 100-year rainfall amount

m 24-hour, 10-year rainfall amount
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Figure 8 - Near-Term Monthly Precipitation
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Figure 8 illustrates the following about monthly result in less precipitation in the form of
precipitation in the near-term. These trends are snow in the shoulder seasons.

similar in mid-century and end-of-century.
» Increased winter precipitation combined
« Average monthly precipitation is projected with shifts in temperatures could result
toincrease slightly,though not substantially. in changes in the number of freeze/thaw
days, which can deteriorate infrastructure.
+ Precipitation is likely to increase in the
winter and spring months, with spring
months exhibiting the highest projected Sea Level Rise and Coastal Storm Surge
total precipitation amounts.
Sea level rise will significantly impact the
» Although precipitation may increase in Baltimore region shoreline, as summarized in
the winter, warming temperatures could Figure 9. Maryland’s coastline will experience

Figure 9 - Projected Relative Sea Level Rise at Local Tide Guages

PROJECTED RELATIVE SEA LEVEL RISE (FEET)
TIDE GAUGE
NEAR-TERM (2030) MID-CENTURY (2050) END-OF-CENTURY (2080)

Baltimore 0.6 (0.4-0.9) 1.2 (0.8-1.6) 2.3(1.6-3.1)
Annapolis 0.6 1.2 2.4

* Values shown are the state of Maryland's projected sea level rise values above 2000 levels. The projected value
represents a central estimate, or the 50% probability that sea level rise is projected to meet or exceed. Values in
parentheses indicate the likely range of projected sea level rise; sea level rise has a projected 67% probability of

being between these values (not specified in the data source for the Annapolis tide gauge). The 2030 and 2050
projections for sea level rise are for RCP 4.5, though there is very little difference between RCP 4.5 and RCP 8.5
over the next 30 years. The 2080 projections are for RCP 8.5. Source: Sea-level rise: Projections for Maryland 2018.



https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
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minor differences in sea level rise across
locations due to local differences in vertical
land movements. Scientists determine relative
sea level rise based on data from tide gauge
stations in the Chesapeake Bay. Two of these
stations are located in the Baltimore region.

Figure 9 indicates it is likely that Anne Arundel
and Queen Anne’s counties will experience
slightly greater increases in relative sea level
compared to other coastal jurisdictions in the
region (which should refer to the projections
from the Baltimore tide gauge).

As sea levels rise and storms become more
intense, the depth and extent of flooding from
storm surges are also expected to become
more severe.
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Interactive maps for the entire Baltimore region
showing inundation depth under different
sea level and storm scenarios are available
in the interactive MDOT SHA Climate Change
Vulnerability Viewer. The viewer can be used
for visualization of potential inundation from
sea level rise and storms.

The illustrative static maps shown in Figure
10 from the Viewer show projected change
in coastal flooding for a small portion of the
region’s coastline. The first map shows the
projected inundation at high tide caused by
sea level rise. The second map shows the
increases in the level of storm surge during a
100-year flood with sea level rise.

Figure 10 - Sea Level Rise Inundation Depths by 2050 (left) and Flood Depths During a 100-Year
Flood by 2050 (right)
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https://www.arcgis.com/apps/webappviewer/index.html?id=86b5933d2d3e45ee8b9d8a5f03a7030c
https://www.arcgis.com/apps/webappviewer/index.html?id=86b5933d2d3e45ee8b9d8a5f03a7030c
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Other Projected Changes in Extreme Weather

Overall, climate change will lead to an increase
in both the frequency and intensity of extreme
weather events in the Baltimore region. The
changes in storms include an increase in the
strength and volume of thunderstorms and
derechos (i.e., windstorms) due to warmer
atmospheric temperatures, which provide
energy to storms. Similarly, scientists expect
that there will be a greater number of strong
hurricanes (i.e., Category 3 hurricanes or
stronger) through mid-century.”

In addition, extreme cold snaps may continue
to occur due to weakened “polar vortex”
events, where cold Arctic air is released to the
continental United States. These weak polar
vortexes could be the result of climate change—-
induced Arctic warming and decreases in sea
ice. The result could be more frequent cold
weather outbreaks in the region.8°101

Current climate models do not provide
quantitative estimates for the degree of
these changes in extremes in the Baltimore
region, but such shifts towards more
extreme weather should nonetheless be on
the radar and included in project planning
and decision-making.

Climate Change Impacts Already
Experienced by Local Agencies

Public works and transportation departments
across the region are already seeing impacts
from a changing climate, including increased
maintenance, damage to infrastructure,
operational impacts and rising costs. Climate
impacts in the region arise from hazards
including heavy precipitation and inland
flooding, coastal flooding, extreme heat and
other extreme weather.

Recent impacts in some jurisdictions may
help illustrate how another jurisdiction may
experience impacts in the future. Across
the whole region, impacts are expected to
be exacerbated given the future climate
projections previously discussed.

In recent years, heavy rain has been perceived
as the most impactful hazard. This finding is
consistent with the Fourth National Climate
Assessment, which indicates that at a regional
scale, the Northeast region of the United States
has experienced a greater recent increase
in heavy precipitation than any other region
in the contiguous United States.’”> As shown
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previously, both the 24-hour 10-year and 100-
year rainfall events are projected to increase
in the future. Aside from heavy precipitation,
flooding in the Baltimore region is becoming
more frequent and more widespread.

It is clear from the climate
projections and recent
observed impacts
that climate change
is exacerbating
impacts across all
hazards, including
heavy precipitation
and inland flooding,
sea level rise and
coastal flooding,
extreme heat and other
extreme weather.

Chapter 3 of the Climate

Change Resource Guide has many
examples of how climate change has

impacted local infrastructure.

Climate Change
Impacts and Social
Equity

Climate change
impacts can be felt
disproportionately by
vulnerable populations,
including people of color,
those who are low-income,
those who have disabilities,
children and the elderly.
Vulnerable populations may have

a difficult time stabilizing during and after
extreme weather events and recovering from
personal property damage. Climate hazards
themselves often present more severely in
areas with higher concentrations of vulnerable
populations, with higher rates of impervious
surfaces and higher temperatures in urban
areas. Communities that are low income or
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predominantly people of color may experience
added impacts compared with populations
that do not have these vulnerabilities. Our
Vulnerable Population Index map shows
locations of vulnerable groups.

Climate Change
Impacts on Budgets
and Financing
Sources

Supporting resilient
transportation infrastructure
includes the ability to fund
operations, maintenance and
adaptation strategies that increase
due to climate impacts. Changes in
climate conditions will increase costs
associated with operations, maintenance
and repair of infrastructure. Examples
range from increased maintenance
costs associated with clearing
of debris from roadways
following extreme storms to
increased energy costs for
facilities cooling during
hot days. Changes in
climate conditions will
shorten the lifecycle
of infrastructure and
increase the need for
rehabilitation  and/or
replacement of capital
infrastructure  sooner
than anticipated.

Additionally,climatechange

is shaping the availability of

financing sources. Public credit rating agencies,
such as Moody’s and Standard & Poor’s, have
recently integrated climate change into their
evaluation of credit for governments. These
new credit rating considerations are meant to
reflect potential impacts of extreme weather
and changing climate conditions on the financial
health of governments and ability to repay.


https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
https://bmc.maps.arcgis.com/apps/webappviewer/index.html?id=b1e22c0caa7644ccb58484b00610712f
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Credit rating agencies are increasingly paying
attention to the vulnerability of jurisdictions
and states to climate change and their ability to
manage climate impacts.

As such, climate adaptation efforts can help
ensure that credit ratings are not downgraded,
maintain or even improve bond ratings, save
millions of dollars for taxpayers and boost
availability of money for infrastructure projects.

Climate Adaptation Strategies

Adaptation strategies help agencies proactively
prepare for projected climate change by
addressing anticipated impacts to infrastructure
and assets. Employing adaptation strategies
will help make communities more resilient.

Adaptation measures help reduce vulnerabilities
over the long-term that would otherwiseresultina
short-term emergency response. Climate change
will increase the demand for emergency services
and disaster management, though proactive
climate adaptation measures will help to reduce
mounting impacts under a changing climate.

Adaptation strategies can be incorporated
at various stages of infrastructure lifecycle
and across various functions, which include
Planning, Design/Constructionand Operations/
Maintenance/Worker Safety.

Coordinationacrossagenciesandjurisdictions
is a vital component of adaptation planning.
Climate impacts, such as flooding, are not
confined within jurisdictional boundaries and
some adaptation strategies may be more cost-
effective through joint solutions. Furthermore,
one decision to positively impact resilience
could have a negative impact on other
priorities or decision-making. For example,
installing green infrastructure is a strategy to
manage stormwater, but road salt to address
snow and ice in the winter could be harmful
to vegetation and would require re-planting
every year at a high cost.

There is a wide range of climate adaptation
strategies for public infrastructure and many
examples are provided in Chapter 5 of the
Climate Change Resource Guide. Many of
these strategies have been implemented
in the region or state. Following are several
case studies that illustrate how adaptation
strategies can be used.



https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
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Cross.cqtting Stfategy: :
Resilience in Capital Improvement Programs

Ensure that municipal capital investments can continue to deliver infrastructure
services in the face of climate change by identifying resilience design modifications for

proposed capital projects.

Strategy Overview

Integrating resilience into Capital
Improvement Programs (CIPs) entails asking
project managers to:

1. ldentify how a proposed capital investment
might be impacted by future climate
conditions.

. ldentify potential design modifications
that could bolster the resilience of the
project and appropriately budget for the
selected resilience modification.

For example, the scope for an emergency
generator capital project could be modified to
include installation on an elevated platform
to ensure that it remains operable during
heavy storms and will not need to be replaced
because of flooding. As another example, the
scope for a mechanical equipment capital
project could be modified to include shading
to reduce overheating during very hot days.

This strategy can apply to all CIP projects,
including maintenance for existing assets as
well as construction of new assets.

By considering how and when existing
assets may be affected by climate
change, local governments can plan
for rehabilitation, relocation and/or
replacement.

New projects can be proactively designed
for resilience, saving money and effort in
the long run.

Example: City of Frederick, MD'3

Frederick is developing a guide for project
managers to integrate resilience into the CIP
after the city issued a Climate Emergency
Resolution that committed the city to
consider all significant municipal actions
through the lens of climate change. The
guide lays out step-by-step instructions and
resources to help project managers integrate
resilience into CIP submissions by identifying
and addressing climate change risks to a
project (assessing sensitivity and exposure
and then modifying project scope to address
climate risks); identifying opportunities for
adding climate resilience and greenhouse
gas mitigation measures that would benefit
the city as a whole; documenting the
climate considerations in existing municipal
project submission forms; and ensuring that
resilience carries into project implementation
(including sample RFP language). The goal
of this Resource Guide is to help department
staff comply with the Climate Emergency
Resolution and proactively build the resilience
of the city’s investments.

Examples in the Baltimore region:

City of Baltimore
Queen Anne's County
City of Annapolis



https://www.baltimoresustainability.org/wp-content/uploads/2021/10/CRS510_2021_Package.pdf
https://www.qac.org/DocumentCenter/View/5456/QAC-Sea-Level-Rise-and-Coastal-Vulnerability-Assessment-and-Implementati?bidId=
https://www.annapolis.gov/DocumentCenter/View/11577/City-of-Annapolis-Resilience-Financing-Assessment---University-of-Maryland-School-of-Public-Policy-Center-for-Global-Sustainability-PDF
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Crosscutting Strategy:

Climate Resilience Design Guidelines

Climate resilience design guidelines ensure that new infrastructure is designed and
existing infrastructure is retrofitted, using data on future climate conditions.

Strategy Overview

Traditional infrastructure design guidelines rely
on the idea of climate stationarity — meaning
the climate conditions that the infrastructure
will experience will be similar to historical
climate conditions.

Climate change means that this assumptionis no
longer true and that we cannot rely on historical
conditions to accurately predict the future. With
this in mind, locally developed climate resilience
design guidelines and standards can help ensure
that infrastructure will be built to withstand future
conditions, such as higher temperatures and
more intense and/or frequent floods.

Although there is currently a lack of nationally
adopted standards for resilient infrastructure,
jurisdictions can develop standards and
guidelines that are specific to each one’s unique
context and needs. For example, Maryland's
Coast Smart Construction Program (described
in Chapter 4 of the Climate Change Resource
Guide) is an example of flood-related siting and
design standards that takes into account future
sea level rise above the Federal Emergency
Management Agency’s base flood elevation.

Example: New York City™

New York City developed Climate Resiliency
Design Guidelines to provide step-by-step
instructions on how to apply climate change
data in the design of municipal facilities. The
guidelines apply to all city capital projects to
protect the city’s public investments into the
future. The guidelines provide:

» Climate projections to incorporate
into design

» Instructions for determining the useful
life of capital projects and the corresponding
timeframe for the future climate projections

» Advice on managing uncertainty (e.g.,
through adaptable design that can be
modified or augmented over time)

» Project-specific considerations (e.g.,
financing requirements, interdependencies
between services or resources, existing
hazard mitigation projects and risk studies,
as well as operations and maintenance)

The Climate Resiliency Design Guidelines also
provide detailed guidance on core resilience
design elements for a number of climate
hazards:

» Temperature—minimize contributions
to the urban heat island effect; minimize
impact to the asset from increasing
temperatures

» Precipitation—consider  precipitation
design adjustments for on-site stormwater
systems; incorporate climate change
projections into the city’s drainage planning

» Sea level rise—address risks in the
current floodplain; address risks in the
future floodplain given sea level rise

The guidelines also emphasize equity as part of
the design process, because climate impacts
are often felt most severely by vulnerable
populations.



https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
https://www.baltometro.org/sites/default/files/bmc_documents/general/transportation/climate-change/Climate%20Change%20Resource%20Guide.pdf
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Case Study: Installing Green Infrastructure When
Upgrading Road and Stormwater Infrastructure

Reduce stormwater runoff and temperatures
while gaining other community co-benefits.

Green infrastructure can help to infiltrate
and filter rainwater, minimize local flooding,
reduce the urban heatisland effect, improve
air quality and create a more welcoming and
greener neighborhood. Green infrastructure
Includes solutions such as bioswales,

Page 12

porous pavement, rain gardens, rain barrels
and green roofs.

Green infrastructure is an important tool for
handling stormwater runoff onsite rather
than allowing the water to flow elsewhere,
potentially causing flooding or sewer
overflows. Some of the key locations where
green infrastructure can be integrated are

along the roadways through curb extensions
and by planting strips that are designed as
bioswales and rain gardens.
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Local and State Resilience Efforts

Most jurisdictions in the region have identified
a staff person to lead its jurisdictional
resilience/sustainability efforts. Staff in
these positions work closely across agencies
to educate about the need for adaptation
and resilience as well as provide support
on the development and implementation
of resilience/adaptation projects. Many
jurisdictions have climate adaptation plans
that provide a holistic approach to addressing
climate impacts. Anne Arundel County and
the City of Annapolis partnered to establish
a Resilience Authority to finance and support
the construction of resilient infrastructure.
Maryland state government continues to be
a leader in preparing for climate change, with
resilience efforts throughout its agencies.
Transportation infrastructure has been a
focus of the local and state resilience work.

Importance of Regional Resilience
frorts

For many years, BRTB work has included

reducing emissions and improving _air
quality. More recently, work has expanded

to include adaptation, such as the Climate
Change Resource Guide and follow up
recommendations for its implementation and
for enhanced interjurisdictional coordination on
resilience. Regional resilience efforts related to
transportation will continue to be closely linked
to and supportive of local and state work.
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With a renewed focus on climate change
and resilience at the national level, there are
various new programs and sources of funding,
such as through the 2021 Infrastructure
Investment and Jobs Act and other programs,
that directly support enhanced resilience. We
have been following these programs and will
work with public and private partners to apply
as appropriate.

It is clear that the climate in the region has
been changing, and conditions are predicted to
keep changing, including higher temperatures,
longer heat waves, more frequent flooding,
more frequent and more severe weather
and rising sea levels. These conditions
make it imperative that the region adapt
and become more resilient. The importance
of resilience is acknowledged in our long-
range transportation plan, aptly named
Resilience 2050. Goals in the plan identify
the need for improved accessibility, mobility,
safety, security, infrastructure maintenance,
economic opportunity and environmental
responsibility. Impacts from climate change
threaten our meeting these goals, and it will
become increasingly important to incorporate
strategies to enhance resilience.


https://www.aacounty.org/news-and-events/news/county-executive-county-councilmembers-mayor-of-annapolis-issue-statement-on-passage-of-resilience-authority-legislation
https://baltometro.org/sites/default/files/bmc_documents/general/transportation/long-range/2050/WP_Jun2022_air-quality.pdf
https://baltometro.org/sites/default/files/bmc_documents/general/transportation/long-range/2050/WP_Jun2022_air-quality.pdf
http://publicinput.com/Resilience2050whitepapers
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