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Table 1. Glossary of key terms

Term Definition

Adaptation
BIPOC
Climate hazard

Consecutive dry days
Consequence

Cooling degree days (CDD)
Critical threshold

Environmental Justice (EJ)
areas

Emission scenario

Exposed areas

“Extremely hot”
temperature

Growing degree
days (GDD)

Heating degree
days (HDD)

Likelihood
Mitigation

Shared Socioeconomic
Pathways (SSPs)

“Very hot” temperature

Vulnerable populations

3-day precipitation

The process of adjusting to the effects of climate change to build long-term resilience. Adaptation may include changing behavior,
adapting infrastructure, supporting natural systems and more.

Black, Indigenous, and people of color (BIPOC); this is a term for certain ethnicities that are a minority within the United States.

Changes or events related to global climate change. Climate hazards can be discrete (e.g., severe storms) or ongoing (e.g., increasing
average temperatures).

Number of days in a row when precipitation is equal to O mm.

A measure of the severity of impacts from a climate hazard.

Cumulative degree difference between average daily temperature (Tavg) and 65°F when Tavg > 65°F.
A defined tipping point for an ongoing hazard at which significant impacts occur.

A geographic area characterized by increased pollution burden, and sensitive or vulnerable populations based on demographic and
environmental data. EJ areas in Pennsylvania are defined through DEP’s EJ Policy at the census block group level in the
PennEnviroScreen tool based on more than 30 environmental, health, and socioeconomic indicators.

Used for representative concentration pathway to describe scenarios of projected greenhouse gas emissions and atmospheric
concentrations used in climate modeling.

Geographic areas projected to be affected by climate change based on climate change projections.

99t percentile maximum daily temperature reported in degrees.

Cumulative degree difference between average daily temperature (Tavg) and 50°F when Tavg > 50°F.

Cumulative degree difference between average daily temperature (Tavg) and 65°F when Tavg < 65°F.

The probability or expected frequency a climate hazard is expected to occur.

There are two types of mitigation: greenhouse gas mitigation, or the reduction in greenhouse gas emissions that drive global climate
change, and hazard mitigation, the investment in physical or operational strategies to reduce known vulnerabilities and risks.

Scenarios of projected greenhouse gas emissions, socioeconomic situations, and atmospheric concentrations used in climate
modeling. SSP 5-8.5 represents a global “unabated” scenario and SSP 2-4.5 represents a lower, “middle of the road”, emission scenario.

95t percentile maximum daily temperature reported in degrees.

Populations more likely to experience adverse impacts from exposure to climate hazards because of demographics factors (e.g, race,
gender), socioeconomic status, and life- or livelihood-sustaining needs (e.g., dependence on electricity for critical medical care).

Largest total precipitation gotten over the course of three consecutive days. The value is calculated for a given time period (e.g., season

or year).


https://www.dep.pa.gov/PublicParticipation/OfficeofEnvironmentalJustice/Pages/PA-Environmental-Justice-Areas.aspx

Executive Summary

Climate change is already affecting Pennsylvania. From intense storms
and floods to air quality emergencies, climate change is influencing
weather events and is posing serious economic, health, and equity
impacts across the Commonwealth. The Pennsylvania Climate Change
Act (Act 70 of 2008) requires the Department of Environmental
Protection to update the Climate Impacts Assessment and Climate
Action Plan regularly. This report provides this update of the Climate
Impacts Assessment for 2024 and reviews current scientific findings
and climate projections to identify relative risks which can be used to
inform priority adaptation needs in the Climate Action Plan. This report
is not a comprehensive or prescriptive assessment of all potential
climate risks and impacts to Pennsylvania.

Projected Climate Changes

The 2024 Climate Impacts Assessment presents climate projections
based on the latest available downscaled climate model data. These
projections have been updated from prior versions of this report,
and the situation for Pennsylvania remains the same: Pennsylvania is
expected to get hotter with dangerous heat waves and droughts
while at the same time experiencing more intense storms and
damaging flooding. There will also be changes along its coastlines,
including those of the Delaware Valley Estuary and Lake Erie.! Many
impacts will be felt statewide, while other hazards will impact regions

Executive Summary 1



By mid-century, key expected changes compared to a historical
1971-2000 baseline of climate conditions include:

The average annual temperature statewide is rising, and is
expected to increase by 6.7°F (3.7°C).

There will be more frequent and intense extreme heat events. For
example, temperatures are expected to reach at least 90°F on
36 days per year, up from the five (5) days during the historical
baseline period (see Figure1). The number of days reaching
temperatures above 95°F and 100°F will become more frequent as
well.

Increasing temperatures will continue to alter the growing season
and increase the number of days that people need to cool their
homes and workspaces, but will also decrease the number of
days that people will need to use heating.

Pennsylvania is expected to receive more total average rainfall,
occurring in less frequent but heavier rain events. Extreme rainfall
events are projected to increase in magnitude, frequency, and
intensity (Figure 1) and drought conditions are also expected to
occur more often.

Tidally-influenced flooding is expected to increase in the
Delaware Estuary Coastal Zone due to sea level rise and storm
surge from more intense storm events.

Lake Erie is also expected to undergo significant changes in water
level, coastal erosion, and water temperature.

Increasing average temperatures and extreme heat events could
affect nearly every aspect of life in the Commonwealth, from
infrastructure design to energy costs, recreational opportunities,
agricultural practices, and the natural environment.

Figure 1. Observed and projected annual days with temperatures
above 90°F (left) and “very heavy” precipitation (right)

Historical Baseline (1971 — 2000) Historical Baseline (1971 — 2000)

Mid-Term (2041 - 2070) Mid-Term (2041 - 2070)

drm

Y 4

Late-Term (2070- 2099)

Days per year over baseline 95t
percentile precipitation

Days per year with temperatures
over 90°F

<=10days [l >14 - 16 days
>10-12days M > 16 days
> 12 - 14 days

<=22days B >22-43 days
>22 - 43 days [l > 43 - 65 days
> 43 - 85 days

Temperature and precipitation projections based on 50" percentile of 23-model
ensemble of LOCA downscaled data, SSP 5-8.5.
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Key Terms

Risk—The chance a climate hazard will cause harm. Risk is a function of the
likelihood of an adverse climate impact occurring and the severity of its
consequences (e.g., Risk = Likelihood x Consequence).

Climate hazard—Changes or events related to global climate change.
Climate hazards can be discrete (e.g., severe storms) or ongoing (e.g.
increasing average temperatures).

Impact—The effect of a climate hazard.

Likelihood—The probability or expected frequency a climate hazard is
expected to occur.

Consequence—A measure of the severity of impacts from a climate hazard.

EJ areas—A geographic area characterized by increased pollution burden,
and sensitive or vulnerable populations based on demographic and
environmental data. EJ areas in Pennsylvania are defined at the census
block group level based on more than 30 environmental, health, and
socioeconomic indicators.

Risk Assessment Approach

This Impacts Assessment evaluates the likelihood and
consequences of six climate hazards:

m Increasing average temperatures

m Heavy precipitation and inland flooding

m Heat waves

m Landslides

m Sea level rise

m Severe tropical and extra-tropical cyclones.

The assessment focuses on how climate change is impacting
hazards at mid-century and end-of-century at the state level and
takes into consideration regional variations (e.g., urban or rural,

proximity to waterways), as well as the economic, health, and equity
considerations of these impacts. The assessment examines the
severity of consequences in the following categories:

® Human health

m Environmental justice and equity
m  Agriculture

m Recreation and tourism

m  Other economic activity

m Forests, ecosystems, and wildlife
m Built infrastructure

The Impacts Assessment also includes an analysis of environmental
justice (EJ) and equity considerations as climate change can impose
a disproportionate burden on the most vulnerable communities and
populations in society. The assessment evaluates impacts within
Department of Environmental Protection (DEP) defined EJ areas
which include more than 30 environmental, health, and
socioeconomic indicators to evaluate a range of factors that could
drive differential or inequitable distribution of climate impacts in
communities across the state.

Climate Risk Assessment Results

The risk assessment revealed several key findings:

m Flooding is currently the highest-risk hazard facing Pennsylvania,
and flood risks are projected to increase. At the same time, risks
from increasing average temperatures and heat waves could rise
to be as high as flooding is today by mid-century.

m Flooding from heavy rain events affects built infrastructure, human
health, and agriculture, with ripple effects throughout the economy.

m Heat waves will become increasingly common and will create
particular health and economic risks for vulnerable populations,

Executive Summary 3


https://www.dep.pa.gov/PublicParticipation/OfficeofEnvironmentalJustice/Pages/PA-Environmental-Justice-Areas.aspx

including low-wealth and low-income populations, the elderly,
pregnant people, people with certain mental health conditions,
outdoor workers, and those with cardiovascular conditions. These
risks will be particularly acute in areas subject to the urban heat
island effect and for populations without access to air conditioning.

Landslides and sea level rise pose relatively low risks statewide
but can cause severe impacts in the locations where they occur.
For example, sea level rise in the Delaware Estuary could
drastically change the estuary's ecology and threaten the built
infrastructure near the tidal zone. Landslides cutting off critical
transportation routes can have severe consequences, particularly
in rural areas.

Severe tropical storms, flooding, and landslides already pose risks,
and these could become more likely or severe in the future.
Pennsylvania has an opportunity to build on its existing hazard
mitigation practices for these risks.

Climate change will not affect all Pennsylvanians equally. Some
may be more at risk because of their location, socioeconomic
status, housing situation, health vulnerabilities, or other factors.
Pennsylvania should also take care that these inequitable impacts
are addressed and that adaptation efforts do not inadvertently
exacerbate inequities.

For gradual onset climate changes, such as rising average
temperature, Pennsylvania has an opportunity not only to reduce
potential harm, but also to capitalize on potential positive
changes. This is particularly true for rising average temperature,
which could enable the cultivation of warmer-weather crops
during an extended growing season, expansion of the
warm-weather recreation and tourism economy, and reduced
wintertime heating energy demand.

Climate Impact Spotlights

New for the 2024 Climate Impacts Assessment are spotlights on key
issues affecting the Commonwealth. Climate change induced changes
such as severity of storms, floods, winds, heat, and increased frequency
of landslides and sinkholes are likely to have cascading effects. The
three spotlights, summarized in Table 2, describe some of these
cascading effects on human health and the built environment.

Table 2. Key issue spotlight summaries

Hazard Threat

Flooding impacts to air quality and health

Flooding poses a threat e Deep and quickly EJ communities have
to human health moving flood waters higher flood risks
e Cascading impacts to
air quality and health
e Disease from
contaminated drinking
water or other sources
Heat impacts to occupational exposure and public health

Air pollution, increasing e Dehydration, heat e Qutdoor workers
extreme heat events, cramps, heat exhaustion, (27% of

and extended heat heatstroke, and Pennsylvania’s
waves can stress the hyperthermia. workforce) are more

Differential Impacts

human body and cause e Accidental injury, exposed

long-term harm to the particularly in outdoor e People over the age

heart and lungs workplace of 65 are more at
risk

e Pregnant people
and fetuses are
more vulnerable

Climate change impacts to energy resilience
More extreme weather e Physical damage to grid  Low-income
will make power infrastructure communities are
outages more frequent, e High temperatures may  disproportionately
widespread, and overload the grid and impacted and
disruptive cause blackouts experience more
e Power outages occurring frequent blackouts

at the same time as

extreme heat or cold

can expose individuals

to climate hazards
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Figure 2. Total consequences by hazard (sorted lowest to highest overall risk)

Total Consequences

.-ﬁ
1115

Increasing Heavy Heat Waves Landslides
Average Precipitation and
Temperatures Inland Flooding

Economic Opportunities

The impacts of climate change may also provide positive
opportunities for Pennsylvania. Climate adaptation and mitigation
investments may also represent an opportunity to drive economic
growth and equity in the Commonwealth.

m In agriculture, farmers can explore new streams of income by
situating renewable energy installations, such as solar arrays, on
less productive farm property and by taking advantage of the
federal investments in carbon sequestration Farmers may benefit
from some additional crop yields and more agricultural jobs that
come from a longer growing season.

m Communities can build outdoor recreation opportunities as
climate change increases the length of the warm-weather
season. Investment in green spaces can create jobs for locals to
manage green projects in their area while increasing equitable
access to nature, improving stormwater management, and
reducing the urban heat island effect.

® 2050 Risk Score (Likelihood x Consequence)

Extreme
® Human health
® Environmental justice and equity

High
| Agriculture

m Recreation and tourism
Other economic activity
Medium .
m Forests, ecosystems, and wildlife
Built infrastructure
Low

SealevelRse  Severe Tropical

and Extra-Tropical
Cyclones

Transitioning to low-carbon energy sources can provide research
and development jobs while providing new streams of income for
property owners hosting clean energy projects. These adaptation
measures can lower energy costs to residents and businesses.

As Pennsylvania invests in projects to adapt to climate change, an
emphasis on equity is necessary to ensure that adaptation benefits
reach the most vulnerable communities.
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Conclusions and Recommendations

Increasing average temperatures and heavy precipitation and inland
flooding emerged as the two highest-risk hazards by mid-century.
Both hazards could affect the entire state and all sectors (Figure 1
and Figure 2). Increasing temperatures have the highest
consequences for human health and for environmental justice and
equity, especially in urban areas. Heavy precipitation and flooding
could also have severe consequences for human health, agriculture,
and built infrastructure, with populations, farms, and infrastructure
located in or near floodplains particularly at risk.

Climate hazards can affect human health, alter the built environment,
and limit access to care and resources such as electricity that
individuals have come to rely on. The direct and indirect impacts of
climate hazards do not dissipate after a hazardous event but
continue to have far reaching impacts long after the fact.

Climate change does not affect all Pennsylvanians equally, and this was
a focus throughout this risk assessment. Some communities may be
more vulnerable to impacts because of their location, and some
populations may be more at risk because of housing, health,
socioeconomic, or other factors. Certain populations have greater
physical exposure to risks (e.g., outdoor workers may be more exposed
to heat waves) or have limitations on their ability to manage
consequences if they occur (e.g., low-wealth may hinder ability to pay
for air conditioning and low-wealth communities may not have equal
capacity to apply for resilience-building grants). Consequences of
historical discriminatory practices in BIPOC (Black, Indigenous, and
people of color) communities (e.g. redlining, disinvestment) remain
manifest today, with BIPOC communities disproportionately living in
housing that is particularly susceptible to climate hazards.

Climate risks and related impacts in Pennsylvania could be severe,
potentially causing increased infrastructure disruptions, higher risks

to public health, economic impacts, and other changes, unless
actions are taken by the Commonwealth to avoid and reduce the
consequences of climate change.

As Pennsylvania works to respond to climate change, it has an
opportunity to take advantage of adaptations to adapt and build
new industries and workforces. These opportunities may take the
form of shifts in agricultural practices, built environment projects
that revitalize communities, or building renewable energy
infrastructure to power a green transition. Pennsylvania can use this
as a chance to reinvest in communities that are the most vulnerable
to climate change and that have been previously overlooked in
development. Such an investment would mirror nationwide efforts
under the Justice4O initiative to ensure that 40 percent of federal
investments responding to climate change are dedicated to such
communities.?

Climate risks will continue to grow and change beyond mid-century.
Although this assessment focuses on the likelihood and
consequences of each hazard in the mid-century time horizon,
Pennsylvania must also consider risks for infrastructure and other
planning processes that require assumptions about conditions in
the late 21°* century and beyond.

Executive Summary 6



1.1 Purpose and Objectives

The Pennsylvania Climate Change Act (Act 70 of 2008) requires
Pennsylvania to improve its understanding of, and approach to,
addressing and adapting to the causes and impacts of climate
change. The Act requires the Pennsylvania Department of
Environmental Protection (DEP) to update the Pennsylvania Climate
Impacts Assessment (Impacts Assessment) and Climate Action
Plan (CAP) regularly. Impacts assessments provide an understanding
of the state of the science concerning the range of significant
climate change hazards facing Pennsylvania, such as flood events
and increasing temperatures. Figure 3 summarizes the impacts
assessments completed and in progress.

Climate change impacts create a variety of risks across sectors,
resources, and populations. The 2024 Impacts Assessment is
designed as a risk-based assessment to directly inform the CAP by
helping decision makers identify meaningful and prioritized
adaptation actions.
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Figure 3. Timeline of Pennsylvania Climate Impacts Assessments

The first impacts assessment
examined the effects of climate
change on water resources, forests
and wildlife, aquatic ecosystems
and fisherigs, agriculture, energy,
human health, tourism and outdoor
recreation, and insurance and
€COonomic risk. (CMIP 5).

2009 2015

The 2015 update was

the most up to date
climate literature and
simulatfions from the
Coupled Model

based on what was then

Infercomparison Project 5

The 2021 update provided
risk-based assessment of
impacts across hazards and
sectors to inform priority
adaptation areas. It
emphasized evaluation of
equity and health

The 2024 update
includes the most
recent literafure and
simulations from the
Coupled Model

implications of climate Intercomparison
change impacts. Project 6 (CMIP ).
2021 2024

A—'_A__'_A__A

2013

The first update relied on
the most recent literature
and simulations from the
North American Regional
Climate Change
Assessment Program.

This Impacts Assessment presents impacts by hazard (e.g.,
increasing average temperatures, sea level rise) rather than by
sector, as was done in past impacts assessments. Each hazard is
then broken down by consequence category to allow for easier
prioritization and comparison between different climate risks. The
consequence categories in this assessment align with the sectors
specified in Act 70 and key concepts addressed in the CAP:

m Human health

m Environmental justice and equity
m Agriculture

m Recreation and tourism

m  Other economic activity

m Forests, ecosystems, and wildlife
m Built infrastructure

2020
The 2020 report focused on
high-risk sectors: livestock
production, watershed
management sirafegies
and water quality,
infrastructure, and
precipitation changes.

To evaluate the environmental justice and equity impacts for each
hazard, this 2024 Impacts Assessment includes analysis that seeks
to answer two key questions:

m  What populations may be most vulnerable to climate hazards?

m To what extent are climate changes projected to affect
communities that are already overburdened with environmental,
economic, health, or other concerns?

Finally, in this 2024 Impacts Assessment, the assessments include
supplemental discussion and analysis of three spotlight issues that
have been relatively less understood or under-studied in previous
iterations of the Impacts Assessment: Flooding, Air Quality and
Health impacts; Heat and Public Health; and Climate Change and
Energy Resilience.
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Overall, the Impacts Assessment’s risk-based method produces a
prioritized list of risks and impacts. It also identifies the relative
timing and severity of expected impacts. These outputs directly
inform priority adaptation strategies in the CAP and the lead times
needed for adaptation.

1.2 Scope

The Impacts Assessment and risk assessment ratings focus on
mid-century (2050) risks at the state level, with discussion of
regional variations (e.g, urban or rural, proximity to waterways),
populations, industries, or other areas disproportionately affected.
Although risks are evaluated and rated from present-day to
mid-century, the assessment also describes potential impacts
through the 21t century and provides climate projections for late in
the 21t century (2090).

The Impacts Assessment evaluates risks posed by climate change
for the following hazards:

m Increasing average temperatures

m Heavy precipitation and inland flooding
m Heat waves

m Landslides

m Sea levelrise

m Severe tropical and extra-tropical cyclones

Scope of Impacts Assessment

This Impacts Assessment focuses on impacts of climate change that
occur within the borders of Pennsylvania; however, climate changes
outside of our borders can still have effects within the
Commonwealth. These are discussed in Section 2.9 and highlighted
in call-out boxes or throughout the Impacts Assessment as

appropriate.

The six selected hazards represent the hazards expected to affect
the Commonwealth most significantly. Other hazards noted in
previous impacts assessments (short-term drought, saltwater
intrusion, sinkholes, snowstorms and snow cover, and stormwater
management) are folded into the selected hazards where
appropriate but are not covered in depth.

The glossary in Table 1 defines the key terms used throughout the
report. APPENDIX A provides more details on the risk assessment
process and the approach to analyzing environmental justice and
equity impacts. APPENDIX B provides the full detailed risk
assessment, with detailed evaluations of impacts by hazard and
consequence type. Finally, APPENDIX C provides additional
information on the climate data analysis, including detailed
methodology and additional data.
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» ' Expected Climate Changes in
Pennsylvania

2.1 Key Findings

The climate projections presented in this chapter could have
significant impacts across the Commonwealth that are discussed at
length in the remainder of this document.

The latest climate projections reinforce conclusions from prior
impacts assessments that Pennsylvania is expected to continue to
experience an impactful increase in both temperature and serious
precipitation events over the coming decades. The critical
increases in average temperatures will translate to more frequent
and dangerous heat events, such as the heat waves experienced in
the summer of 2023. Precipitation patterns are also expected to
change, resulting in periods of drought as well as more frequent or
extreme heavy rain events, which can cause more frequent and
extreme flooding. Coastal flooding will also continue to increase in
Pennsylvania's coastal areas, both in the Delaware River and Estuary
and along Lake Erie.

Expected Climate Changes in Pennsylvania 10



2.2 Overview of Key Updates

The 2024 Pennsylvania Climate Impacts Assessment is based on
updated climate projections that leverage the latest Global Climate
Model (GCM) data for the state of Pennsylvania. These present
updated climate projections based on the latest available
downscaled climate model data. These projections are calculated
using the Localized Constructed Analogs Version 2 (LOCA2)
downscaled Coupled Model Intercomparison Project
Phase 6 (CMIPG) Global Climate Models, which includes daily
temperature and precipitation projections for 23 model simulations
at a 6 km by 6 km spatial resolution. The 23-model ensemble was
used to reduce uncertainty by aggregating the projections from all
individual models into one projection. This assessment presents
results from two Shared Socioeconomic Pathway (SSP) scenarios
(SSP 2-4.5 and SSP 5-8.5, see box at right) to represent the range of
possible climate futures. For simplicity and to take a risk-averse
approach, maps and some figures show projections from only the
SSP 5-8.5 scenario (unless otherwise noted), but projections from
the range of scenarios are provided throughout the report. With this
information, Pennsylvania can prepare for all possible climate events
that may affect the Commonwealth. Full results from both SSP
scenarios are included in APPENDIX C.

This assessment suggests that Pennsylvania is expected to continue
to experience an impactful increase in both temperature and
serious precipitation events. Temperature projections indicate that
Pennsylvania will see a critical increase in average annual
temperature as well as increasing frequency and intensity of
dangerous heat events. Precipitation projections show that the
Commonwealth will see a significant increase in average annual
precipitation. Extreme precipitation events and drought events will
also increase due to rainfall falling in fewer but more extreme events.

Introduction to CMIP6 and Shared Socio-Economic
Pathways (SSPs)

This report uses data from the latest global climate model projections, known
as the Coupled Model Intercomparison Project phase 6 (CMIP6). The CMIP6
projections use future greenhouse gas emission scenarios known as Shared
Socioeconomic Pathways (SSPs). The SSPs are the new global standard set of
climate model emission pathways as of 2022, replacing the Representative
Concentration Pathways (RCPs) readers may be familiar with. The SSPs are
future narratives that reflect different socioeconomic development
strategies and climate policies that may be undertaken globally. SSPs are
based on a comprehensive assessment of the literature on future
socioeconomic development as well as expert judgment. This report utilized
two SSPs to represent the range of possible climate futures:

e SSP2-45: A “middle of the road” emissions scenario where CO:
emissions are maintained at current-day levels until approximately 2050
and then decline to near zero by 2100. This scenario limits warming to 3°C.

e SSP 5-8.5: An “unabated” emissions scenario where CO, emissions
continue to increase until late into the 21°* century when CO2 emissions
begin to level off. In this scenario, warming exceeds 4°C.

This updated iteration of the Pennsylvania Impacts Assessment uses the
recently published CMIP6 data to project a range of temperature and
precipitation variables. All methods for variable calculation were kept
constant with the previous iteration of the Assessment to allow for direct
comparability between projections.

The updated CMIP6 projections demonstrate strong spatial alignment with
the previous CMIP5 projections, and state-wide temperature and
precipitation averages are almost identical between the two datasets.
Research indicates that the CMIP6 models better project a range of
precipitation variables, particularly those that capture extremes.
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The updated climate model analysis shows very similar projections
for overall increases in average annual temperature and precipitation
when compared to the 2021 assessment (see text box, bottom
right).

The 2024 Impacts Assessment includes updated projections for
more detailed climate variables and thresholds pertaining to key
sectors and impacts. For example, projections are provided below
for cooling and heating degree days (measures of energy use), days
above extreme heat thresholds relevant for public health and
agriculture, growing degree days, extreme precipitation, and more.

APPENDIX C gives details on the data sources and methods used for
projections.

2.3 Temperature Changes

2.3.1 Key Findings

Temperatures are already rising and will continue to rise rapidly in
Pennsylvania. Although temperatures will continue to be variable
year-to-year, average annual temperature statewide is expected to
increase by 6.7°F (3.7°C) by mid-century and 10.4°F (5.8°C) by
end-of-century from a historical baseline time period of 1971-2000.
Average annual temperature has already risen approximately 1.2°F
from 2000 to 2023.

Increasing average temperatures will cause more frequent and
intense dangerous heat events such as hot days or heat waves. For
example, days per year where temperatures reach at least 90°F are
expected to increase from five (5) days at baseline to 23-36 days by
mid-century and 40-70 days by end-of-century, depending on SSP
scenario. Some parts of the state could experience over 75 days
over 90°F by mid-century. For context, from June-September 2023,

Climate Change Beyond 2100

Given that climate change is influenced by a multitude of factors,
including greenhouse gas emissions, natural variability, and human
actions, Global Climate Models currently only project out to the
year 2100. Projecting beyond the year 2100 introduces greater
uncertainty due to the inherent complexity of the Earth's climate
system, as well as the uncertainty surrounding future emissions
scenarios and societal responses to climate change.

As such, the Pennsylvania Climate Impacts Assessment only models
climate change through 2100; however, the climatological trends
discussed throughout the report are expected to continue far
beyond the turn of the century. Beyond this time horizon, the Earth
will likely see continued warming, increased sea level rise, and
heightened intensity and frequency of extreme events.

Impacts Assessment Mid-Century
Projections: 2021 versus 2024 Impacts Assessments

2021 2024
Average annual temperature +5.9°F +6.7°F
Average annual precipitation +8% +9%

Projections are statewide averages for a mid-century time period
of 2041-2070 vs. a historical baseline time period of 1971-2000.

This impacts assessment shows increases in the expected rise of
temperature and precipitation by mid-century. These changes are
due to updates in climate data and models from the integration of
the latest projections through CMIP6.

Expected Climate Changes in Pennsylvania 12



Harrisburg experienced 19 days over 90°F3 Days over 95°F are
projected to increase from an average of 0.6 days over 1971-2000 to
11 days by mid-century and 34 by end-of-century.

Increasing temperatures will alter the growing season across the
Commonwealth and increase cooling degree days. Heating degree
days will also decrease.

2.3.2 Detailed Projections

Projected values reported below for temperature and precipitation
are presented for up to three future time periods, which represent
the average values over 2016-2045 (present context), 2041-2070
(mid-century), and 2070-2099 (end-of-century). Values within
each time period are compared to a baseline period of 1971-2000.
Projections are statewide averages of the 50t percentile of the
23 climate models.

The projections reported are based on SSP 2-4.5 and SSP 5-8.5. As
shown in Figure 4, all emissions scenarios project similar changes in
average temperature through 2050, but temperature changes and
other climate change effects vary more by the end-of-century and
beyond depending on global emissions.

For Pennsylvania, mid-century climate projections do not vary
widely between SSP2-45 and SSP5-85 (see Figure5).
End-of-century projections are where differences between
emission scenarios become pronounced. For example, average
annual temperature statewide is expected to rise 9.3°F (5.2°C) by
end-of-century under SSP 5-8.5, but only 5.5°F (3.1°C) under
SSP 2-4.5—this is similar to the SSP 5-8.5 projections for
mid-century. Projections for all variables under SSP 2-4.5 are
provided in APPENDIX C.

Figure 4. Comparison of projected global average surface temperature
change

Global surface temperature change relative to 1850-1900

°C

S5P5-8.5
S5P3-7.0

= /5 B |

S5P1-2.6

~ SSP1-1.9

21

1950 2000 2015 2050 2100

Five different SSP scenarios including SSP 5-8.5 (high fossil-fuel development
scenario) and SSP 1-1.9 (lowest emissions scenario most closely reflecting a 1.5C
target under the Paris Agreement). SSP 2-4.5 is the mid-level emissions scenario.
Source: IPCC Sixth Assessment Report.

Temperatures are likely to increase substantially across the
Commonwealth throughout this century. Across the state, annual
average temperatures are projected to increase by
5.1°F (2.8°C)-6.7°F (3.7°C) by mid-century and 6.2°F (3.4°C)-10.4°F
(5.8°C) by the end-of-century, depending on emissions scenario.

Across global climate models, a consensus exists that as global
greenhouse gas emissions rise, average temperatures will increase.
The magnitude of increase varies by climate model and depends on
how each model captures future concentrations of greenhouse
gases in the atmosphere, climate sensitivities, and natural climate
variability. These differences account for the uncertainty associated
with climate models.
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Figure 5. Mid-century and end-of-century projections for key climate indicators under SSP 2-4.5 and SSP 5-8.5. Percentiles show the range across the
23-model ensemble
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Figure 6. Observed and projected annual days with temperatures above 90°F
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Based on 50" percentile of 23-model ensemble of LOCA downscaled data, SSP 5-8.5. The legend shows the full range of observed and projected values divided into equal increments.

Figure 7. Observed and projected annual days with "very hot" temperatures
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Based on 50% percentile of 23-model ensemble of LOCA downscaled data, SSP 5-8.5. The “very hot” threshold varies by grid cell, based on the 95* percentile of observed
days’ maximum temperature. The legend shows the full range of observed and projected values divided into equal increments.

As the climate changes, so will the frequency and severity of
extreme temperatures.

The temperature of very hot days is projected to increase as well as
the number of annual occurrences of historical very hot days.
Similarly, “extremely hot” days are days with temperatures greater
than 99 percent of all days in the baseline period of record. Heat
waves are approximated by the annual number of days above 90°F
and 95°F as well as the number of consecutive days above 90°F and
95°F. The projections for number of days above 90°F is shown on
maps in Figure 6. Extreme heat events are projected to occur more

often and become more severe; very hot days, extremely hot days,
and heat waves will all increase in frequency. “Very hot” days are days
experiencing 95™ percentile maximum daily temperatures, or
temperatures greater than 95 percent of all days in the baseline
period of record, shown in Figure 7.

Although the average temperature trends upward, inter-annual
temperature variability will continue to increase and warming overall
temperatures does not preclude the possibility of extremely cold
weather events. For example, in December 2022, a Polar Vortex with
freezing temperatures was followed by record breaking warmth during
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the first week of January 20234 Pennsylvania will continue to
experience temperature fluctuations as the climate warms.

Average Temperatures

Average temperatures are projected to increase from historical levels
across the Commonwealth. From 1971-2000, the baseline average
annual daily temperature was 48.3°F (9.1°C). For all months, average daily
temperatures are projected to increase by 4.8 to 8.5°F (2.7 to 4.6°C)
mid-century and 7.9 to 13.5°F (4.3 to 7.4°C) by the end-of-century, with
greatest warming in the summer season. Average monthly high
temperatures will also increase. The southern corners of the state are
projected to experience the highest temperatures in both the near and
long-term, while the northwest could see the greatest change.

Frequency and Severity of Hot Days

Hot days, where temperatures exceed 90°F or even 95°F are
expected to become more common in Pennsylvania. From 1971 to
2000, on average across the state, there were six days above 90°F
per year.® This number is projected to increase throughout the
century. highlights the map of observed and projected days above
90°F across the Commonwealth. By mid-century, Pennsylvania is
expected to experience 23 days per year with temperatures over
90°F under SSP 2-4.5 and 36 days per year with temperatures over
90°F under the high “unabated” emissions scenario, SSP 5-8.5.
Warmer areas will see closer to 63-77 days. By end-of-century, the
state is projected to experience an average of 34-70 days per year
with temperatures exceeding 90°F. Compared to the historical
baseline (1971-2000), these future projections represent an increase
of  approximately  300%-530% by  mid-century and
500%-1,100% increase by end-of-century.

Pennsylvania is also expected to experience a similar trend in annual
numbers of days where temperatures exceed 95°F. While historically

rare (less than once per year, on average), days above 95°F are
projected to occur about 5-11times per year by mid-century and
9-34 times per year by end-of-century, depending on emissions
scenario. Under a high-emissions scenario, the warmest parts of the
state could experience up to 36 days above 95°F by 2050.

In addition to an increase in the frequency of hot days, days
classified as “very hot”, where temperatures are above 95 percent of
all days in the period of record (85.2°F), and “extremely hot”, where
temperatures are above 99 percent of all days in the period of
record (89.0°F), will also rise. And, as temperatures rise, what we
consider to be “very hot” and “extremely hot” will also shift. By
mid-century, the “very hot” temperature threshold is projected to
be 92°F, and by end-of-century, 96.5°F. By mid-century, the “very
hot” temperature threshold is projected to be 92°F, and by
end-of-century, 96.5°F. Under a “middle of the road” emissions
scenario, the “very hot” threshold would reach 92°F by the end of the
century. Similar to “very hot” days, “extremely hot” days (which occur
less than 1% of the time) will also be substantially hotter. “Extremely
hot” days are projected to be days >95.9°F by mid-century and
days >100.7°F by end-of-century. At the end of the century,
Pennsylvania temperatures will feel like those of present-day
northeast Arkansas.® With limited emissions, the end-of-century
“extremely hot” threshold could be contained to 96°F.

Besides an increase in extreme temperature (“very hot” and
“extremely hot”) thresholds, the number of days experiencing
historical extreme temperature thresholds is projected to increase.
Figure 7 shows a map of observed and projected days with historical
“very hot” temperatures across the Commonwealth. Particularly in the
southwestern region of the state, by mid-century, the number of days
experiencing historical “very hot” temperatures (on average 85.2°F
across the state) is projected to be at least 71 days.
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Figure 8. Observed and projected average annual cooling and heating degree days
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Based on 50™ percentile of 23-model ensemble of LOCA downscaled data, SSP 5-8.5. The full range of observed and projected values is shown divided into equal increments.

Warm Nights

In addition to high daytime temperatures, the Commonwealth may
also see higher nighttime temperatures. A key threshold for
infrastructure and human health cooling relief is when nighttime
temperatures are above 68°F. The number of nights with minimum
temperatures above 68°F is projected to increase from an average
of four (4) days (1971-2000) to 26 days by mid-century and 55 days
by the end-of-century.

Heating and Cooling Needs

Another indicator of Pennsylvania’s warming climate is the change in
heating degree days and cooling degree days. Heating and cooling

degree days are indicative of energy needed to heat and cool
buildings, respectively.”

As temperatures increase, heating degree days generally decrease,
and cooling degree days increase because cooling homes requires
more energy and heating homes becomes less needed. Urban areas
are expected to see higher impacts of extreme heat due to the urban
heat island effect, and Philadelphia is already identified as the
county most prone to extreme heat.? Increased cooling needs will
put strain on grid reliability, that if unaddressed, would contribute to
severe impacts on human health. More information in energy grid
resilience can be found in CHAPTER 4 and, additional details on the
impacts of extreme heat are provided in APPENDIX C.
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Calculating Heating and Cooling Degree Days

Growing degree days are increasing across the state (indicative of a
Both heating and cooling degree days relate to the energy demand longer growing season) but the magnitude of growing degree days
for heating and cooling, and are calculated based on the deviation of varies by region (see Figure 9). Growing degree days are historically
the average daily temperature from 65°F. To reflect the fact that it highest in the southeastern corner of the state, which will continue

takes more energy to heat or cool a building when average daily to experience the highest number of growing degree days by
temperature is further from a comfortable living temperature, mid-century.

heating and cooling degree days increase in value as the daily
temperature moves further from 65°F. Figure 9. Observed and projected average annual growing degree days

For example, a day with an average temperature of 70°F is counted
as having five (5) cooling degree days and a day with an average Historical Baseline (1871-2000) Near-Term (2016-2045)
temperature of 60°F is counted as having five (5) heating degree
days. The calculations for heating degree days and cooling degree
days sum the total number of heating and cooling degree days,
respectively, throughout the year.

Growing Degree Days

1 21000
1 > 1000 - 1500

Annual total heating degree days are anticipated to decrease by 13% o (2081-2070) et (2070-2089) o | 00~ 2000
by mid-century and 25% by end-of-century compared to the -~ = ; 2000 3000
historical baseline. However, by mid-century, annual total cooling

degree days are projected to increase by 7% (SSP 2-4.5) to almost
68% (SSP 5-8.5). By the end of the century, annual total degree days
could increase by up to 285%. Figure 8 illustrates the shift in heating

and cooling degree days in Pennsylvania.

Based on 50" percentile of 23-model ensemble of LOCA downscaled data,
SSP 5-8.5. The full range of observed and projected values is shown divided into
equal increments.

Growing Season

Increasing temperatures will also alter the growing season across the
Commonwealth. Growing degree days are a heat unit that can help
indicate how temperature may impact (e.g. facilitate or impede)
different crops and pests’ development.® Growing degree days are a
good indicator for the length of the growing season, but they are not
a direct correlation.
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On average, the state is projected to see a 34% increase in growing
degree days by mid-century (see Table 3). By end-of-century,
growing degree days are projected to increase by 57%. Figure 11 on
page 20 visualizes how monthly cumulative growing degree days are
projected to increase across all time periods analyzed.

Similarly, increasing temperatures will decrease the intensity of
winter and allow plants that are less cold-resilient to grow in
Pennsylvania. Plant Hardiness Zones indicate the extent of winter
stress that plants experience due to cold temperatures. These zones
are based on the average annual extreme minimum temperatures
and are used by horticulturists to evaluate the cold hardiness of
plants. In Pennsylvania, the coldest Plant Hardiness Zone is expected
to shift from being in the -28.8°C (-19.8°F) to -23.3°C (-9.9°F) range
to the -177°C (-014°F) to -12.2°C (10.0°F) range by the
end-of-century (Figure 10).°

Calculating Growing Degree Days

Growing degree days are calculated based on the difference
between the average daily temperature and a certain temperature
threshold. Here, that threshold is 50°F, a standard temperature at
which many crops grow best. For example, a day with an average
temperature of 56°F is counted as having six growing degree days
while a day with an average temperature of 53°F is counted as having
three growing degree days. The calculation is set up to reflect the fact

that a day with a higher average temperature has more hours of the
day above the 50°F growth threshold than a day with a lower average
temperature. The calculation of the growing season is based on the
sum of all growing degree days throughout the year.

Figure 10. Historic plant hardiness (left) from 1980-2009, and projected future plant hardiness zones from 2070-2099 (right) based on RCP8.5 projections
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Observed and Projected Temperature Data

Figure 11. Observed and projected average monthly cumulative growing degree days
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Based on 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values for 2025 represent all years 2011-2040, those for 2055 represent 2041-2070, and those for 2085
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Table 3 Summarizes statewide average projections for temperature variables under SSP 5-8.5. Projections under the lower SPP 2-4.5 emission
scenario are provided in APPENDIX C. The statewide average for the 10t to 90t percentile range is included to illustrate the spread in projections

and highlight the range of possible outcomes.

Table 3. Statewide average observed and projected temperature variables (SSP 5-8.5)

Temperature Variable

Observed
Baseline

Projected Value
(1971-2000) | (10t"-90t Percentile)

Projected Value

(10t-90t Percentile)

50t Percentile
Absolute

Change

Projected Value

(10*-90™ Percentile)

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

50t Percentile
Absolute
Change

50t Percentile
Absolute

Change

Average annual 48.3 52.0 3.7 54.9 6.6 58.7 10.4
temperature (°F) (50.7 - 53.3) (531-56.6) (56.0 - 61.6)

Average annual minimum 37.6 414 37 44.0 6.7 476 10.5
temperature (°F) (402 - 427) (426 - 45.9) (455 - 51.0)

Average annual maximum 59.0 62.6 3.7 65.7 6.4 69.5 10.0
temperature (°F) (61.2 - 63.8) (63.7-67.2) (66.4 -72.2)

Heating degree days 5,569.1 4,830.5 -738.6 4,830.8 -1,672.3 4,137 -2,366.1
(degree days) (4,578.9 — 5,060.9) (4,4251 - 5217.7) (3,389.9 - 4,440.0)

Cooling degree days 1,096.4 1446.2 349.8 1194.7 716.4 18437 1,365.5
(degree days) (1283.3 - 1,592.5) (910.5 - 1,460.0) (1266.7 —,2331.3)

“Very hot” (95 percentile) 85.2 88.9 35 92 6.8 96.5 1.3
temperature (°F) (87.1-90.8) (89.0 - 94.9) (92.3 -100.3)

Days with temperature 19.6 44.9 251 70.6 49.8 104.8 83.9
above “very hot” baseline (325 -57.5) (46.6 — 86.8) (68.4 -129.4)

temperature (°F)

“Extremely hot” 89.0 92.6 3.6 95.9 6.9 100.6 1.6
(99t percentile) (905 -94.8) (92.8 - 98.5) (96.1-104.4)
temperature(°F)

Days above baseline 6.2 19.5 n.8 38.0 30.9 74.8 67.3
“extremely hot” (10.7 - 29.7) (20.0 - 57.0) (39.8 -102.6)

temperature

Days with temperature 6.1 18.5 n.2 35.9 304 69.8 63.9
>90°F (10.9 - 27.4) (18.7 - 52.5) (36.7-97.2)

Days with temperature 0.8 41 2.8 1.2 10.6 33.6 328
>95°F (14-74) (41-20.6) (1.4 - 58.3)

Days with temperature 0.0 0.5 04 20 21 9.8 9.9
>100°F (01-10) (04 -43) (21-24.2)
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Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)
Observed

50t Percentile 50t Percentile 50t Percentile

Temperature Variable Baseline Projected Value el Projected Value - Projected Value -

(1971-2000) | (10*-90" Percentile) SOUTE 1 (10*-90* Percentile) SO 1 (10m-90 Percentile) SOlte
Change Change Change

Days with low temperature 4.9 13.7 8.6 257 23.2 54.6 515

> 68°F (9.4 -181) (16.4 - 35.6) (31.0-78.8)

Consecutive days above 2.3 51 2.6 8.8 6.5 19.3 17.0

90°F (81-74) (5.3-15.2) (91-36.8)

Consecutive days above 0.4 1.6 11 34 3.0 8.3 7.9

95°F (06 -28) (17-6.2) (37-16.3)

Growing degree days 1375.6 1,754.3 378.7 36877 920.3 4,282.8 1565.8

(degree days) (1,593.4 —1,904.2) (3,316.6 — 3,916.7) (3656.4 — 4,771.8)

2.4 Precipitation Changes

2.4.1 Key Findings

While climate models generally agree that temperature will increase
over the century, there is less consensus on how precipitation will
change because it is more difficult to model. Limitations in statistical
downscaling techniques make it difficult to project extreme
precipitation values. The updated CMIP6 data represents an
improvement in precipitation projections when compared to CMIP5,
especially those that model precipitation extremes. CMIP6 uses a
better historical training dataset that preserves heavy precipitation,
as well as an improved methodology for capturing extreme
precipitation events. As such, especially within the SSP 5-85
projections, modeled future precipitation is slightly higher in the
updated CMIP6 projections than was previously seen in the CMIP5
projections. Nonetheless, there remains uncertainty in precipitation
projections that should be considered in climate resilience planning
that addresses precipitation changes."?

Based on the available modeling, in the coming century the
Commonwealth will see an increase in average annual
precipitation, extreme precipitation events, and droughts, as
both “very heavy” precipitation events and consecutive dry days
increase. Pennsylvania could experience a marked increase in total
average rainfall, occurring in less frequent but much more severe
rain events. Precipitation changes could also include more
precipitation falling as rain rather than snow,® which could affect
flooding and other hazards."

2.4.2 Detailed Projections

Like temperature projections, precipitation projections are reported
by the 10%™ 50™ and 90% percentile of the future precipitation
variables’ distribution to capture the uncertainty associated with the
range of potential values. Despite limitations, climate models help to
provide insight into the potential changes in precipitation that
Pennsylvania may experience in the coming decades and can help
inform more effective climate resilience planning.
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Average Precipitation

In the past several decades, precipitation in Pennsylvania has
already been increasing. Between 2000 and 2023, Pennsylvania
experienced an increase in annual precipitation of approximately
2.51inches compared to the 1971-2000 period.” (see Figure 12 on
the next page).® June, October and December saw the greatest
increases in precipitation.

Annual average precipitation is projected to continue to increase.
Historically, average annual precipitation was 43 inches
(1090 mm). Pennsylvania will likely experience a small (8-9%)
increase in annual precipitation by mid-century and slightly greater
(8-13%) increase by end-of-century compared to the observed
historical baseline (1971-2000). The mid-century projection is
essentially the same as that from the 2021 assessment.” Average
annual precipitation is projected to increase to 47 inches (about
1,195 mm) by mid-century under both a “middle of the road” and a
high-emissions scenario. Average annual precipitation is expected
to reach 47-49inches (1191-1,241mm) by end-of-century,
depending on emissions scenario.
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Figure 12. Annual precipitation in Pennsylvania
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The 1971-2000 mean of 42.5 inches is shown in addition to the trend from 2000 to 2023. Source: National Centers for Environmental Information. Climate at a
Glance - Statewide Time Series.
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Monthly precipitation patterns are also projected to shift slightly consistent with numerous past studies for the Commonwealth.'®1920

over the century. Most increases in precipitation will occur in the The range in monthly total precipitation values shown across models
winter and spring, with future precipitation conditions remaining indicates the variability and uncertainty in precipitation projections
similar to historic patterns during summer and fall (see Figure 13). (see Figure 14 on the next page).

This seasonal pattern of projected precipitation change is

Figure 13. Observed and projected winter and summer seasonal cumulative precipitation
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Figure 14. Statewide observed and projected average monthly precipitation
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Based on 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values for 2025 represent all years 2011-2040, values for 2055 represent all years 2041-2070, and values
for 2085 represent all years 2070-2099.
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Extreme Precipitation

Consistent with findings from prior assessments,?'?2 extreme rainfall
events are projected to increase in magnitude, frequency, and
intensity as the century progresses. The statewide average amount
of rainfall that falls during “very heavy” precipitation events (which
are heavier than 95% of the days with precipitation per year) is
projected to rise from 0.85 inch (21.5 mm) (historical baseline) to
0.92 inch (23.3 mm) by mid-century and to 0.98 inch (24.9 mm) by
end-of-century. These projections represent 9% and 15% increases
respectively and are consistent across emissions scenarios. Existing
climate models may not capture all the extremes of precipitation
events, and so events may have even higher intensity than
established in this report.z

The amount of rainfall during “extremely heavy” precipitation events
(which are heavier than 99% of the days with precipitation per year)
is also projected to rise from 1.4 inches (36.4 mm) in the historical
baseline to 16 inch (40.5 mm) and 17 inch (43.3 mm) by mid-century

and end-of-century respectively. This is a 21%increase by
mid-century and 32% increase by end-of-century.

Finally, the magnitude of precipitation during longer rain events will
also increase. The annual maximum amount of precipitation during
an annual 3-day precipitation event is projected to increase by
0.4 inches by mid-century and 0.6 inches by end-of-century.
Overall, climate projections show a consistent and notable increase
in the amount of rainfall during extreme precipitation events.

Extreme rainfall events are also projected to become more frequent;
the number of days with historical “very heavy” (21.5 mm on average
statewide) and historical “extremely heavy” (36.4 mm) precipitation
days are projected to rise. Pennsylvania is projected to experience
over two more days (21% increase) with observed baseline “very
heavy” precipitation amounts and over one more day (43% increase)
with historical “extremely heavy” precipitation amounts by
mid-century (compared to baseline). By end-of-century, the
Commonwealth will see over three more days (33% increase) with
observed historical “very heavy” precipitation amounts and nearly

Figure 15. Observed and projected annual days with “very heavy” precipitation

Historical Baseline (1971 — 2000) Near-Term (2016- 2045)
4

e

Mid-Term (2041 — 2070)

<k 3

Late-Term (2070- 2099)

Number of days
per Year with
Very Heavy (95th
Percentile)
Precipitation

= sl
4 *

: ll3

[
. =
[ T < =10 days
>10 - 12 days
>12 - 14 days
Bl >4 -16 days

M > 16 days

Y
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rainy days. The full range of observed and projected values is shown divided into equal increments.
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two more days (74% increase) with observed baseline “extremely
heavy” precipitation amounts. The number of days with “very heavy”
precipitation will increase across the State (see Figure 15). The
southeastern corner of Pennsylvania will continue to experience the
highest number of days with very heavy precipitation throughout the
century.

This change is already occurring. Historical weather data show that
over 80% of Cooperative Observer Program sites surveyed by the
state climatologist are seeing an increase in heavy rain events in the
2010s when compared to the 1980s (see Figure 16).%

Climate model projections suggest that these changes will only be
exacerbated in the future. For example, the number of days with
more than three (3) inches of rainfall is projected to increase by from
an average of 0.15 days to 0.25 days by mid-century and 0.31 by
end-of-century (compared to baseline and depending on emissions
scenario). Such a rain event is therefore 60% more likely to occur by
mid-century and 97% more likely to occur by end-of-century.

Pennsylvania will continue to experience an increase in more serious
rain events. Sudden, short, and heavy rainfall events, known as
cloudbursts, are often responsible for flash flooding.?® Climate
change is expected to increase the intensity and frequency of
cloudburst events.?6?72¢ These events result in significant impacts
(i.e., flooding), but are not well captured in many climate models. The
models used here attempt to capture precipitation events at daily
resolution rather than hourly or sub-daily resolutions. Greater
research on the change in frequency and intensity in cloudbursts
over the coming century is needed.?%3°

Extreme precipitation events are likely to exacerbate flood risk.
Flood is already the highest-risk climate hazard facing the
Commonwealth, and 27 of Pennsylvania’s 67 counties experience an
average of one or more flood events per year. Recently, major flood

Figure 16. Pennsylvania Palmer Drought Severity Index for 1971-2023
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events have impacted in Pennsylvania in 2011, 2014, 2017, 2018, and
20213 Increased extreme precipitation events are expected to lead
to at least minor increases in runoff and flooding for all of
Pennsylvania by mid-century while major increases in runoff are
expected in the eastern half of the Commonwealth in the same time
period.??

Drought Conditions

While average and extreme precipitation is projected to increase, a
slight increase in drought conditions is also probable. Details
surrounding future drought conditions, for example duration and
intensity of drought events, remain uncertain, but changes in future
precipitation and temperature are expected to exacerbate
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drought.®® Overall, changes in precipitation events will create wetter
winters and springs and drier falls in the Commonwealth.

The number of days without rain will increase 3% by mid-century
and 8% by end-of-century. These findings of fewer rainy days and
longer periods without rain are consistent with prior Climate Impacts
Assessments.3435  Average monthly consecutive dry days in
Pennsylvania are projected to increase in the late summer and fall
months (see Figure 17). The month of October shows the largest
increase in consecutive dry days for every projection scenario.

Average monthly consecutive dry days are not projected to change
significantly from historical conditions in the winter and spring.

Drought conditions have declined in recent decades but persist
despite more overall precipitation, according to measurements
using the Palmer Drought Severity Index.®® This is a standardized
index used to understand the intensity and duration of long-term
drought conditions.?” Figure 16 shows Pennsylvania’s drought trends
from January 1971 to December 2023 and highlights a trend toward
increased precipitation. It also highlights that drought conditions
continue to occur even with a trend toward greater precipitation.
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Figure 17. Statewide observed and projected average monthly consecutive dry days
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Based on 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values for 2025 represent all years 2011-2040, values for 2055 represent all years 2041-2070, and values
for 2085 represent all years 2070-2099.

Observed and Projected Precipitation Data variables under SSP 5-8.5. Projections under the lower SSP 2-4.5
emission scenario are provided in APPENDIX C. The average for the
10t and 90 percentile range is included to illustrate the spread in
projections and highlight the range of possible conditions.

Understanding precipitation projections is complicated given all the
variability behind precipitation and how it manifests. Table 4
summarizes statewide average projections for precipitation
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Table 4. Statewide average observed and projected precipitation variables

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Baseline Projected Value Projected Value Projected Value

Precipitation Variable (1971- (10th-90th 50t Percentile (10*-90th 50t Percentile (10*-90th 50t Percentile
2000) Percentile) Percent Change Percentile) Percent Change Percentile) Percent Change

Annual precipitation 42.9 44.8 5.4% 46.8 9.0% 48.3 12.5%
(inches) (41.8 - 47.3) (43.4 - 49.3) (44.2 - 51.0)
Days with rainfall 0.2 0.2 37.9% 0.2 60.7% 0.3 97.4%
> 3 inches (days) (01-0.3) (01-04) (0.1-0.5)
Annual maximum 12.6 12.8 2.6% 12.9 3.0% 13.5 7.7%
consecutive dry days (1.5 —14.1) M6 -140) (M9 -15.0)
(days)
“Very heavy” 0.8 0.9 5.3% 0.9 9.1% 1.0 15.1%
(95 percentile) (0.8-0.9) (0.9 -10) (09-10)
precipitation (inches)
Days with precipitation 10.5 n7 12.5% 12.7 211% 13.9 32.9%
above baseline “very (10.2 -13.) (10.7 -14.0) (M7 -15.5)
heavy" precipitation (days)
“Extremely heavy” 14 1.5 7% 1.6 N.3% 17 18.7%
(99t percentile) (1.4 -16) (1.5-17) (1.5 -1.8)
precipitation (inches)
Days with precipitation 24 3.0 26.1% 35 43.4% 4.2 74.0%
above baseline “extremely (23-37) (26 -43) (30-5.2)
heavy" precipitation (days)
Annual maximum 3-day 3.2 34 8.2% 3.6 12.8% 3.8 19.91%
precipitation event (3.0 -3.8) (31-4.0) (33-42)
(inches)

Note: Projections are based a 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values reported are the median for the 23-model ensemble, as well as the 10" and
90" percentile values across models.
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2.5 Coastal Changes

2.5.1 Coastline Changes along the Delaware
River and Estuary

Pennsylvania has a small 56-mile coastline along the Delaware
Estuary, as seen in Figure 18. This coastline spans from Morrisville, PA
to Marcus Hook, PA3® Storm surge has previously led to coastal
flooding from the Delaware River and forced interstate closures.®®
Rising sea levels are expected to exacerbate this risk. Because of land
subsidence in the Mid-Atlantic region, local sea level rise is projected
to be approximately 0.06 inch per year greater than the global
average.’° In an intermediate-high sea level rise scenario, water levels
are expected to rise by 1.4 feet by mid-century, and 5.0 feet by the
end of the century.* The intermediate-high scenario has a 2% change
of occurring or being exceeded.*? Figure19 on the next page
highlights sea level rise scenarios in the Delaware Estuary Coastal
Zone over the course of the century, including the intermediate-high
scenario shown in orange. While Philadelphia saw approximately
eight days of tidal flooding in a year early this decade, it is likely to see
74 days of tidal flooding by mid-century.*® Higher sea level exposes
more of Pennsylvania’s population to flooding.

As the coastline experiences a rise in sea level, the abutting tidal
wetlands may be inundated.** Already, Pennsylvania’s coastline
varies with the large tidal fluctuations in the Delaware River and
Chesapeake Bay. Sea level rise will exacerbate these fluctuations.
While Pennsylvania's coastal area is relatively limited, sea level rise
threatens the ecosystem and low-lying facilities and properties in
the Delaware Estuary Coastal Zone.

For example, almost 1,000 people in Philadelphia would be
immediately impacted by the two feet of sea level rise expected by

2060, and the almost 6,000 that live within four feet would also see
higher flood risk by mid-century. A flood reaching four feet above
sea level rise would affect about $686 million in property value.*®
Storm surge or other extreme flooding is likely to reach nine feet
above sea level by the end of the century. Such a flood would affect
about 38,000 individuals and $3.4 billion in property value.*64
Figure 20 and Figure 21 on a following page highlight the change in
areas that may be inundated under a five-foot rise in sea level.
Additionally, sea level rise is expected to result in salinity increases
throughout the Delaware Estuary, which will affect ecosystems and
drinking water supplies. The consequences of sea level rise are
further discussed in APPENDIX B (see pg. 92).

Figure 18. Delaware Estuary Coastal Zone map
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Figure 19. Sea level rise scenarios for the Philadelphia tide gauge
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Figure 20. Current areas at risk from tidal flooding

Areas shaded in lime green represent low-lying areas currently at
risk from flooding and dark blue areas describe existing water
bodies. Source: NOAA Sea Level Rise Viewer.
https://coast.noaa.gov/slr/

Figure 21. Areas at risk from tidal flooding from a 5-foot
rise in sea levels

Areas shaded in lime green represent low-lying areas currently at
risk from flooding, dark blue areas describe existing water bodies,
and light blue areas highlight inundated areas with 5ft sea level
rise. Source: NOAA Sea Level Rise Viewer.
https://coast.noaa.gov/slr/
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2.5.2 Coastline Changes along Lake Erie

Pennsylvania also has a 64-mile coastline along Lake Erie
(highlighted in Figure 22). Lake Erie is projected to experience
significantly higher variability in water levels under a changing
climate*® Warmer temperatures and increased extreme
precipitation events are anticipated to have substantial effect on
Lake Erie.

Warmer temperatures will increase evapotranspiration, which in turn
is projected to lower levels in Lake Erie in some years or months.*®
However, at other points, increased average precipitation and
greater extreme precipitation events are projected to raise water
levels.5° For example, as a result of increased rain, Lake Erie hit its
highest ever water level in June 2019.5' Lake Erie’s water levels are
expected to continue fluctuating in the decades to come.

Climate change is also projected to affect water quality and increase
erosion. Warming temperatures will result in higher lake water
temperatures and increased frequency of extreme precipitation
events will drive greater runoff into the lake. Combined warmer waters
and increased runoff will boost the likelihood of E. coli and algal
blooms, compromising water quality and threatening human and
ecosystem health.52 Additionally, as winter temperatures become less
severe, each of the Great Lakes will be covered by less ice, leading to
higher concentrations of suspended solids that contribute to algal
blooms.®35%* Higher inter-basin connectivity from increased storms
and winds in the area will increase the concentration of suspended
solids in Lake Erie.>® Although the deeper waters of eastern Lake Erie
have been less affected than western Lake Erie, harmful algal blooms
have grown more common near the Pennsylvania shoreline in recent
years, posing public health concerns.®® Algal blooms such as these are
expected to become more frequent and severe with climate change.

Figure 22. Lake Erie Watershed.
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Increased runoff is also anticipated to cause greater bluff instability
as runoff erodes the bluff face.%” With lower ice coverage the ice
dunes that typically protect the Presque Isle’s beaches will
experience greater erosion.’® Coastal erosion rates are also
expected to increase as the Lake's coastlines are impacted more
frequently by severe storms.%°

Warmer temperatures will also alter snow patterns. In the winter,
warmer water and a lack of surface ice on the lake will likely result in
an increase in lake effect snow events in the short-term.6%5' Lake Erie
is anticipated to experience significant overall change from climate
change.
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Figure 23. Average number of days per year where snowfall could occur, present-day, mid-century, and end-of-century
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Values for present day represent all years 1990-2005, values for mid-century represent all years 2026-2035, and values for end-of-century represent all years 2071-2080.
Source: Zarzycki, C.M., 2018. Projecting changes in societally impactful Northeastern U.S. snowstorms.

2.6 Extreme Weather Events

Extreme weather events will continue to have severe impacts on
Pennsylvania as climate change increases the intensity of extreme
weather events. In the literature, a consensus highlights that extreme
storms are expected to be stronger and lead to heavier rains.
Cumulative precipitation from storms is expected to increase.®?
There is also consensus in the literature that, globally, the proportion
of very intense (i.e.,, Category 4-5) tropical cyclones will increase.®
For the North Atlantic region specifically, various modeling results
are mixed, but the median projected change is a decrease in the
overall frequency of tropical cyclones and an increase in the
frequency of Category 4-5 tropical cyclones.®*

While severe non-tropical rain events are anticipated to become
more likely,® snowstorms are projected to decrease in frequency.6667
Smaller storms rather than major storms are forecasted to comprise

70 80 90 100 110

the majority of this reduction.®® Figure 23 highlights the projected
decrease in days in which snow events can occur. Increasing
temperature may also decrease the severity of average weather in
winter and reduce the amount of total precipitation that falls as
snow.8® When snow storms do occur, they may be more extreme due
to changes in global temperature gradients that affect the path of the
jet stream.”® As mentioned in the previous section (Coastline Changes
along Lake Erie), lake effect snow events are projected to increase in
the short-term.”””2 In the long-term, however, as winter temperatures
warm significantly, lake effect snow events will decrease.”?’* From
2000 to 2023, 65 “billion-dollar” disaster events occurred in
Pennsylvania because of tropical cyclones, severe storms, and winter
storms. Figure 24 highlights the change in the number of billion-dollar
disaster events over the last 43 years. Heavy rains, flooding and
damages from wind are significant driver of damage during these
events.
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Figure 24. Billion-dollar extreme weather events in Pennsylvania 1980-February 2024
Pennsylvania Billion-Dollar Disaster Events 1980-2024 (CPI-Adjusted)
B DroughtCount M Flooding Count M Winter Storm Count M Freeze Count M Severe Storm Count Tropical Cyclone Count
114

104

Number of Events

} Bl e
, i

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Updated: March 8, 2024

Source: NOAA National Centers for Environmental Information. 2023. Billion-Dollar Weather and Climate Disasters: Time Series.
https://www.ncdc.noaa.gov/billions/time-series
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2.7 Landslides and Sinkholes

Currently, landslides and sinkholes are serious hazards in the
Commonwealth that affect transportation networks and buildings
and create serious health and safety concerns.”® The effect of
climate change on the location, quantity, frequency, and severity of
landslides remains uncertain, though climate change is expected to
increase the rate of sinkhole formation as extreme precipitation is
forecasted to increase.

Projections also indicate that an increase in the frequency and
intensity of severe precipitation events could increase landslide risk,
because heavy rainfall is a key cause of certain types of landslide
events.’877 Significant uncertainty, however, is associated with these
projections.’®

Due to Pennsylvania's geology, soil texture, precipitation, and rate of
human development, regions of the state have a moderate to very
high sinkhole susceptibility.”® Sinkhole development is caused by
changes in the groundwater table (i.e., water input into or extraction
from the ground), soil disturbance, concentrated water flow, high
intensity but short duration storms, erosion, and heavy surface
loads.BO8182  Activities and conditions that may drive these
mechanisms include the thawing of frozen ground, groundwater
pumping, land use practices, construction, drought, declining water
levels, mining, pipe leakage, water impoundments (i.e., basins, ponds,
reservoirs), runoff, and drilling.838 Models predicting urban
development and future precipitation in Pennsylvania suggest that
southeastern Pennsylvania will remain a hotspot for sinkholes and
the projected increase in extreme precipitation will increase the rate
of sinkhole formation in this area of the Commonwealth.8®

Drought and groundwater table decline have both been linked to
climate change, and are significant drivers of sinkhole

development.®®” With projected increases in the occurrence of
drought and low summer groundwater levels in the coming century,
proper groundwater management may become necessary to
mitigate the increasing risk of sinkholes. More state level research
delineating how different types of sinkholes respond to changes in
environmental conditions is needed to understand how climate
change may impact on the interlocking mechanisms that cause
sinkhole development in Pennsylvania.

2.8 Climate Change Attribution Science
and Extreme Weather in Pennsylvania

Climate attribution is the process of discerning whether, and to what
extent, human versus natural influences are responsible for
observed changes in the Earth’s climate system and the extent to
which extreme weather events might be influenced by climate
change.® Advances in climate attribution science, largely due to
improvements in computer models and data collection, have
reframed how climate change can be attributed to extreme weather
events. For many years, climate scientists were able to capture
general trends on a global basis-the change in global average
temperatures being one such example. Increasingly, attribution
science is able to address the extent to which specific extreme
weather events might have been influenced by human-induced
climate change.

2.8.1 Current State of Attribution Science

The process of determining attribution around extreme weather
typically uses one of two approaches.®® The risk-based approach
seeks to statistically address whether the likelihood of certain types
of extreme weather events (their frequency, intensity, location or
some combination) has been influenced by human activity through
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a changing climate. The second approach, the storyline approach,
relies on analysis of physical factors such as air circulation patterns
and sea surface temperature to determine causal relationships
between physical conditions and extreme events.®°® These physical
conditions can then be linked to human factors and attributed to
climate change.

Both the risk-based and storyline methods of attribution science
rely heavily on computer models of climate processes. These
computer models generate “counterfactuals” - simulated histories
of Earth's climate system with and without human activity.®?> These
counterfactuals are used to evaluate the likelihood of specific kinds
of events occurring (in the risk-based approach) or the likelihood of
certain Earth-system conditions prevailing (in the storyline
approach) without human influence over the climate. Improvements
in computational capability and ability to downscale climate models
to very specific areas have both contributed to the increased
understanding of the influence of human activity on extreme
weather events.®®

While attribution science has improved in recent years, it is
important to understand what these studies can and cannot say
regarding extreme weather events, and the major sources of
uncertainty involved in attributional studies. While risk-based and
storyline attribution studies use similar methods, they yield different
kinds of conclusions.®4% Risk-based analysis is focused on
likelihoods and not specific events - these attributional studies can
speak to the increased risk of certain kinds of extreme weather as
the climate continues to change but a risk-based study cannot
determine whether or to what extent a specific event was influenced
by human activity. Storyline analysis, very much like an investigation,
is focused on the circumstances surrounding specific extreme
weather events. A storyline analysis can suggest whether or to what
extent a specific event was influenced by human-induced climactic

conditions but cannot directly speak to the likelihood of these types
of events occurring in the future.

Like all analysis of complex systems such as the global climate, both
risk-based and storyline attributional studies involve uncertainty.®®
Major sources of uncertainty include the data that are used to
construct counterfactual climate models, since these data have
been gathered over a period of over a century using very different
methods. Climate models themselves also involve uncertainty since
scientists are still learning fundamental information about the Earth's
climate system. The quality of the modeled counterfactuals
themselves can be hard to determine since those counterfactuals
involve climate histories that did not actually happen.®’

2.8.2 Attribution of Extreme Weather in
Pennsylvania

This Impacts Assessment highlights extreme precipitation events
and flooding, along with heat waves and extremely hot summer days
as two climate risks that are particularly important for Pennsylvania.
While Pennsylvania itself is a relatively small area for the purposes of
extreme weather attribution studies (because of the state's
numerous climate zones and challenges in downscaling large-scale
climate models), a number of extreme weather attribution studies
covering the eastern and northeastern U.S. have suggested that
human factors are a contributor to the risk of extreme
precipitation/flooding events and extreme heat.®*®°® Human-induced
climate change is likely to increase the risk of very hot weather in the
summertime in the northeastern U.S. (including Pennsylvania), and
therefore increases the risk of seeing the kinds of heat extremes that
Pennsylvania experienced during the summer of 2023. Cities such
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as Philadelphia, Harrisburg, and Allentown experienced heat
events during the summer of 2023 that one analysis judged to
be twice as likely as they would have been in the absence of
climate change.'®®

Risk-based attributional studies, while not based around
specific events, have suggested that flooding events in
Pennsylvania are likely to become more frequent and more
severe amid a changing climate.”' Studies specific to
Pennsylvania, based on downscaled climate models and
hydrometeorological models, have suggested that flooding
hazards (severity of flood damage) and exposure (the
geographic areas prone to flooding) are both increasing with a
changing climate, with a large number of cities and boroughs in
Pennsylvania likely to be affected.

Wildfires are not considered a major direct climate risk for
Pennsylvania, but the number of non-disastrous wildfires has
been rising over the last several decades. More than
1,000 wildfires were reported each year from 2020-2023,1°?
and Pennsylvania's Department of Conservation and Natural
Resources (DCNR) reports that the trend of fires has increased

since 2014 (Figure 25). This is close to double the average number
of wildfires seen each year since 1990.'°% Extreme wildfire events
occurring outside the Commonwealth also cause impacts in
Pennsylvania. The summer of 2023 brought degraded air quality to
many areas of Pennsylvania because of the spread of wildfires in
Canada. Extreme weather attribution analysis has suggested that the
conditions under which these wildfires developed and spread have

become twice as likely to prevail under a changing climate.’**

Figure 25. Number of wildfires reported in Pennsylvania
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2.9 Climate Change Impacts Outside of
Pennsylvania

Climate change is a global phenomenon with highly local impacts.
This study focuses on the impacts of climate variables within the
boundaries of Pennsylvania. However, it is important to remember
that Pennsylvania exists within an interconnected natural and
socioeconomic network and climatic changes outside the borders
could have impacts within the Commonwealth.

For example, In the summer of 2023, smoke from wildfires in northern
Ontario and Quebec, Canada, traveled south and caused air quality
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impacts across Pennsylvania and surrounding states. An
unprecedented drought led to significant dry fuel available to burn,
sparked by lightning. An unusual wind pattern pushed the smoke
southward into Pennsylvania and other Northeast states. A similar
event occurred in 2021due to fires from the American West. Scientists
say that climate change is making conditions like heat and drought
that led to these wildfires more likely. During these wildfire smoke
events, air quality alerts were triggered, outdoor recreation activities
were canceled, sporting events were postponed, and outdoor worker
productivity was reduced causing impacts to the economy. The poor
air quality also exacerbated asthma and other respiratory ilinesses for
vulnerable populations including the elderly and small children.
Though unquantified for these events, studies show that wildfire
smoke can have mental health impacts, particularly when the smoke
is chronic and persistent.°®

Health impacts that prevent people from working may cause
workforce implications for which small businesses may be
particularly vulnerable. Overall, the human health and economic
impacts have the potential to be significant. In Canada, smoke
originating from fires farther away has been estimated to directly
cause hundreds of premature deaths and the economic valuation of
those health impacts has been estimated in the billions.”®® These
impacts have equity implications as well; one study found that
increased risks of respiratory admissions from wildfire smoke were
significantly higher for women than for men and for black people
than white people.®” This difference may be due to the different
rates of underlying health issues for different demographics.’®
Although the extreme wildfire events may not yet occur within the
Commonwealth, Pennsylvania communities will have to cope with
the impacts.

Furthermore, Pennsylvania is a transportation hub for a significant
amount of goods and passengers and is home to several major

interstate highways and railroad lines. Climate change impacts on
transportation infrastructure outside Pennsylvania could have
ramifications within Pennsylvania, affecting the broader supply
chains for food and other goods. Stable prices and food security
could be at risk if Pennsylvania is unable to import from surrounding
states due to climate impacts on infrastructure. For instance, a major
hurricane event could force closures at east coast ports, limiting
imported bulk goods from abroad and increasing the price of staple
foods for communities in the Commonwealth. Impacts would likely
be more severe for Pennsylvanians living without grocery stores
nearby or who face financial, mobility, or housing-related barriers to
food access.

Climate impacts to other states and countries may also create
climate refugee populations looking for safe-havens, and
Pennsylvania could see change in migration patterns in the future as
other areas of the US. directly experience extreme heat, storms,
wildfires, floods, or other extreme weather events. Even if these
climate hazards do not impact Pennsylvania directly, the hazards
may force people to migrate. For example, sea level rise along the
coasts of neighboring states may cause populations to move inland
to Pennsylvania seeking higher land that is less vulnerable to this
impact. Communities along the New Jersey, Delaware, and Maryland
costs may be particularly at risk and see Pennsylvania’s higher
elevation as a safe place to relocate without the risk of inundation
due to sea level rise.

Recognizing the interconnected nature of climate impacts across
scales is important to ensuring Pennsylvania can be resilient to a
range of conditions and changes, regardless of where they occur.
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CHAPTER 3 | Risk Assessment Overview

3.1 Key Findings and Overall Climate Risks

This chapter presents an overview of key findings from the risk
assessment. The comprehensive results can be found in APPENDIX B, and
an overview of the approach to evaluate impacts and risks is found in
APPENDIX A.

o

TR

Yo'l LN - ' | L Overall, this assessment finds that the projected climate changes
: Wk : detailed in CHAPTER 2 could have significant impacts to
Pennsylvania's people, environment, infrastructure, and economy.
Key findings include:

m Increasing average temperatures and heavy precipitation and
inland flooding emerged as the two highest-risk hazards by
mid-century, and could have harmful effects across the entire
state and all sectors.

e Increasing temperatures have the highest consequences for
human health and environmental justice and equity, especially
in urban areas.

e Extreme precipitation events and flooding could also have
severe consequences to human health, agriculture, and built
infrastructure, with populations, farms, and infrastructure
located in or near floodplains at particular risk.

m Heat waves will become increasingly common and will create
health and economic risks for vulnerable populations, including
E low-wealth populations, the elderly, pregnant people, people with
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certain mental illnesses, outdoor workers, and those with
cardiovascular conditions. These risks will be particularly acute in
areas subject to the urban heat island effect.

All hazards; especially heat waves, increasing temperatures, and
flooding, could affect public health negatively. For example, higher
temperatures mean more days with hazardous heat conditions or
reduced air quality, and increased risk of heat-related illness and,
indirectly, vector-borne illness. Flooding increases the risks of
direct injury from flood waters and of illness caused by
contaminated water.

Climate change will not affect all Pennsylvanians equally. Some
may be more at risk because of their location, income, housing,
health, or other factors. As Pennsylvania works to reduce its
climate risks, it should also address these inequitable impacts
and ensure that adaptation efforts do not worsen them.

Landslides and sea level rise pose relatively low risks statewide
but can cause severe impacts in the locations where they occur.
For example, sea level rise in the Delaware Estuary could
drastically change its ecology and threaten the built
infrastructure near the tidal zone. Landslides can have severe
consequences if they cut off critical transportation routes,
particularly in rural areas of Southwest Pennsylvania.

For changes that will come on gradually, such as rising
temperature, Pennsylvania has an opportunity not only to reduce
potential harm, but also to capitalize on potential positive
changes. This is particularly true for rising average temperature,
which could allow for warmer-weather crops, expanded
warm-weather recreation and tourism, and lower wintertime
heating energy demand.

3.1.1 Overall Impacts by Category

Human Health

One of the largest climate-related threats to human health in
Pennsylvania is heat waves, which cause mortality and morbidity and
are projected to increase significantly. Relatedly, increasing average
temperatures will likely contribute to worsened air quality and
encourage the spread of vector-borne diseases. As with heat waves,
severe cyclones and heavy precipitation are expected to increase and
can both directly and indirectly cause mortality and morbidity.

Key Potential Consequences from
Heavy Precipitation and Flooding

Flood damage to homes,
businesses, and critical energy
and transportation
infrastructure, particularly those
located in floodplains

Health risks from injury from
flood waters or water quality
contamination

Agricultural impacts including
increased risk of runoff, erosion,
and nutrient leaching, and
greater challenges to timing of
crop planning

Wide-ranging economic
impacts, from disruptions to
recreation and tourism to
infrastructure service
disruptions

Disproportionate impacts in
vulnerable communities

Key Potential Consequences from
Increasing Average Temperatures

Increase in health and safety
risks, such as more days with
hazardous heat conditions for
outdoor workers and reduced air
quality from higher ground-level
ozone and increased pollen

Potential increased energy
burden for low-wealth
households

Gradual shifts in growing
seasons, suitable habitat range,
and ecosystems

Increase in pests, invasive
species, and diseases (e.g.,
Lyme disease)

Change in outdoor recreational
opportunities (e.g., severe
reduction in snow- and ice-
based winter recreation and
tourism)
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Environmental Justice and Equity

The greatest climate-related risks to human health (i.e, increasing
temperatures/heat waves and severe storms/heavy precipitation) are
expected to disproportionately impact communities in Pennsylvania
that are within EJ areas and thus, are already overburdened by
hazards and other structural disadvantages. Sea level rise is not
expected to disproportionately impact these populations from a
statewide perspective. However, those along the Delaware River who
live in affordable housing, which has been found to have a higher risk
compared to standard housing, may be more sensitive and less able
to adapt to coastal flooding.

Agriculture

The agricultural sector is expected to be impacted mostly by
increasing average temperatures, as well as increased flooding from
severe cyclones and other heavy precipitation events. Increasing
temperatures will shift growing seasons and plant hardiness zones,
and increased flooding will cause runoff, erosion, and challenges with
the timing of crop planting or harvesting. Temperature and
precipitation shifts will also change the range for pests and diseases,
exposing new threats to the interlinked environmental, animal, and
human health systems. Heat waves will also cause stress to livestock,
in addition to crops, and threaten agricultural workers’ health and
productivity.

Recreation and Tourism

Recreation and tourism in the Commonwealth will be most impacted
by increasing average temperatures, which are expected to
negatively impact snow and ice-based recreation and have the
potential to contribute to harmful algal blooms that discourage

fishing and other freshwater-based recreation. High temperatures
can also exacerbate air quality concerns and make active outdoor
recreation more difficult. Although the warm-weather season is
expected to lengthen, warm-weather activities can have a mixed
impact given the potential increase in the spring and fall and
decrease during heat waves in the summer. Increases in the severity
of cyclones and other heavy precipitation events will likely cause
disruptions at Philadelphia International Airport and closures of state
parks and forests.

Other Economic Activity

Increasing temperatures can cause fatal stress to forests and thus
negatively impact the forest products industry, which employs 10%
of Pennsylvania's manufacturing workforce. Heat waves will likely
decrease the productivity of workers who engage in physical activity
outdoors. Cyclones can temporarily disrupt economic activity, with
significant consequences for the energy sector and small
businesses dependent on electricity. Additionally, flooding impacts
on transportation networks and power supplies can have
downstream consequences on other sectors.

Forests, Ecosystems, and Wildlife

Increasing average temperatures are expected to shift suitable
habitat for tree species to higher latitudes and elevations, which may
have a neutral effect given that species at the southern extent of
their range in Pennsylvania would have less suitable habitat, whereas
those at the northern extent would have more. Longer growing
seasons may increase overall growth rates; however, this may be
offset by increased mortality in stressed forest species.
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Built Infrastructure — Energy, Transportation, and Other

affect nearly every aspect of life in the Commonwealth, from
infrastructure design to energy costs, recreational opportunities,

Climate change can stress infrastructure as it begins to experience . . .
agricultural practices, and the natural environment.

conditions it may not have been designed to withstand. Increasing
average temperatures, including heat waves, will increase energy
usage for cooling in the summer, potentially straining the grid. In
contrast, heating needs are expected to decrease in the winter.

Figure 26. Overall summary risk matrix (2050)

Risk Matrix- 2050

Higher temperatures will also impact the service life of buildings and Highiy g:;t.\z ﬂm? & ireasing averge
possibly increase maintenance costs. More frequent heat waves and 56 ' T o Hesvy precipitation
. . 484 and flooding
more severe flooding events can cause costly transportation Likely A!= 0 Heatviaes
network disruptions. Severe cyclones and other heavy precipitation 3 Y
events can cause damage to all building types (residential, £ Possile A Lensices
commercial, and industrial) and overwhelm urban stormwater and > @fﬁﬁi!ﬁﬁfﬁh
cyclones
wastewater management systems. Uniikely Fﬁks{ﬁi
High
3.1.2 Risk Assessment Results Overview o
Minor Limited Critical Catastrophic
. . Conseauence
Risks from all the analyzed hazards are expected to increase from
the present-day through 2050 by varying degrees. The Table 5. Overall risk assessment results
Commonw.ealth sutjbsequently needs to F)Ian for more significant and Climate Hazard Current Risk 2050 Risk
complex climate risks. These results are intended to help understand Rating (Score) Rating (Score)
relative risk and inform priority adaptation strategies in the CAP. 1 | Increasing average Medium (5.3) High (10.7)
They are not a comprehensive or prescriptive assessment of all temperatures
potential risks to Pennsylvania. 2 | Heavy precipitation and inland High (9.9) High (9.9)
. . flooding
Table 5 and Figure 26 summarize the overall risks at present and by s | H Modium (47) High (9.3)
. . . . . eat waves edium b | o
2050. As seen in Table 5, flooding is currently the highest-risk 8
. . . . . 4 | Landslides Medium (5.6) Medium (5.6)
hazard facing Pennsylvania, but risks from increasing average
temperatures and heat waves could rise to be as high as flooding is 5 | Sealevelrise Low (1.9) Meditimi(56)
today by mid-century. Flooding from extreme rain events affects 6 | Severe tropical and Medium (5.3) Medium (5.3)
extra-tropical cyclones

built infrastructure, human health, and agriculture, with ripple effects
throughout the economy. Increasing average temperatures will likely
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Finally, Figure 27 and Figure 28 show the overall risk for each hazard
and consequence category. The maximum possible overall risk rating
is 16. Priority climate risks per consequence category can help
identify adaptation priorities for the CAP per sector. The values

individual

consequence score, and

represent the product of the 2050 likelihood rating and the
reflect the key findings
mentioned earlier. For more information on how the risk score was
calculated, see APPENDIX A.

Figure 27. Total risks by hazard and sector (scores within the table are hazard likelihood rating x consequence rating)

CLIMATE HAZARD

IMPACT CATEGORY ‘
Environmental . . Forests, .
Human Health Justice and Agriculture Recreatl_on and | Other EFc:nomm Ecosystems, and 23
. Tourism Activity - Infrastructure
Equity Wildlife
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average 12 12 8 12 8 16 4
temperatures
Heavy
Precipitation and 12 8 12 8 8 8 12
Flooding
Heat Waves 16 12 8 4 8 4 8
Landslides 3 6 & 3 6 3 12
Severe tropical
and Extra-tropical 6 4 6 4 4 4 8
cyclones
Sea Level Rise 3 3 3 3 6 6 12
Legend
Low Risk Medium Risk High Risk Extreme Risk
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Heat Waves

Heavy precipitation and inland flooding

Figure 28. Summary of consequences and risks by hazard
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Impacts to human health are one of the greatest risks, especially
related to extreme heat. Increasing average temperatures and heat
waves are projected to increase heat-related illnesses or deaths,
allergies, violent crimes, and anxiety and mood disorders. Populations
at greater risk from these heat-related hazards include the elderly,
young children, low-income communities, pregnant people,
individuals with cardiovascular disease, unhoused populations, and
outdoor workers. Nights where temperatures remain above 68°F can
be dangerous for human health as the body may not be able to cool
down from the heat stress of the day. This deprives the body of a
much-needed relief and could add additional physiological strain,
increasing the risk of heat-related health impacts.°® Flooding and
severe cyclones can also have severe health impacts as critical
services are disrupted and conditions are more hazardous. Figure 29
summarizes the health impacts of climate change. The impacts to
human health of natural disasters and extreme weather events are felt
more strongly among racial and ethnic minority populations as
minority populations have a higher mortality rate from these events."©

Key Terms: Additional key terms are included in Table 1.
Glossary of key terms.

Risk - The chance a climate hazard will cause harm. Risk is a function
of both the likelihood of an adverse climate impact occurring and
the severity of its consequences (i.e, Risk = Likelihood x
Consequence).

Climate hazard - Changes or events related to global climate
change. Climate hazards can be discrete (e.g, severe storms) or
ongoing (e.g. increasing average temperatures).

Impact - The effect of a climate hazard.

Likelihood - The probability that a climate hazard will occur or its
expected frequency.

Consequence - A measure of the severity of impacts from a climate
hazard.

Environmental Justice (EJ) areas - A geographic area
characterized by increased pollution burden, and sensitive or
vulnerable populations based on demographic and environmental
data. EJ areas in Pennsylvania are defined at the census block group
level based on more than 30 environmental, health, and
socioeconomic indicators.
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Figure 29. Impacts of climate change on physical, mental, and
community health
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As reflected in Figure 29, consequence categories face significant
and varying risks from different hazards. For example, forests,
ecosystems, and wildlife face extreme risk from increasing
temperatures but medium risk from heat waves. Ecosystems are
generally more sensitive to long-term changes rather than
short-term extreme events. On the other hand, the agricultural
sector faces similar risks from increasing temperatures and heat
waves. Livestock and crops are susceptible to heat stress from both
increasing average temperatures, especially in the summer, and
heat waves. For built infrastructure, landslides, sea level rise, and

severe tropical and extra-tropical cyclones received catastrophic
individual consequence ratings. However, the likelihood of these
events differs. When factoring in likelihood, landslides, sea level rise,
and heavy precipitation and flooding (which received a critical
consequence rating) emerge as extreme risks to built infrastructure.

In APPENDIX B, risk summaries by hazard are presented in order from
the highest to lowest overall risk:

m Increasing Average Temperatures

m Heavy Precipitation and Inland Flooding
m Heat Waves

m Landslides

m Sea Level Rise

m Severe Tropical and Extra-Tropical Cyclones

Each summary includes an overview, a summary risk matrix, a
summary table of scores and high-level justifications, followed by a
more detailed description of each likelihood and consequence
rating. The information presented in the risk summaries is derived
from prior impacts assessments and updated with any new
literature or information available since the 2021Impacts
Assessment was completed. These summaries describe the risks to
the Commonwealth from each climate hazard. While the likelihoods
associated with climate hazards vary, the dangers posed by each are
evident. To reduce these impacts on Pennsylvania, the
Commonwealth must act to address priority adaptation needs.
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3.2 Approach Overview

The Impacts Assessment applies a risk-based method that
evaluates both the relative likelihood and consequences of key
climate hazards across sectors. Based on the previous Impacts
Assessment, the risk assessment focuses on six primary climate
hazards expected to affect the Commonwealth:

m Increasing average temperatures

m Heavy precipitation and inland flooding

m Heat waves

m Landslides

m Sea levelrise

m Severe tropical and extra-tropical cyclones

The process for analyzing and evaluating each hazard is shown in
Figure 30. The likelihood of each hazard occurring is evaluated on a
scale of one to four and the severity of each consequence is also
evaluated on a scale of one to four for the following categories:

® Human health

m Environmental justice and equity

m Agriculture

m Recreation and tourism

m  Other economic activity

m Forests, ecosystems, and wildlife

m Built infrastructure

Based on the product of its likelihood and consequence scores, each

hazard then receives an overall risk rating per the matrix in Table 6.
Therefore, two hazards with similarly high consequence scores could

have significantly different risk ratings if the likelihood scores are
different. The likelihood and consequence rating scales, among other
methodological details, can be found in APPENDIX A.

The assessment assumes that there have been no adaptation
actions or policy changes to capture the “business-as-usual” risk.
Thus, the results indicate where Pennsylvania has an opportunity to
reduce risk, recognizing that some hazards or specific impacts may
be easier to address than others.

Table 6. Risk rating matrix and scoring rubric

Risk
Consequence Score | Rating
Minor | Limited | Critical | Catas- (low end
Likelihood trophic inclusive)
Likely 8 6 9 6-11.9 | High
Possible 2 4 8 3-5.9 | Medium
Unlikely 1 2 3 4 1-2.9 | Low

While all types of consequences have the potential to impact
populations living in EJ areas, impacts in those areas are also
specifically described in the environmental justice and equity
consequences section for each hazard in APPENDIX B.

To quantitatively and geospatially evaluate potential environmental
justice and equity consequences, the Impacts Assessment uses
Pennsylvania EJ areas identified from PennEnviroScreen. An EJ area
is any community facing EJ issues, which are based on more than
30 environmental, health, and socioeconomic indicators. EJ areas
serve as a proxy for already overburdened areas. This indicator does
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not capture all impacts on overburdened populations (e.g., it does
not capture impacts on overburdened populations not located in EJ
areas). Nonetheless, it is valuable to begin examining structural
disadvantages, and this assessment also draws on other information
to supplement where possible given its limitations. Figure 31 shows
where EJ areas (at the block group level) are located across the
Commonwealth, featuring inset maps of Philadelphia and Pittsburgh
where higher population density makes block group shading less

legible in the statewide map.

This analysis is not a comprehensive bottom-up assessment. While
based solidly on evidence from past Impact Assessments, recent
literature, and updated climate projections,™ the
decision-centered approach recognizes uncertainty and
emphasizes practicality. Rather than aiming for a perfect
characterization of risk, this approach focuses on gathering
information at a sufficient level of detail to enable prioritizing the
adaptation actions that can be taken to reduce risks. Further, it
provides the foundation for PA DEP to easily revisit the results of
the assessment as priorities or circumstances change.

Figure 30. Risk assessment overview
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Figure 31. Environmental Justice census block groups in Pennsylvania
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CHAPTER 4

Spotlight Issues

APPENDIX B provides a thorough, structured description of the risks
of climate changes across Pennsylvania, spanning hazards and key
consequence categories. This chapter provides additional analysis
and discussion of three spotlight issues that have been relatively less
understood or under-studied in previous iterations of the Impacts
Assessment: 1) Flooding Impacts to Air Quality and Health; 2) Heat
Impacts to Occupational Exposure and Public Health; and
3) Climate Change Impacts to Energy Resilience.

4.1 Flooding Impacts to Air Quality and
Health

Between 2010 and 2022, Pennsylvania recorded 663 unique flood and
flash flood events. During this time, the counties with the most
recorded flood events are in the southwest, southeast, and northeast
parts of the state." Flash flood events are expected to become more
frequent in the Commonwealth due to climate change. Climate
change projections suggest that the risk of flooding in Pennsylvania
will increase in coastal regions due to sea level rise.

4.1.1 Health Impacts of Flooding

Flood events pose an acute risk to human health, at both the
community and individual levels.
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Direct impacts on human health include:"™"

Drowning or serious injury due to slips, falls, and cuts from debris
carried by floodwater.

Bites or stings from displaced insects and animals.
Hypothermia following prolonged exposure to cold water.

Negative mental health effects, including exacerbated mood
disorders (i.e, anxiety, depression, etc.), substance use, and
post-disaster trauma.

Indirect impacts on health include."smé1718119

Malnutrition, dehydration, and gastrointestinal distress due to food
and water scarcity.

Water-borne diseases, such as legionellosis, E. coli, and
cryptospriridiosis due to contaminated drinking water stores. The
risk for contamination is particularly high in unregulated private
drinking water sources.

Skin infections from exposure to contaminated floodwaters.
Respiratory conditions, due to mold and contaminant exposure.

Mosquito-borne diseases, due to the standing water breeding
grounds created by flooding.

Inhibited access to hospitals and pharmacies due to flooded or
damaged infrastructure.

Exposure to runoff from contaminated hazardous waste sites.

Exposure to coal ash from flooding of unprotected coal ash
impoundments.

Infrastructural impacts on health include:?°

Flooding and damage to roads, bridges, and healthcare facilities,
which may inhibit access to necessary health services.

Damage to sewer, septic, and water supply systems, which can
contaminate water with harmful chemicals and pathogens and limit
access to safe drinking water.

Spread of water-borne diseases due to contaminated water
supply from sewage overflow and post-flooding standing water.
Although Pennsylvania has been a leader in implementing green
stormwater infrastructure, most stormwater and combined (storm
and sanitary) sewers were not designed for the flows projected
with climate change.

Roadway disruptions and building damage during a flood, which
may cause driving collisions or limit emergency services access.

Damage to public transit, which can inhibit evacuation capacity,
particularly for vulnerable communities.

Power outages can cause injury, reduce access to life saving
medical equipment, and cause refrigerated foods to spoil, that if
eaten can cause illness.

4.1.2 Indoor Air Quality

Damage to buildings during and after flood events can contaminate
indoor air with toxins including carbon monoxide, lead, asbestos, and
mold and mildew spores (Figure 32).
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Lead & Asbestos

Asbestos was a standard material used in building construction until
the 1970s, and asbestos mining in the U.S. continued through 2002."
Lead-based wall paint was standard until 1978.122 Asbestos becomes
friable if it is exposed to water or moisture and it releases dangerous
asbestos fibers into the air. Similarly, water exposure can cause paint
to peel, creating inhalable leaded dust.

Figure 32. Effects of flooding on indoor air quality (IAQ) and health
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Exposure to asbestos can incur asbestosis, the scarring of lung tissue
when breathing asbestos fibers; pleural disease, a group of lung
conditions that affect the tissue surrounding the lungs and chest cavity;
lung cancer; and mesothelioma, a rare form of cancer that impacts the
lung, chest, abdominal cavity, or membranes surrounding internal
organs.'”® Lead exposure can incur damage to the brain and nervous
system, leading to stunted growth and development, learning and

behavioral challenges, and hearing and speech impairments.'?* Children
are particularly at risk of these effects.

Carbon Monoxide

Carbon monoxide is an odorless poisonous gas that can cause
headaches, nausea, and dizziness, serious tissue damage, and
death.””® Floods may result in power outages, necessitating the use of
backup generators. Generators produce carbon monoxide, and users
are at risk of carbon monoxide poisoning without proper ventilation.

While carbon monoxide poisoning is a threat to everyone, young
children, elderly people, and those with lung or heart conditions are
more susceptible to carbon monoxide poisoning. As young people
breathe faster, they could inhale more of the toxic fumes per pound
than others.”® The negative effects of carbon monoxide may affect
those over 65 years of age more since they are more likely to be
suffering from multiple health problems and their bodies are also less
able to deal with oxygen deprivation.’?126 People with chronic heart
disease, a history of anemia, and breathing problems are also more
likely to get sick from exposure to carbon monoxide. These health
conditions are disproportionately present within low-wealth
populations.’?9130

Mold & Mildew

The moisture left after flooding supports mold and mildew growth, and
the released spores impact IAQ and health. 1821331834 Exposure
exacerbates respiratory conditions and increases the risk of children
developing asthma, allergies, infections, and bronchitis (Figure 32).1%5
Older adults and those with compromised immune systems and
existing lung conditions, for example, former coal miners with Black
Lung, are also particularly at risk.®®3” Symptoms of mold exposure
include eye irritation, sinusitis, headaches, dizziness, or fatigue.
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4.1.3 Vulnerability and Climate Justice

When residential buildings are damaged, those that lack the ability
to evacuate, who cannot afford relocation, or who are tasked with
cleaning and remediating flooded homes are at heightened risk of
harmful, flood-related exposures. Elderly populations are particularly
vulnerable to carbon monoxide poisoning due to a decreased
capacity to manage oxygen deprivation and an increased likelihood
of preexisting conditions, both of which can exacerbate carbon
monoxide poisoning.®® Low-wealth communities may lack the
resources to pay for professional remediation services, prolonging
their exposure. A lack of adequate adult education exacerbates this
issue as individuals may not be aware of practices such as using
N-95 or other respiratory protection while mud mucking homes and
may hold the common misperception that bleach adequately
addresses mold resulting from flooding. Socially vulnerable
populations are more likely to reside in flood-prone areas.®® These
populations may lack access to a vehicle or reliable transportation,
another key vulnerability if evacuation is required. Accordingly, older
age, lower socioeconomic status, racial and ethnic minority status,
and non-U.S. citizenship are significant risk factors for post-flood
related harm.“® Other vulnerabilities include language barriers to
understanding remediation and cleaning guidance, the cost of flood
insurance, and access to federal funding for post-flood recovery
efforts.

Across the U.S., low-income and low-wealth populations are more
likely to live in inland flood zones."' In Pennsylvania, EJ areas are found
in coastal areas along the Delaware River and Lake Erie. Figure 33
shows flood risk and EJ areas based on DEP's EJ areas data.'*?
Figure 34 shows flood events by PA county, and EJ areas.”® Across
Pennsylvania, EJ areas are about 1.2 times as exposed to flood risk.
Across the Commonwealth, 5.2% of Pennsylvania is located within a

Federal Emergency Management Agency (FEMA) 100-year floodplain,
whereas 6.2% of EJ areas sit within the 100-year floodplain.

Over half of all EJ areas are within the five Pennsylvania counties that
experienced the largest number of flood events from 2010-2022. Over
three-quarters of EJ areas are within or bordering counties that have
had higher frequencies (54+) flood events from 2010 to 2022, as
shown in Figure 34. All counties in Pennsylvania with more frequent
flood events (54+ from 2010 to 2022) contain at least one EJ area.
Across the Commonwealth, EJ areas face higher flood risks than
non-EJ areas.
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Figure 33. Flood risk and EJ areas
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Figure 34. Flood count by county and EJ areas

Centre County Gavernment, data.pa.gov, Esri,
TomTom, Garmin, FAO, NOAA, USGS, EPA, NPS,
USFWS

Legend
Flood Count, 2010-2022

[ ]o-8
[ ]9-15
[Ji1e-22
[ 123-33
[ 134-53
54 - 103
B 104 - 218
B 219 - 403

EJ Areas

[ ]Environmental Justice
Areas

Did you know? Flooding in areas with industrial sites can expose
nearby communities to higher levels of contaminants. Contaminants
from industrial sites can include asbestos, lead paint in buildings, as
well as contaminated soil. Chemicals stored on site, including fuels,
could be at risk of spilling during flood events. A study of six U.S. cities
conducted in 2022, identified 679 relic industrial sites (out of use
since at least 2009) at risk of flooding. The study includes the
following cities and their urban areas: Providence, Rhode Island;
Houston, Texas; Philadelphia, Pennsylvania; Portland, Oregon; New
Orleans, Louisiana; and Minneapolis, Minnesota. There are
14,000 Philadelphians whose houses are flood-prone who live in close
proximity (at the block level) of industrial relic sites. These at-risk
areas tend to be disproportionately inhabited by socially vulnerable
groups including minority and low-income households.

Approximately 43% of Philadelphia Census Block Groups are
classified as Environmental Justice Areas. The study does not indicate
whether the industrial sites and impacted communities reside in EJ
areas as defined by Pennsylvania Department of Environmental
Protection.
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Housing Justice

Resource inequities, lack of transportation, physical disabilities, or lack
of alternate shelter all contribute to some residents remaining in
flood-damaged housing during and after a flood. Sheltering in place
during flood conditions increases exposure to poor |IAQ and the
associated health effects as described above.

As flooding becomes increasingly frequent and severe, managed
retreat offers a promising solution for at-risk communities. Managed
retreat entails the intentional and coordinated movement of people,
housing, and infrastructure from hazard-prone areas. However, given
the long-term and complicated logistics of this approach, a failed
attempt may leave communities worse off. Large-scale urban renewal
was attempted in Eastwick, a flood-prone community in southwest
Philadelphia, from the 1950s to 1980s. But White flight depleted
demand for homes in the neighborhood, and the 4,000 demolished
homes were replaced with only 500 new ones. The neighborhood
became burdened by more environmental injustices in the following
decades, including landfills and repeated floods."#

Major disaster recovery programs in the U.S. identify greatest need
based on the extent of physical damage to residences. Those who can
prove they owned things that were destroyed, including homes, are
able to receive recovery funds.“® Thus, low-income homeowners
receive less repair assistance.*® This approach results in more
assistance being provided to those who had more to begin with,
amplifying existing wealth disparities.” This approach fails to
consider the needs of socially vulnerable populations, including
renters.*® Renters in Pennsylvania make up nearly 50% of households
in EJ areas and under 30% in non-EJ areas, on average.*® Although
rental homes make up 30% of households in Pennsylvania, less
than 25% of homes that received FEMA Hazard Mitigation Assistance
funding were rental properties between 1994 and 2019.%° Rental

housing tends to take longer to recover post-flooding and renters are
less likely to return to their original places of residence after a flood
due to displacement.” The lack of investment in renter communities
could impact their ability to recover after a flood event.

Finally, flooding has particularly disproportionate impacts on people
without adequate housing including those experiencing
homelessness. As extreme precipitation events become more
intense, unhoused populations become more exposed to fast-moving
floodwaters, and their belongings are more likely to become wet and
damaged. Wearing wet clothing for long periods of time can lead to
health impacts such as hypothermia or wound infection.®® Emergency
shelters in Philadelphia have already observed these types of
impacts.’®?

Housing justice —the “idea that everyone deserves safe, affordable,
and health-promoting housing regardless of race, income, gender,
ethnicity, ability, and more”"—is a critical approach to mitigate these
inequitable exposures and impacts. Housing justice initiatives may
provide vulnerable populations with temporary safe housing during
and after a flood event, cleaning and remediation services, and
assistance with permanent relocation outside of the floodplain. These
solutions may include rent control, public housing, and access to
housing recovery programs.’s*
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4.2 Heat Impacts to Occupational
Exposure and Public Health

As climate change steadily increases ambient temperatures and the
number of annual high heat days, the impact of heat on human health
is a growing concern. In some parts of Pennsylvania, the annual
number of days over 9O°F is projected to surpass 77 days per year by
2050, significantly more than the statewide historic average of
six days per year.

4.2.1 Health Impacts Overview

Heat is the deadliest climate hazard. In the United States,
approximately 1,220 people die from extreme heat each year.s®
Indirect heat-related injuries, illnesses, and fatalities are not included
in this number. Extreme heat leads to cellular damage and inadequate
blood flow to organs, and these effects underlie the direct impacts of
heat exposure, including dehydration, heat cramps, heat exhaustion,
heatstroke, and hyperthermia. Children, elderly populations, and
pregnant people are particularly at risk. Additional, indirect impacts
include the following:

m Increased risk of accidental injury due to dizziness, fatigue, sweaty
palms, or fogged-up safety glasses in jobs that require protective
gear.'®®

m Elevated incidence of food and water-borne disease due to heat
creating favorable conditions for bacteria.

Did you know? In communities affected by major storms, terms like
“Sandy Cough,” “Katrina Cough,” and “Long Island Cough,” are used to
describe symptoms that appear following a major storm event. These
coughs are associated with poor indoor air quality and exposure to air
pollutants following storm events, including the post-storm
reconstruction and clean-up.

Hurricane Sandy, the second costliest storm in U.S. history, made
landfall in New York and New Jersey in 2011 and caused extensive
flooding, which resulted in environmental conditions that increased
the risk of lower respiratory symptoms. Evidence indicates that
Sandy-related exposure led to an increase in emergency department
visits for respiratory conditions immediately following the superstorm.
One study found that one-third of study participants reported
post-Sandy lower respiratory disease with exposure to clean-up and
reconstruction in 2011, increasing the risk for lower respiratory disease.
Participants of this study previously had exposure to the World Trade
Center Disaster in 2001. Sandy also resulted in four reported fatal
cases of carbon monoxide poisoning in Pennsylvania.

m Exacerbation of chronic conditions, including respiratory or

cardiovascular diseases due to a reduction in low-cost outdoor
physical activity options.

m Mental health stress, including exacerbated mood disorders and

heightened suicide rates.’®"1%8

Figure 35 depicts the different ways in which high or prolonged heat
can affect human health. People who work outdoors are

disproportionately exposed to extreme heat and are at higher risk of
suffering the associated health effects.
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Figure 35. Heat impacts on health
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4.2.2 Air Pollution

Air pollution poses an acute risk to health.®® In 2019, outdoor air
pollution is estimated to have caused 4.2 million premature deaths
globally.®® In Pennsylvania, poor air quality can be attributed to
industrial facilities, electricity generation, vehicle exhaust, and
chemical solvents from within the state and beyond the borders.
Out-of-state sources include global ozone concentrations and
wildfire smoke. Within the state, junkyard and tire fires in Philadelphia
(seven between June 2022 and August 2023) also contributed to
poor air quality, triggering city-wide emergencies and stay-at-home
Orders‘161,162,163

Air pollution is associated with a wide range of health effects including
increased hospitalization and mortality in individuals with heart
disease or chronic obstructive pulmonary disorder (COPD);
exacerbated respiratory conditions, including asthma and bronchitis;
lung tissue inflammation; reduced lung function; increased risk of
heart attacks and heart failure; and long-term cancer risk and immune
system suppression. The primary components of air pollution include
particulate matter (dust from vehicle exhaust, construction activity,
wildfire smoke, and more), ozone, nitrogen dioxide, sulfur dioxide, and
volatile organic compounds. These components can cause blood
vessel inflammation and disrupt the autonomic nervous system.'¢4

High temperatures and air pollution often coincide as they share some
of the same underlying drivers.®® Ozone levels increase in the
presence of light (UV rays from the sun), so that sunny days tend to
be the ones with poor air quality. Fossil fuel electricity production and
construction both peak in the summer as well. The combination of
poor air quality and heat on health results in worse health outcomes
than either poor air quality or heat alone.®® Heat exposure and air
pollution causes cell damage which can exacerbate preexisting health

conditions. The combination of heat-induced cell damage and
dehydration alongside air pollution-induced inflammation and
restricted blood flow results in compounded biological disruption and
health effects.

Figure 36. Pennsylvania counties experiencing high heat and moderate
or unhealthy air quality days overlaid with 2023 EJ areas

In 2022, 26 counties in Pennsylvania experienced high heat days that

Legend
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Data not available
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B 19 -36
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[ Environmental Justice
Areas

Centre County Government, data.pa.gov, Esri,
TomTom, Garmin, FAQ, NOAA, USGS, EPA, NPS,
USFWS

overlapped with poor air quality days (Figure 36 and Figure 49).'67 Of
these high heat days, 26% were also classified as moderate or
unhealthy air quality days, 13% of moderate or unhealthy air quality
days were also classified as high heat days. Philadelphia County had
the greatest number of high heat days and Lancaster County had the
greatest number of moderate and unhealthy air quality days. Available
air quality and high heat information by county is included in Table 20.

4.2.3 Occupational Hazards

As heat waves increase due to climate change, outdoor workers will
be increasingly at risk of related illness.'® Exposure to heat, direct sun,
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and humidity are concerns for workers in unventilated and outdoor
workspaces, particularly those who are 65 years or older, overweight,
have preexisting cardiovascular conditions, who take certain
medications, as well as individuals unacclimated to full days in
excessive heat.'®® Approximately 10% of Pennsylvania’s workforce is
65 or older and as of 2023, approximately 1.6 million Pennsylvanians
(27%) work outdoors.”’%™ The transportation, warehousing, agriculture,
forestry, fishing, hunting, mining, quarrying, and oil and gas extraction
sectors require outdoor work with a significant proportion of industry
employees over age 55."2

From 2000-2010 in the U.S, heat-related deaths occurred the most
in outdoor environments. Further, the Workers Compensation
Research Institute (WCRI) recently found that there are increases in
the frequency of injuries by 5-8% per county on a day when the
outside temperature surpasses 90°. Even at temperatures ranging
from 75-90° in the Northeast, there is a 3-4% increase in the number
of injuries.”® Workers with high rates of outdoor exposure include
those in agricultural, construction, landscaping and grounds keeping,
mail and package delivery, and highway maintenance work, as well as
recreational personnel, oil and gas well operators, and first
responders.”47® The risk of heat-related death was 35 times higher in
the agriculture sector and 13 times higher in construction, as
compared to all other industries.”®

An estimated 1,050 injuries and ililnesses due to heat exposure in
Pennsylvania were reported to the Bureau of Labor Statistics between
201 and 2020 (see Table 7). There was a significant spike in the
number of reported injuries and illnesses due to heat exposure in 2014
(as shown in Table 7), however it is unclear what caused this increase.
In 2021, 26 deaths in Pennsylvania could be attributed to excess heat.
This number includes those who were exposed to heat through
outdoor work and through other work activities."””

New workers are at increased risk of illness due to outdoor heat
exposure, with almost half of heat-related fatalities occurring on a
worker's first day on the job, and 73% of heat-related deaths occurring
during a worker's first week.”® There are two types of workplace
injuries caused by heat: direct and indirect. Indirect injuries occur
when heat impacts a worker’s perception, motor, or cognitive abilities,
leading to accidents. For instance, a worker may faint, fall off a ladder
and break his or her leg but this injury would likely be reported as a
broken bone instead of a heat-related iliness. Therefore, the actual
number of heat-related illnesses, injuries, and fatalities among
outdoor workers is likely underreported, as these cases are often
documented as heart attacks or other illnesses or injuries indirectly
caused by heat exposure'”®

Table 7. Worker illness and injuries due to heat exposure in
Pennsylvania

Year Injuries or llinesses Count

201 90
2012 40
2013 130
2014 410
2015 90
2016 30
2017 30
2018 80
2019 100
2020 50

Source: Databases, Tables & Calculators by Subject (bls.gov)
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4.2.4 Social and Occupational Vulnerability

According to the U.S. Census Bureau, almost 25% of the U.S. population
is socially vulnerable to extreme heat.”®© Socioeconomic status, race
and ethnicity, region, housing, incarceration, underlying health
conditions, and citizenship status all impact vulnerability.

Several factors underlie these disparities. Racial and ethnic minorities
and low-income populations are less likely to have air conditioning than
other groups. Preexisting chronic health conditions are more prevalent
among BIPOC and low-income populations due to reduced access to
health care, education, generational wealth, and other factors
exacerbated by systemic racism. People with lower educational
attainment are more likely to work high-risk jobs, and racial and ethnic
minorities are disproportionately represented in the outdoor labor
force.®®2 Low-income and low-wealth groups additionally have reduced
access to healthy food and increased exposure to chronic stress. The
confluence of these factors puts these populations at heightened risk
of acute and chronic health conditions and renders them more
vulnerable to heat-related illness.!83184185186

Outdoor workers in urban areas, regardless of their socioeconomic or
demographic background, are at particular risk of poor health
outcomes as they are more likely to be exposed to high temperatures
in combination with unhealthy air quality.®” Urban centers tend to be
especially hot due to the heat island effect (gray infrastructure
absorbing and re-emitting heat) and their minimal tree cover.
Intra-urban heat islands are often linked to demographic factors such
as income and race.®® On average, low-income blocks have less tree
cover than high-income blocks. In the Northeast region of the U.S,
low-income blocks have up to 30% less tree cover and are 7.2°F hotter
than higher income counterparts.’®® Daytime temperatures in urban
areas are about 1-7°F higher than outlying areas and nighttime
temperatures are about 2-5°F higher.'°

Formerly redlined neighborhoods have ongoing vulnerability, with some
neighborhoods experience temperatures 22°F hotter than others.
Redlining can be defined as a discriminatory practice that consists of
the systematic denial of services such as mortgages, insurance, loans,
and other financial services to residents in certain areas, based on their
race or identity.® Communities in historically redlined neighborhoods
are disproportionately low-income with majority racial and ethnic
minority populations.¥21®3 Philadelphia is one example of a city where
communities in historically redlined neighborhoods are experiencing
more extreme high temperatures, though this is a common
phenomenon in urban areas across the United States.

Pennsylvania’s rural areas are economically vulnerable, with aging
populations that experience higher rates of unemployment and lower
incomes.®* Across the United States, people in rural areas often lack
adequate access to health and healthcare®® Over 25% of
Pennsylvania’s rural populations live in federally designated Health
Professional Shortage Areas.®® These areas will also be
disproportionately burdened by the cost of climate change related
damage. Estimates project that rural Pennsylvania will spend nearly
60% more per capita on cooling centers by 2040 compared to the
statewide average, and that costs will reach $5,990 per capita
by 2040 for climate-responsive infrastructure (roads and bridge
repairs, landslide prevention, and cooling centers).”’

Incarcerated populations may be at a heightened risk of heat related
illness. In 2023, approximately 39,000 individuals were incarcerated
within the Pennsylvania Department of Corrections (DOC). Black
Pennsylvanians are six times more likely than White Pennsylvanians to
be housed within the DOC and are more likely to represent the socially
vulnerable to extreme heat, including a prevalence of preexisting
chronic health conditions. In 2023, the DOC reported that of the
24 state correctional institutions, 15 facilities are air-conditioned, but
nine facilities had only partial air-conditioning. During periods of
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extreme heat, the DOC provides additional water and ice, circulates
air with fans, and limits outside recreation and work. Additionally, staff
are trained to recognize symptoms and provide treatment for heat
related illnesses. According to review of DOC medical records over
the past 10+ years, there have been no deaths among the incarcerated
population due to heat related illnesses. Note that this information
does not include data from county jails, federal prisons, or youth
detention centers.

Agricultural workers are four times more likely than workers in other
industries to experience heat-related iliness and are 35 times more
likely to die due to heat exposure. Migrant and immigrant workers in
the U.S. are particularly vulnerable to heat-related illness, injury, and
mortality as these groups are more likely to work in these roles.”®® In
2017, approximately 75% of agricultural workers in Pennsylvania were
foreign-born and approximately half of Pennsylvania agricultural
workers were undocumented.’®® Migrant workers are less likely to have
health insurance, leading to worse health outcomes.

Protecting against heat illness, injury, and mortality can take a variety
of forms, including policy, infrastructure, and social interventions.
Notably, social cohesion (the connectedness among members of a
community) may have a protective effect against heat-related
mortality as it encourages support, organizing, and sharing of
resources.?’® While it has not been studied, strong social ties may
benefit vulnerable outdoor workers by encouraging conversation
around heat-related symptoms and protective resources, such as
water and shade. Supporting community building and access to
cooling centers may also improve health outcomes.?®' Climate
planners, employers, and local governments can better support
outdoor workers by fostering social cohesion and providing
precautionary guidance for working in high heat.

4.2.5 Labor Policies and Guidelines

Expanded health and safety protections will improve conditions for
at-risk workers and communities in EJ areas.

In 2022, the Occupational Safety and Health Administration (OSHA)
launched the National Emphasis Program (NEP) for Outdoor and Indoor
Heat-Related Hazards, initiating inspections and outreach to reduce
heat hazards in high-risk work environments.2°2 Engineering controls
include air conditioning, ventilation, insulation of hot surfaces, and the
use of mechanical equipment to reduce manual labor. Administrative
controls are recommended when engineering controls are not
sufficient. These include mandatory rest breaks in cooler areas, shorter
shifts for unacclimatized workers, scheduling work at cooler times of
the day, and monitoring employees for heat stress. Cooling personal
protective equipment (PPE) is also recommended. Some PPE, such as
respirators and hard hats, can increase the risk of heat-related illness
and employers should account for this risk.2°® As part of the NEP, the
U.S. Department of Labor strongly recommends that states adopt the
initiatives laid out in the state plans which, as of November 2023,
Pennsylvania has yet to do.204

Pennsylvania requires employers to provide drinking water to employees
and requires non-residential facilities to use mechanical ventilation such
as fans or air conditioning when indoor temperatures exceed 90°F.205206
However, these regulations may not provide sufficient protection from
high humidity and strenuous workload. OSHA recommends the use of
wet bulb globe temperature (WBGT) monitors to measure workplace
environmental heat for both indoor and outdoor workplaces.?®’” Heat
indexes may be used if WBGT monitors are unavailable. The National
Institute for Occupational Safety and Health (NIOSH) encourages
workplaces to create acclimation plans to reduce heat-related health
risks for workers. These plans gradually increase workers’ exposure to
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high temperatures over a multi week period to improve tolerance and
reduce risk.20®

The Pennsylvania Department of Labor and Industry offers Pennsylvania
Training for Health and Safety (PATHS), which provides no-fee health
and safety resources for Pennsylvania employers and employees. The
Department also runs the PA Workplace Safety Committee
Certification Program, which encourages workplaces to create safety
committees. Besides the General Safety Law, which applies to
Pennsylvania’s public sector employees, private sector workplace
safety measures are generally not enforced by the State, as they fall
under OSHA's jurisdiction.?°® The Pennsylvania Legislature could work
with the Department of Labor and Industry to create state-level legal
protections and requirements for workplace health and safety to
protect workers from exposure to dangerous conditions that will
increase as climate change progresses.

Protective Policies for Pregnant Workers

The Pregnant Workers Fairness Act (PWFA) requires that pregnant
workers are provided reasonable accommodations.?’® PWFA does not
explicitly refer to heat exposure, and accommodations for
heat-exposed pregnant workers should be established given that
pregnant people are particularly vulnerable to heat-related illness.?"
The updated NIOSH guidelines on occupational heat exposure
addresses pregnancy and can be used as a reference for formulating
these accommodations.??

State policy could be strengthened by requiring the use of onsite
temperature measurement, providing appropriate heat-risk controls
in alignment with the NEP, and outlining accommodations for
vulnerable employees including elderly workers, pregnant, workers,
and those with preexisting conditions. Workplace safety standards
could also be expanded to include those that are not sufficiently
protected by existing state and Federal statutes.

Protective Policies for Incarcerated Populations

Prisons and prison factories are not subject to the Fair Labor Standards
Act or most OSHA requirements, as incarcerated workers are generally
not defined as employees.?”® Thus, incarcerated workers are denied
workplace protections, the right to refuse to work, and the right to
unionize.? The Pennsylvania legislature and DOC can strengthen health
and safety requirements in state facilities.?’>?® The Pennsylvania DOC
requires that temperatures in DOC-owned facilities should be
maintained at 67°F in the winter and 75°F in the summer, but this does
not extend to “areas that are not heated or cooled and areas with
unique environmental needs.”?” While this policy does state that
hazards, including extreme temperatures, should be limited or
controlled, it could be expanded to include the OSHA guidance for
monitoring and reducing exposure to hazardous heat conditions.

Protective Policies for Migrant and Immigrant Workers

If provided at all, training and safety materials may not be accessible
due to language barriers.?® While undocumented workers are granted
protections under OSHA, they are less likely to report their employers
for noncompliance for fear of deportation and other retaliatory
actions. In 2023, the U.S. Department of Labor signed a memorandum
allowing OSHA to provide visas to non-U.S. citizens during workplace
safety investigations, which will make it less risky for workers to report
unsafe conditions.?® Pennsylvania can support this effort by
expanding resources for immigrants, whistleblower protection laws,
and requiring workplaces to provide training in languages spoken by
workers.
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4.3 Climate Change Impacts to Energy
Resilience

Weather events are one of the leading causes of electrical outages
across the United States. As climate change drives increasingly
extreme weather, outages are likely to become more frequent,
widespread, and disruptive. Understanding the electrical grid's
sensitivity to climate hazards as well as the sensitivity of Pennsylvania
communities to associated outages, is critical for building resilience
across the Commonwealth.

Between 2000 and 2021, about 83% of reported major outages in the
U.S. were attributed to weather-related events.??° These events can
leave thousands without electricity for days to weeks at a time. Elderly
populations and those who rely on refrigerated medicines are
particularly vulnerable during power outages. In many large-scale
outages, outdated equipment and a lack of climate resilient design left
the power grid vulnerable to failure. For example, in August 2003,
55 million people throughout southern and central Ontario and
eight U.S. states were left without power for up to four days. This was
due to an alarm system software bug that left operators unaware of the
need to redistribute load after extreme heat conditions caused
overloaded transmission lines to droop into foliage. The event was the
largest of its kind in the northeastern US. and caused nearly
100 fatalities.??' In 2021, heavy rainfall and strong winds from Hurricane
Ida caused damage to power lines from fallen trees. This event left
about 46,000 Pennsylvania Power and Light (PPL) Electric Utilities
customers without power across the Commonwealth.?2? Throughout
2021, over 177,000 Pennsylvanian utilities customers were impacted by
major outage events.??? These blackouts disrupt essential daily
operations for households, businesses, and communities, incurring
significant economic and public health consequences.

Pennsylvania Energy Landscape

Most of Pennsylvania’s electricity is provided by private companies
that are publicly regulated. The Pennsylvania Public Utility
Commission (PAPUC) regulates the 11Investor-Owned Utility (IOU)
companies that provide energy transmission and distribution to the
state (Figure 37).22* Power generation in Pennsylvania comes from a
variety of sources and companies, including but not limited to the
1110Us. The majority of the state’s energy comes from natural gas
generation (62.3%), with other generation from nuclear (33.2%),
renewables (2.4%), and coal (1.9%), as of 2023.25

While PAPUC-directed grid resilience measures are currently limited,
some utilities have received federal funding for resilience measures.
Through the Bipartisan Infrastructure Law, PECO won $100 million to
relocate flood-prone substation assets and create a microgrid with
battery storage to support its storm response center; PPL Electric won
$50 million for grid automation to predict failure and reduce outages;
and Duquesne Light won $20 million to increase its transmission
capacity.??® Figure 38 summarizes the interactions between climate
change and the energy system.

Spotlight Issues 66



Figure 37. A map showing the operating territory of Pennsylvania’s
11 Investor-Owned Utilities companies
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I:l West Penn Power
I:l Citizens’ Electric Company
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I:l Pennsylvania Electric Company

- Metropolitan Edison Company

. Pennsylvania Power Company

:jl PPL Electric Utilities Corporation
I:l Pike County Light & Power Company
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|:| Wellsboro Electric Company

I:l PECO Energy Company

Source: Pennsylvania Public Utility Commission, 2021.
https://www.puc.pa.gov/media/1604/epo-report2021.pdf
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Figure 38. Summary of how climate change impacts energy systems

Energy Demand

» Higher summer temperatures drive
increasing demand for cooling energy
(primarily electricity)

* Higher winter temperatures drive reduced
demand for heating energy (including
natural gas, oil, and electricity)

Oil/Gas/Coal

+ Exireme weather, sea level rise, and
flooding disrupt/damage offshore and
onshgre energy operations and facilities

+ Reduced water availability constrains
drilling, fracking, and mining operations

+ Thawing permafrost and subsidence
reduce access and impact production

Electric Grid

+ Winds, ice storms, and wildfires damage
transmission and distribution towers/lines
« Extreme heat reduces power line/trans-

former capacity

+ Flooding can damage substations/trans-

formers/underground lines

Pipelines

+ Flooding damages pumping stations,
undermine/scour river crossings

+ Loss of electricity impacts pumping
operations

Source: Fourth National Climate Assessment, 2018.

Wind, Solar, and Biofuels

+ Changes in wind patterns and solar
resources impact generation

+ Extreme winds damage wind and solar
infrastructure

+ Increasing temperatures reduce generat-
ing capacity

+ Extreme heat/drought reduces biofuels
production

Refineries

+ Extreme weather/flooding damage
refineries

+ Reduced water availability can constrain
fuel refining and processing

+ Loss of electricity impacts refining
operations

Hydro Power

* Drought and reduced runoff reduce
power production

« Earlier snowmelt shifts peak production
earlier in the year

* Flooding increases risk of damage
and disruption

Thermoelectric Power

+ Higher air and water temperatures
can reduce power plant efficiency
and capacity

+ Reduced water availability can reduce
capacity and lead to shutdowns

* Inland and coastal flooding can disrupt
operation and damages equipment

+ Increasing scarcity of freshwater can
limit siting of new generation

Fuel Transport

+ Inland and coastal flooding inundate low-lying
roads and rails, and can damage bridges,
river and coastal ports, and storage facilities

« Reduced river runoff can impede barge fraffic

+ Extreme weather, flooding, and blackouts can
disrupt distribution outlets and gas stations
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Hazard Analysis

Different climate hazards affect electrical infrastructure in different
ways. Sensitivity of individual assets and sub-assets can vary widely
depending on their design specifications, presence or absence of
existing resilience measures, age and condition, and the nature and
function of the asset. The following presents a high-level summary of
the potential impact of climate hazards on utility infrastructure for
each of the hazards included in the Climate Impacts Assessment.

Increasing Average Temperatures & Heatwaves

Overall, if temperatures exceed the safe operating ratings of assets,
assets can become more prone to failure, experience damage that
shortens their lifespan, or create hazardous conditions (such as line
sag) that can increase the chances of outages. Periods of high heat
can raise the temperature of water bodies used for cooling of thermal
generation powerplants. If water temperatures become too high, plant
operations may need to cease or be reduced for regulatory
compliance. Nuclear generation plants operate at much higher power
generation capacity than other types of powerplants; a loss in
operations of a single nuclear plant has the potential to impact the
grid than other types of generation.

Flooding, Extreme Precipitation, and Sea Level Rise

While some assets can withstand the effects of water exposure,
many electrical assets, such as transformers, can be highly sensitive
to water and experience severe damage or failure if inundated.
Flooding can also cause corrosion and structural damage through
direct contact with water, scouring, or damage from vegetation or
debris contact. Nuclear generation plants have a particularly
high-level of consequence of failure; flooding and sea level rise, if
severe enough, can damage a plant causing a reduction in capacity

and impacts to the grid, or in worst case scenarios, potential
radiation contamination.

Severe Tropical and Extra-Tropical Cyclones

The high winds associated with tropical and extra-tropical cyclones
have the potential to impact sensitive electrical assets if their wind
ratings are exceeded or if blown debris or vegetation (such as fallen
trees) collide with and damage equipment, which has historically been
a significant challenge for Pennsylvania.??’” Nuclear generation plants
have a particularly high-level of consequence of failure; severe
tropical and extra-tropical cyclones, if severe enough, can damage a
plant causing a reduction in capacity and impacts to the grid, or in
worst case scenarios, potential radiation contamination. The
precipitation associated with these storms can also carry the same
risks associated with flooding if the precipitation is severe enough to
cause pooling of water or raise the levels of lakes, rivers, and streams.

Landslides and Sinkholes

Landslides and sinkholes pose a high potential impact to most
electrical assets (except overhead conductors). If impacted, all
electrical assets face a high risk of extreme damage, leading to
outages. Landslides and sinkholes can compromise the structural
integrity of assets and also cause debris or other structures to collide
with and damage electrical equipment.

Potential Impacts to the Energy System

Potential impact is the potential for negative outcomes in the event of
climate hazard exposure and is a result of the combination of sensitivity
(the degree to which assets could be negatively affected by climate
hazard exposures) and consequence (the potential for impacts to
sensitive assets to result in negative outcomes for the utility’s system,
customers, or staff). Table 9 through Table 12 present potential impact
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scores for different types of grid assets and are built on general Table 8. Potential impact rubric

assumptions about electrical infrastructure in Pennsylvania. These

scores are informed by the rubric presented in Table 8. Further analysis Potential Impact Score Description

on the sensitivities and consequences of each utility’s unique assets,

as well as an examination of individual asset exposure, is needed to LOW SENSITIVITY & LOW CONSEQUENCE
provide a more detailed analysis of vulnerability. Low The asset faces low to minimal potential

adverse impacts when exposed to a hazard
and if adverse impacts were to occur, the
resulting consequences are minimal.

LOW-MEDIUM SENSITIVITY & LOW-MEDIUM
CONSEQUENCE

MEDIUM The asset may experience potential adverse
impacts when exposed to a hazard and if
adverse impacts were to occur, the resulting
consequences are minimal to moderate.

MEDIUM-HIGH SENSITIVITY & MEDIUM-HIGH

The asset moderate may be subject to
increased risk of major and/or sudden failure
in the event of hazard exposure, the resulting

consequences are severe.

HIGH
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Table 9. Transmission asset potential impact

Table 11. Substation asset potential impact

Increasing Flooding, Severe
Average Heavy Tropical and Landslides
Temperatures | Precipitation, | Extra-Tropical and
Asset & Heatwaves | Sea Level Rise Cyclones Sinkholes
Line
Structures LOW HIGH HIGH HIGH
(Poles/Towers)
Overhead HIGH MEDIUM MEDIUM LOW
Conductors
Underground | e b1um MEDIUM LOW HIGH
Conductors
Table 10. Distribution asset potential impact
Increasing Flooding, Severe
Average Heavy Tropical and
Temperatures | Precipitation, | Extra-Tropical Landslides
Asset & Heatwaves | Sea Level Rise Cyclones and Sinkholes
Line
t t
Structures LOW MEDIUM HIGH HIGH
(Poles/
Towers)
Overhead MEDIUM MEDIUM MEDIUM LOW
Conductors
Und d
ndergroun LOW MEDIUM LOW HIGH
Conductors
Pad Mount HIGH HIGH MEDIUM HIGH
Transformers
Pole T
e fop HIGH Low LOW HIGH
Transformers

Increasing Flooding, Severe Tropical
Average Heavy and Landslides
Temperatures Precipitation, Extra-Tropical and
Asset & Heatwaves | Sea Level Rise Cyclones Sinkholes
Substation HIGH HIGH MEDIUM HIGH
Transformers
Circuit MEDIUM HIGH LOW HIGH
Breakers
Protection &
Control MEDIUM HIGH MEDIUM HIGH
Systems
Inst t
nstrumen MEDIUM HIGH LOW HIGH
Transformers
Control Room MEDIUM HIGH HIGH HIGH
Table 12. Generation potential impact
Increasing Flooding, Severe Tropical
Average Heavy and Landslides
Generation Temperatures | Precipitation, Extra-Tropical and
Type & Heatwaves | Sea Level Rise Cyclones Sinkholes
Hydro MEDIUM?228 MEDIUM LOW HIGH
Gas MEDIUM MEDIUM LOW HIGH
Coal MEDIUM MEDIUM LOW HIGH
Nuclear HIGH HIGH MEDIUM HIGH
Solar LOW LOW LOW HIGH

Spotlight Issues 71




4.3.1 Health and Equity: The Importance of Safe,
Reliable Energy

Reliable energy utilities are a crucial component of public health and
safety, and disrupted service broadly threatens the safety and
well-being of impacted groups. Low-wealth communities are
disproportionately impacted and experience more frequent
blackouts than non-low-wealth groups, despite paying proportionally
three times more of their income for energy services.??® This
vulnerability persists as these communities have a lower ability to pay
for infrastructural improvements through rate increases.?*° Other
at-risk groups include the following:*'

m Children are at increased risk of exposure to carbon monoxide
poisoning due to improper generator use.

m Non-English literate populations may not understand emergency
response messaging in English and thus may not be sufficiently
prepared for inclement weather or know how to access resources.

m Racial and ethnic minorities are disproportionately at risk of
experiencing increased crime rates and heightened mental health
effects.

m Older adults are more likely to depend upon medical equipment
and are prone to heightened mental health impacts.

m Rural populations are at higher risk of prolonged outages.

m Healthcare Workers are impacted by stressed health care
systems and experience extreme burnout and fatigue in
power crises.

Direct Health & Safety Impacts

Power outages can leave households without heating or cooling
capacity during periods of extreme temperatures. Prolonged
exposure to extreme heat drives heat-related illness, including heat
stroke, and may exacerbate cardiovascular and respiratory
conditions.?®? Rising temperatures further increase the risk of power
outages. Power losses may negatively impact those that rely on
refrigerated medications. This vulnerability is exacerbated by
infrastructural features of at-risk neighborhoods (e.g. minimal tree
cover, fewer green spaces, more exposed asphalt, history of redlining
and neighborhood disinvestment resulting in an aging housing stock)
that trap heat and raise temperatures.??® Furthermore, while many
households still utilize gas or oil furnaces, many of these systems
require electricity to operate. Outages pose a risk to those who wholly
or partially dependent upon electricity for heat in the winter months.
Without heating, these groups can be exposed to extremely cold
temperatures and related illness, including hypothermia and
exacerbated cardiovascular conditions.z3*

EJ areas have reduced access to energy distribution technology, and
this contributes to their disproportionate vulnerability during power
outages. For example, solar panels can help support a microgrid or
may provide emergency power when connected to battery storage.
But solar panels are not equitably accessible, and they are primarily
installed in majority Non-Hispanic White households with nearly
double the national average household income.?3%

Power outages increase incidence of carbon monoxide poisoning,
particularly among children and elderly populations, and lead to a
spike in emergency department visits.2®¢ This is primarily due to the
necessitated use of indoor charcoal and gasoline-powered
generators.2®” Racial and ethnic minority groups are also at heightened
risk as these groups are significantly less likely to have heard relevant
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public health warnings about CO poisoning and reportedly choose to
place generators indoors for fear of theft.238

Outages can also have adverse impacts on mental health. The stress
of food perishing and diminished access to basic utilities,
appliances, and social connection can lead to anxiety, depression,
social isolation, and other exacerbated mood disorders.?® Power
outages may also pose safety hazards to impacted communities. For
example, downed wires or poles may cause infrastructural damage
and may directly injure or pose electrical hazards to passersby.
There is some research suggesting that extended power outages are
also associated with inequitable upticks in crime.?*© Outages also
may force schools and other institutions to temporarily close. This
disproportionately affects families that depend on school as a form
of childcare and low-wealth communities are thus inequitably
impacted.?#

Health Systems & Care Delivery

Outages broadly burden health systems and impact healthcare
delivery.?4? Hospitals are only required to maintain backup generators
that allow highly critical units to run uninterrupted through
emergencies. Hospitals are not required to have sufficient standby
power resources to preserve comprehensive operations.?*® Thus,
when energy utilities fail, it temporarily reduces available hospital
services and impacts quality of care. Affected services may include
blood banks, transfusion services, human tissue storage,
pharmaceutical storage and dispensary, morgue and lab functioning,
diagnostic tools (e.g., radiological equipment), and more.?** Power
outages also may result in sweeping appointment cancellations.?4%
Any procedures that are not imminently life-threatening may be
impacted. Outages thus delay routine screenings and lead to
reproductive care clinic closures, obstacles that may incur

life-altering detriment to patients.?*¢ These effects disproportionately
burden those with hourly-wage jobs, as these groups may be less able
to attend a rescheduled appointment.

Power interruptions also dangerously impact healthcare delivery
beyond the clinical setting. As private citizens often lack backup
generators, outages may imminently endanger the life of individuals
who depend upon power-dependent medical equipment, including
dialysis or sleep apnea machines, ventilators, or electric
wheelchairs.?*” Prolonged power outages also may render refrigerated
medications unusable, posing a risk to those who rely on these
treatments.

Economic Effects & Incurred Costs

Power outages, especially during extreme weather events, amplify
existing inequities within low-wealth populations. When faced with a
major outage event, low-wealth households struggle to keep up with
the initial costs associated with outages and the long-term impacts
of disrupted businesses, transportation, and damaged property.
Costs associated with power outages can vary depending on the
duration and severity of the event. These costs can include
replenishing a refrigerator of spoiled food and buying flashlights,
batteries, portable chargers, nonperishables, bottled water, and other
emergency supplies. In some cases, people may need to temporarily
relocate to a hotel outside of the impacted area. Costs associated
with outages and related extreme weather events can be an immense
burden on households, ranging from hundreds to thousands of dollars,
depending on the severity of the damage.

National assessments suggest that the annual, cumulative cost of
power interruptions ranges from $22 billion to $135 billion dollars
annually, with an estimated average of approximately $79 billion.?4®
Commercial utilities customers bear the brunt of this financial burden
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and represent 72% ($57 billion) of national, annual outage-associated
costs. Industrial customers are also significantly impacted, with an
estimated 26% ($20 billion) share of this cost. Residential customers
are estimated to account for 2% ($2 billion) of this burden.24?

Transportation systems rely on electricity for safety. For airports,
subways, or train systems, outages can cause failure of signals and
control systems or cease the ability to operate electric-powered
vehicles (i.e, trains, electric cars, people-movers, electric buses)
leading to delays, cancellations, or complete system disruptions for
communities. These disruptions can compound the challenge of
economic recovery in the hours, days, and months following a major
outage. For example, the collapse of a major transportation corridor
due to a power failure can impede traffic flow and stall freight
movement over a broader region. Pennsylvania is a major conduit for
freight and goods transportation, and outages in the Commonwealth
can have ripple effects across the region. Similarly, outages in
neighboring states may have an impact on the economy in
Pennsylvania. These impacts can have more intense effects on areas
where public transportation access is already limited.?>® Lack of
suitable transportation also drives reluctance to evacuate before
hurricanes or forecasted flooding and may present a barrier to
post-disaster recovery, potentially compounding the impacts of a
hazard event?® This disproportionately impacts low-income
populations who may be more dependent upon public transit options.

Specific recommendations on how Pennsylvania can support energy
resilience can be found in the adaptation strategies section of the
CAP. To ensure that these recommendations prioritize health and
equity in building resilience, close considerations should be paid to
prioritize the historically vulnerable populations that are discussed in
this section.
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Economic Opportunities
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Some of Pennsylvania’'s top economic sectors face significant
impacts from climate change. The need to accelerate climate
adaptation and mitigation investments comes with the opportunity to
drive economic growth in Pennsylvania and improve economic
opportunities for communities in EJ areas. This section looks at some
of Pennsylvania’s top industries, the new opportunities being brought
to these sectors by climate adaptation, and the EJ issues that make
focusing these opportunities in  vulnerable communities
indispensable.

The 2024 Pennsylvania CAP provides additional information on costs
and benefits of specific prioritized climate change mitigation and
adaptation strategies.

5.1 Climate Adaptation and Economic
Opportunities

Climate change will continue to put more people and greater value,
in the form of infrastructure and housing, in the path of weather
disasters such as floods, hurricanes and heat waves. The potential
economic impacts of climate change in Pennsylvania are described
in Chapter 3 and detailed even further in APPENDIX B.

The worsening impacts of climate change increase the need for
industries, agencies, and communities to harden or otherwise
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protect infrastructure from these events, turn to alternative sources
of energy, implement carbon sequestration technologies, and adopt
other climate change adaptation and mitigation strategies. A
2023 study by the Center for Climate Integrity estimates that
Pennsylvania’s municipal governments would need to spend
$15.47 billion by 2040, or nearly $1 billion a year, to protect residents
from extreme heat, heavy precipitation events, and rising sea levels
under a moderate climate change scenario.?52 Adaptation measures
are crucial to increasing the resilience of communities and
economies to damaging events.

While adaptation measures require up-front spending, they also
present an opportunity to make smart investments and introduce
climate-forward policy to support the Commonwealth’s economy
and increase equity in EJ communities. Adaptation projects provide
long-term investments and economic opportunities for
communities. These projects will also create various new jobs for the
construction, operation, and maintenance of climate-resilient
infrastructure, presenting a potential opportunity to expand job
training programs across the state. The need for these opportunities
is already much higher in EJ areas, where communities are already
more vulnerable to climate change impacts. In many cases, these
communities have faced historical disinvestment and prolonged
inaction, making the transition to a more resilient future even more
difficult. The following sections provide additional information on
economic opportunities within each sector associated with the
need for climate change mitigation and adaptation solutions.

5.2 Agriculture

The agricultural sector is an integral part of the Commonwealth’s
economy. The direct economic output of the sector totals
$81.5 billion, including industries involved in the production and
processing of crops, animals, forestry products, landscaping, and
horticultural services, agriculture-related support services, and food
manufacturing.2®® Increasing average temperatures are expected to
have varying impacts on agricultural operations. While some fruits
and vegetables may experience an extended growing season,
potentially providing higher yield for those crops, climate change
impacts can threaten the stability of other crops. Some common
agricultural climate impacts can be mitigated to provide more
environmental benefit as well as contribute economic benefits. For
example, increased flow and runoff concentration from precipitation
events can create greater challenges for nutrient management
methods. Techniques used to mitigate stormwater runoff, such as
riparian buffer zones and retention ponds, can create co-benefits by
increasing the population and biodiversity of local pollinators, and
providing wildlife habitat, water accessibility, erosion control, and
other ecosystem services. These ecosystem services can improve
crop vyield and quality, enhancing output and generating related
economic benefits.

Greenhouse gas mitigation techniques also provide opportunities for
farmers to set up additional streams of income. Renewable energy
installations, such as solar arrays, can be sited on less productive farm
property through land leases. Solar developers can set up lease
agreements with landowners allowing the company to install raised
panels on the selected portion of land. These agreements contribute
to the Commonwealth’s renewable energy goals while providing new
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income opportunities for farmers. For example, one Pennsylvania solar
developer provides land leases ranging between $1,500 and
$2,500 per acre per year.?%®

Climate change increases the frequency of extreme weather events,
greatly impacting the operations of farm workers. Farm workers face
substantial risk in the form of income losses incurred from missed
days of work due to extreme weather, and unsafe working conditions
due to extreme heat. Higher temperatures can also cause greater
dermal absorption of pesticides and can facilitate the transformation
of pesticides into more toxic and degrading compounds. Climate
change also enables agricultural pests to expand their range, which
may lead agricultural employers to apply increasing amounts of
pesticides. Many hired crop workers are foreign-born people from
Mexico and Central America that face linguistic isolation, poverty, and
poor healthcare access, leaving them more vulnerable to climate
impacts and impeding their ability to transition to different work.
Adaptive farming practices are crucial to ensuring resilience and
increasing worker safety in the wake of these changes. These
practices include crop rotation, nutrient management, and integrated
pest management. Practices like nutrient management maximize
crop-nitrogen uptake and help mitigate greenhouse gas emissions
from agriculture. Transitioning to regenerative farming systems, which
increase plant and soil health, can decrease pest damage, and
improve the soil’s ability to store carbon, thus reducing the need for
pesticide use as well as the associated costs and health impacts to
farm workers. Currently, the growth of climate resilient practices is
being supported by the US. Department of Agriculture’'s (USDA)
investments into climate-smart commodities. Climate-smart
commodities are any agricultural commodity that is produced using
agricultural (farming, ranching or forestry) practices that reduce

Managing Risk

Some farmers have already identified opportunities to maintain their
sales in the wake of changing growing conditions. For example, a farm in
New Park faces significant losses due to frequent, heavy rain during the
fall season, compromising sales from common weekend attractions such
as corn mazes and apple picking.2%* To manage this risk, the owner of the
farm has chosen other crops to incorporate into the growing season. The
latest crop, lavender, is drought resistant and was planted on a field with
particularly thin and dry soil. The lavender starts to bloom in June,
attracting pollinators to the farm and extending the agritourism season.
These activities also require additional labor to implement, potentially
creating new employment opportunities.

greenhouse gas emissions or sequester carbon.?*® In 2022, USDA
began investing a pledged $1 billion into selected pilot projects that
create market opportunities for U.S. agricultural and forestry products
that use climate-smart practices and include innovative,
cost-effective ways to measure and verify greenhouse gas benefits.2%’
Many of these pilot projects also promote equitable partnerships by
collaborating with smaller underserved farmers and indigenous
communities.?®®
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Alternative farming practices, such as Controlled Environment
Agriculture, can also potentially provide solutions to climate
change driven impacts to farm worker health and safety. Controlled
Environment Agriculture (CEA) is a sustainable approach to farming
that involves producing crops withing a climate-controlled
structure, offering increased biosecurity and year-round
production without pesticides or herbicides.?° CEA has a growing
industry in Pennsylvania, that is focused on improving the
Commonwealth's food system resilience by producing crops
typically supplemented by out-of-state agriculture. CEA requires
additional energy and management to operate, bringing new,
indoor agriculture job opportunities. While Pennsylvania is gaining
traction as an advantageous geography for CEA operators, utilities
access and zoning challenges must be improved to ensure
agricultural workers can access emerging indoor job opportunities
in the wake of extreme heat.?*'

5.3 Outdoor Recreation

Outdoor recreation added $17 billion to Pennsylvania’s gross
domestic product in 2022, producing more than 164,000 jobs, more
than a 7% increase from 2021262 Climate impacts to outdoor
recreation can vary. Rising temperatures can extend the
warm-weather season (air quality permitting), while the opportunity
for winter outdoor recreation can also be negatively impacted by
rising temperatures. How these impacts affect communities across
the Commonwealth can vary. As outdoor recreation that relies on
snow and ice declines, some communities and regions will need to
adjust to support alternatives.

Regardless, the demand for outdoor recreation is expected to
increase as the warm-weather season becomes longer. Climate
resilient improvements to infrastructure can be multifunctional,
producing improved outcomes for Pennsylvania's recreational
sector. For example, traditional (“gray”) stormwater infrastructure
can be replaced or supplemented with “green” stormwater
infrastructure in the form of stormwater parks and rain gardens. This
can greatly increase valuable recreation space and have other
economic benefits for the surrounding area. Transportation
infrastructure can also incorporate green stormwater aspects or
additional connections such as pedestrian or bicycle routes.
Focusing on alternative transportation improvements in urban
communities can provide more connectivity and potentially give
pedestrians access to stores and other commercial areas now
available through the pathways provided by green infrastructure. The
creation of these spaces requires workers that can build, perform
maintenance on, and monitor the living stormwater systems once
the area is in use. These projects can bring many new jobs to the

Maximizing Benefits and Revitalizing Public Space

In Lancaster, the City redeveloped Brandon Park with a host of green
infrastructure features, including over 23,000 square feet of
bioretention and infiltration practices (with a drainage area of
132,400 square feet) and over 30,000 square feet of permeable
pavement (with a drainage area of 48,300 square feet).?*® The park
includes basketball courts, playgrounds and new public art
sculptures. The integrated stormwater infrastructure across parks in
Lancaster provides an estimated $661,000 in reduced pumping and
treatment costs per year, not to mention additional amenity benefits
provided to the community.
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areas they are sited in, while also providing long-term benefits for
locals.

One example of green investment is DCNR's Conservation
Landscapes program. In this program, eight large regions throughout
Pennsylvania are working together to drive strategic investment and
actions around sustainability, conservation, community revitalization,
and recreational projects. These collaborations are found in regions
where there are strong natural assets, local readiness and buy-in, and
state-level investment and support.?®® In addition, small parcels of
land in densely populated developed areas can build climate change
resilience. The landscape conservation approach extends beyond
political boundaries and supports broader climate goals.

Natural areas, parks, and trails provide opportunities for locals to stay
active and healthy, potentially avoiding health care costs. One study
found that there is a much higher return on money spent maintaining
park trails through avoided health care costs, estimating $3 in avoided
healthcare costs for every $1 spent.?®* These benefits are often scarce
for communities in EJ areas as many urban communities lack access
to green space and healthy waterways that can also provide resilience
to climate hazards such as flooding. Green spaces may also reduce
the impact of the heat island effect. In particular, BIPOC and
low-wealth communities are more likely to live in nature deprived
areas.?®> There is an opportunity to maximize benefits in EJ
communities by considering the comprehensive needs of green
infrastructure projects. This can include job training for locals to gain
additional skills for green projects in their area and low-wealth
communities considering where projects may be needed the most to
enhance stormwater management, connectivity, and access to
outdoor recreation space.

Enhanced green space can also boost property values, benefiting
homeowners. However, care must be taken to make enhancements in
a way that avoids displacing low-wealth residents, such as by pairing
enhancements to natural areas with affordable housing and equity

programs.

5.4 Energy Production & Transition

Pennsylvania is the second largest net supplier of total energy to
other states.?%®¢ With the Commonwealth’s expansive impact in the
energy sector, there is an opportunity for the state to become a
regional clean energy provider and clean energy sources will be
crucial for mitigating climate impacts. Investment and growth in
Pennsylvania’s clean energy production and energy adaptation are
necessary for greenhouse gas mitigation pathways. Clean energy
projects can provide more research and development
opportunities and jobs while reducing greenhouse gas emissions
and lowering energy costs to residents and businesses. These
projects can also provide new streams of income for property
owners hosting clean energy projects. For example, Pennsylvanian
solar projects also provide significant impacts and benefits to the
populations and communities surrounding them. A study
from 2020 found the 235 planned solar projects in Pennsylvania
could create 5,991 direct jobs in construction, interconnection, and
advertising work.?%” Once in operation, the projects could generate
a one-time, temporary economic output of $1.8 billion and around
$83.3 million in economic output annually once the facilities are
operating.
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Expanding Resilience in Underserved Communities

Across 40 different New York City Housing Authority buildings,
Community Power delivers guaranteed electricity bill savings of 20% to
500 low- to moderate-income households through its 1.2 MW project.
This project leverages the power of partnerships, working across
nonprofits, community-based organizations, mission-driven financiers,
an energy cooperative, the nation’s largest public housing entity, a solar
installer, and a utility.

Preexisting programs in the Commonwealth help to boost incentives
for residents and community partners to transition to clean energy
and from new energy projects. This includes funding alternative
energy generation projects on top of available federal credits.?6®
These investments help to drive future energy transition, as fossil
fuels become less efficient in comparison. Renewable energy and
storage are becoming cost-competitive with fossil fuel generation,
even without subsidies. For example, one study found that about %
of the U.S. coal fleet is now more expensive to operate than it would
be to build and operate new solar and wind energy farms.?®® Recent
research also suggests that new natural gas plants could be a risky
investment, given continuing improvements in the cost and
performance of clean energy technologies.?’° The opportunities for
the Pennsylvania economy can also be seen in workforce shifts. The
low-carbon economy is emerging as a major U.S. employer, though
disruptions in the sustainable energy supply chain during the
COVID-19 lockdown threatened that progress.?” In 2019,
zero-emissions generation, like solar and wind, was responsible for
about 544,000 jobs in the U.S., more than twice as many as the
214,000 jobs in fossil fuel generation.?’?

Equitable transition is key to ensuring that these benefits reach the
most vulnerable populations. Without the proper job training,
historically marginalized communities and linguistically isolated
citizens with limited educational attainment will struggle to
transition to jobs in the emerging low-carbon sector. Workers in the
fossil fuel industry also face preexisting inequities that are necessary
to address simultaneously to clean energy transition.?”® Alongside
access barriers in jobs, clean energy projects and infrastructure are
not equitably distributed throughout the population due to other
social and economic barriers such as income and location.
One study found that majority-Black communities install 69% less
rooftop solar than other neighborhoods that have the same level of
income; less than half of US. community solar projects include
low-income households.?’* Low-income, rural households face the
highest energy burden in the country, spending 9% of household
income on energy bills compared to the national average of 3.3%.
Energy efficiency upgrades such as adding insulation and sealing air
leaks can reduce rural energy burdens by as much as 25%,
translating into more than $475 in annual savings for rural
households. Addressing the needs of isolated and financially
distressed communities to make clean energy improvements
requires targeted programming and funding. With this comes the
opportunity to improve the economic mobility and living conditions
of many in EJ areas while supporting equitable climate adaptation
strategies.
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5.5 Potential Housing Pricing Impacts

Housing prices may experience shifts and changes due to climate
change; for example, areas with an increased rate of damaging events
are becoming less attractive. Extreme weather or climate events also
damage infrastructure and parks, limiting the amenities in the area
creating additional economic and social losses. Climate change is also
increasing the cost of maintaining homes, both in the case of
responding to a damaging event and making climate adaptation or
mitigation improvements to the home. Climate-resilient home
improvements and neighborhood improvements can not only avoid
substantial costs but can potentially appreciate the value of homes.
For example, one study looking at the impact of adaptation projects
on housing prices in New York City and Miami-Dade County (FL)
found that having natural green infrastructural adaptation projects
within a 400-meter proximity is associated with a housing price
appreciation by 27% in New York City and 9.7% in Miami-Dade
County.?’®

Damaging events are expected to increase insurance rates and even
potentially cause policy non-renewals as insurers change how climate
change is factored into premiums.?’¢ To combat rising flood insurance,
communities can participate in Community Rating System (CRS) and
earn National Flood Insurance Program rate discounts of 5%-45%. For
CRS communities, flood insurance premium rates are discounted to
reflect the reduced flood risk resulting from the community’s efforts
to advance several flood damage reduction and preparedness goals
including stormwater management and the advancement of public
information.?”’

Sustainable Infrastructure and Affordable Housing

The Silver Gardens Apartments in Albuquerque, New Mexico is a
Smart Growth project that combined revitalization, affordable housing
solutions, and energy-efficient infrastructure. Designed with
community input, it includes a rooftop solar installation and
fuel-efficient transportation options. Construction also strategically
and safely placed unsuitable soils from the former brownfield
underneath clean soil on the site avoiding fuel costs for moving the

soils off-site.?’8

Many communities within EJ areas face the highest burden as they
are more likely to live in these impacted areas, have aged housing in
need of repairs, cannot move out of the area as easily and
sometimes must move even further into affected areas.?’®
Low-wealth and low-income households particularly struggle to
make the home improvements necessary for climate adaptation. In
many cases, historical disinvestment and redlining discouraged
lenders from providing home loans and other investments in urban
neighborhoods where there were a high presence of recent
immigrants and BIPOC. Redlining was a discriminatory practice of
denying people access to credit and other financial services by
labeling the area they live in as high-risk.?° Many urban
neighborhoods and areas with larger populations of Black people
were redlined by mortgage lenders. Although the 1969 Fair Housing
Act outlawed racially motived redlining, the long-term impacts of
these practices still affect these communities today. Overcoming
these historical impacts is important to ensuring that communities
in EJ areas can make necessary adaptation moves and experience
the associated economic benefits. Programming, resources, and
financial support will be necessary to empower citizens to make
changes and avoid a displacement of low-wealth populations
through gentrification.
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6.1 Adaptation Priorities

Climate changes will be severe in Pennsylvania, but the
Commonwealth can take actions to avoid and reduce the impacts of
climate change. Based on the risk assessment, the following represent
priority considerations for climate adaptation, including consideration
of programs, policies, infrastructure, or other changes that may be
necessary to reduce risks:

Reduce extreme heat risks to human health, particularly for
vulnerable populations

Support key sectors in the transition to a warmer climate,
including agriculture, recreation and tourism, and forests,
ecosystems, and wildlife

Reduce flood risks to infrastructure and communities and
increase their ability to cope and recover from the impacts of
flood events

Increase utility resilience to climate hazards with special
consideration of outage impacts to vulnerable populations

Help low-wealth households cope with potential increased
energy burden

Enhance tropical storm and landslide risk mitigation
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Notably, implementing adaptation measures should be informed by
this list but also consider the lead time needed for effective
adaptation to these risks and those identified as lower priorities. For
example, though sea level rise impacts to infrastructure may have a
relatively lower risk rating than heat waves, they could get
significantly worse by end-of-century and beyond, and climate
change mitigation and adaptation work needs to begin soon.

6.2 Opportunities to use Mitigation and
Adaptation Strategies for Economic
Benefits

Strategies to prevent or address the impacts of climate change, such
as greenhouse gas mitigation through renewable energy installations
and riparian buffer zones and retention ponds used to mitigate
stormwater runoff, can offer economic opportunities in their
establishment and long-term operation. Projects such as the
construction of a solar array or a stormwater park require workers to
carry out the initial establishment of the project, operation and
maintenance. This can provide new job opportunities as the demand
for renewable energy and green infrastructure grows. These benefits
are most needed in communities located in EJ areas. These benefits
are most needed in communities located in EJ areas and for
communities whose economies are in transition due to changes in
the energy production landscape. In these communities, citizens are
often more vulnerable to climate change impacts and may lack the
resources to recover. Focusing programming and funding to boost
hazard mitigation projects in EJ areas can potentially boost access
to more equitable solutions. Extending employment opportunities to

these communities will ensure that the Commonwealth moves
toward sustainability and resilience together.

6.3 Equity Considerations

In addition, a key theme across this risk assessment has been that
climate change will not affect all Pennsylvanians equally. Some may
be more vulnerable to impacts due to their location, income,
housing, or other factors discussed within each hazard profile. For
example, certain populations may have greater physical exposure to
risks (e.g., construction workers may be more exposed to heat
waves), or limitations to their ability to manage consequences if they
occur (e.g, income or wealth may impact ability to pay for
air conditioning).

Disproportionate impacts are often not random. Consequences of
historical discriminatory practices in BIPOC communities (e.g.
redlining, systemic disinvestment) manifest today with BIPOC
communities disproportionately in housing that is particularly
susceptible to deterioration by heat waves.

As Pennsylvania works to reduce its climate risks, care needs to be taken
that these inequitable impacts are addressed, and that adaptation
efforts do not inadvertently exacerbate existing inequities.

6.4 Continued Research Needs

This Impacts Assessment evaluates Pennsylvania’s climate change
impacts in terms of relative risk ratings to inform adaptation
priorities. The risk assessment focused at a high level, and additional
detail and quantification of risks could be incorporated over time.
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In addition, there remain open research questions around
several important risk factors in the state, particularly related to heavy
precipitation and flood risk. Remaining open research questions
include: what is the main driver of flooding in Pennsylvania; what are
the uncertainties around precipitation projections, which are most
decision-relevant, and what changes in observations, data analysis or
modeling have the greatest potential to reduce those uncertainties?

Managing deep uncertainty in projections of precipitation
extremes in local-level adaptation decision-making is critical.
Local-level decisions about adaptation measures (e.g, sewer
capacity upgrades to manage flooding and health concerns) made
by municipalities, cities, and states can impact urban
infrastructure. Those decisions can hinge on estimates of future
precipitation extremes, and infrastructure failures are often driven
by heavy precipitation. However, there may be significant gaps
between the resolution of data (e.g., projections and models)
ideally used for stormwater infrastructure management
decision-making modeling and the resolution of data available.
Additionally, there is deep uncertainty in current flood hazard
projections. As such, decision-making must use an approach that
accounts for deep and dynamic uncertainties.

Pennsylvania faces significant climate risks in the coming century.
While uncertainties regarding climate projections and opportunities
to better understand climate trends exist, overwhelming evidence
demonstrates the imperative that Pennsylvania act to reduce the
consequences of climate change by mid-century and beyond. The
adaptation priorities described above are a starting point for
reducing priority risks.
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APPENDIX A Risk Assessment Methodology

Introduction

The risk assessment methodology is consistent with the
International Organization for Standardization (ISO) 31000 Risk
Management standard, a framework for managing a broad array of
risks including climate risks. This is a risk-based approach to
assessing and prioritizing climate impacts. The risk assessment
evaluates the likelihood that a climate hazard will occur and the
magnitude of its consequences. The risk assessment prioritizes
impacts that are reasonably likely to occur within mid-century
timeframe, likely to result in potentially major or catastrophic
consequences, and have adequate information to evaluate risk. The
four major steps included in the standard ISO risk assessment
process are included in Figure 39.

Figure 39. Risk assessment process

Set Context Identify Potential

. Analyze Risks
Hazards

Evaluate Risks

+ Evaluate

. Consequlence « Identify climate likelinood - ?e*e”.“i”e
Co-?egon.es ) hazards . Evaluate risk rating
« Climate justice Consequences
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« Critical
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Key Terms

Step 1—Set Context

Exposed areas—Geographic areas projected to be affected by

The first step of a risk assessment is to establish the critical context climate change based on climate change projections.

and focus areas for the assessment. Vulnerable populations—Populations more likely to experience
. adverse impacts from being exposed to climate hazards, such as due
Consequence Categorles to factors such as demographics (e.g. race, gender), socioeconomic
status, and life- or livelihood-sustaining needs (e.g., dependence on

The risk assessment will focus on consequences in the following electricity for critical medical care).

categories. These categories cover all sectors specified in Act 70,
with additional attention to impacts to built infrastructure and
environmental justice and equity, which are emerging as key
potential cross-cutting consequence areas related to the other
sectors:

EJ areas—Shorthand for “Environmental Justice census tracts,” which
have high environmental risk as indicated by data on over 30 different
EJ indicators such as socioeconomic status, sensitivity to
environmental hazards, and level of exposure to environmental

hazards and is defined in 230

® Human health . . : :
Overburdened populations—"“Minority, low-income, tribal, or

indigenous populations or geographic locations .. that potentially
= Economy experience disproportionate environmental harms and risks.”?%? EJ
m Agriculture areas are used in this assessment as a proxy for locations where
m Recreation and tourism populations are already overburdened by hazards and other structural
disadvantages.

m Environmental justice and equity

m  Other economic activity

m Forests, ecosystems, and wildlife

m Built infrastructure
Overburdened Populations

Approach to Climate Justice and qu'"ty The environmental justice and equity consequence ratings for each

hazard are based on the degree to which areas most exposed to
climate impacts also have a high percentage of overburdened
individuals, based on spatial analysis of overlap between exposed
areas and EJ areas at the census block group level.

The Impacts Assessment focuses on improving understanding of the
equity impacts of climate change in the Commonwealth. The
assessment seeks to answer two key questions:

m  What populations may be most vulnerable to climate hazards? . .
EJ areas are used as a proxy for locations where populations are

m To what extent are climate changes projected to affect already overburdened by hazards and other structural
communities that are already overburdened?
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disadvantages. These areas are commonly used by DEP and other
state agencies for similar purposes.

EJ areas cannot capture all characteristics of historically
marginalized, burdened, or underserved populations (e.g., the areas
draw defined lines of EJ locations, are based on percentiles, and are
based on thresholds from two indicator variables). Nonetheless, they
support an approach to identify where climate change impacts
could be falling disproportionately to EJ communities.

Vulnerable Populations

The environmental justice and equity consequence sections in this
assessment also dive deeper into the nuances of what drives risks
of each hazard, identifying specific populations that may be more
vulnerable to certain climate changes, and noting where additional
factors critical to equity analysis come into play. For example:

m In rural areas where there are several critical roads to support the
economy (e.g., for individuals to get to work, or for agricultural
centers to receive and send supplies), landslide exposure may be
particularly key as consequences of a road being damaged would
be severe.

m People who do not speak English may face barriers related to
accessing social or health services, making those groups more
at-risk to climate hazards such as increased frequency of
extreme heat conditions.

m Poverty may reduce a person’s capacity to handle significant
changes (e.g., temporary loss of work or damage to housing) that
may be associated with climate risks.

Other Critical Assumptions

Risks were assessed under the assumption that Pennsylvania’s
present-day population, demographics, and economy would
continue into 2050 and beyond. Though this assumption does not
provide a fully accurate picture of climate change's impacts to
Pennsylvania in 2050, the approach allows the assessment to isolate
climate change as the variable of interest. For example, expected
population growth in Pennsylvania’s urban areas could increase the
extent to which Pennsylvanians are exposed to the urban heat island
effect.?8% Similarly, significant population growth in the southeast
region by mid-century could also increase the sensitivity of the
region to coastal storm surges as a result of sea level rise and
increased cyclone severity.?®4 However, the extent to which
Pennsylvania’s demographic and economic makeup will change is
dynamic. Attempting to predict and control for all future shifts
unrelated to climate change is impractical, and as a result was
excluded for the risk assessment.

Step 2—Identify Potential Hazards

The second step is to identify and select potential hazards for
detailed risk evaluation. CHAPTER 3 summarizes expected impacts
of climate change by sector in Pennsylvania, as described in previous
iterations of the Impacts Assessment. The six focus hazards
identified (increasing average temperatures, heat waves, heavy
precipitation and inland flooding, landslides, sea level rise, and
severe tropical and extra-tropical cyclones) represent the
primary hazards expected to affect the Commonwealth drawn from
previous impacts assessments. The 2024 Impacts Assessment
focuses on updates to the expected impacts from the selected
hazards based on the latest science, with priority given to providing
additional information about impacts on equity and human health.
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Step 3—Analyze Risks

Risk is a function of the likelihood and consequences of a hazard. The
approach to evaluating each of these for the selected hazards is
described below.

Likelihood

To assess likelihood, the analysis draws on exposure information
available in previous Impact Assessments and the latest available
projections. Then, the annual probability, or chance of each hazard
event occurring in a given year, is evaluated using the scale to the
right. Likelihood is evaluated for a baseline and mid-century (e.g.,
2040-2059) time frame. Projected changes beyond mid-century
and beyond the end of the century are described qualitatively.

The Pennsylvania All-Hazard Mitigation Planning Standard Operating
Guide describes the likelihood of hazard events occurring in terms of
their frequency. “Probability of occurrence” estimates can then be
used by community officials to inform and assess future development
and risks. Table 13 builds on this guide and describes climate hazards'
likelihood in terms of their probability of occurring in a given year.
Discrete hazards are those related to individual extreme events (e.g.,
a heat wave) that occur over a relatively short period of time (e.g., days
or weeks). Ongoing risks are those related to gradual changes in
climate occurring over many years (e.g., higher average temperatures
or sea level rise); they may include critical thresholds which, if reached
or surpassed, engender particular risks (e.g., X feet of sea level rise).
Critical thresholds are defined tipping points at which significant
impacts occur.

Table 13. Likelihood rating scale

Criteria for Discrete

Hazards Criteria for Ongoing Hazards

Highly 4 Greater than 90% Risk is very likely (greater than
Likely annual probability 90%) to cross critical threshold by
the 2050s.

Likely 3 Between 50% and Risk is likely (greater than 66%) to
90% annual probability cross critical threshold by the
2050s. It would be surprising if this

did not happen.

Possible 2 Between 1% and Risk is just as likely as not to cross
49.9% annual critical threshold by the 2050s.
probability

The rating scale for discrete hazards (i.e., individual events like heat
waves or storms) is consistent with the Pennsylvania All-Hazard
Mitigation Planning Standard Operating Guide®% and the
Pennsylvania Emergency Management Agency (PEMA) Hazard
Mitigation Plan.?8¢ To expand the rating scale to accommodate the
more gradual or ongoing nature of some hazards (e.g., higher average
temperatures, sea level rise), DEP and ICF expanded the rating scale
as shown above in the rightmost column, consistent with how the
Fifth National Climate Assessment and Intergovernmental Panel on
Climate Change defines likelihood of climate changes.?7288 A
comparison of the different likelihood scales and terminology are
shown in Table 14. The critical thresholds for ongoing hazards (e.g.,
increasing average temperatures) are based on likely projections
for mid-century.
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Table 14. Comparison of scales of likelihood: PEMA Hazard Mitigation
Plan, NCA4, and IPCC

PEMA Hazard Mitigation

Plan NCA5 IPCC
Likelihood Term Likelihood Term Likelihood
Highly 90-100% Very 291in10 Virtually 99-100%
likely annual likely (90%) certain
probability
Very likely 90-100%
probability
Likely 50-90% Likely 22in 3 Likely 66-100%
annual (66%) probability
probability
Possible 1-49.9% As likely =1in3to2  Aboutas 33-66%
annual as not in3 likely as not probability
probability (33-66%)
Unlikely <1in 3 Unlikely 0-33%
(33%) probability
Unlikely 0-1% annual  Very <1in 10 Very unlikely 0-10%

probability unlikely (10%) probability

Exceptionally ~ O-1%
unlikely probability

Consequences

DEP and ICF applied a consequence rating scale to assess the
severity of impacts for key consequence categories and indicated
the rationale behind the ratings. After updating climate science
projections, DEP and ICF sought input from Penn State
University (PSU) experts and key community partners to
complement information on the consequences of each climate risk
as described in the 2015 and 2018 impacts assessments, and then

to rate the consequences using the scale. The proposed
consequence rating scale is in Table 16.

This scale was developed through review of the Pennsylvania
All-Hazard Mitigation Planning Standard Operating Guide (striving
for consistency where possible, such as in the overall 1-4 rating scale
and the criteria for several types of impacts) and expanding on this
guidance as needed to fit additional consequence categories for the
Climate Impacts Assessment. The metrics to define each category
are intended to ensure consistency and comparability across risk
scenarios. The thresholds to indicate different levels of
consequence (e.g., critical vs. catastrophic) are not identical for all
consequence categories, because the types of priority impacts in
each category are different (e.g, impacts to human health vs.
infrastructure). The scale was applied to expected consequences
from the climate hazards at the state scale by mid-century. It
evaluates consequences from individual discrete hazard events, and
the cumulative impacts of ongoing hazards.

Using the scale, the overall consequence score is compiled as an
average of the five consequence category ratings. The overall risk
assessment results also emphasize the disaggregated nine
consequence ratings. Finally, while the climate change risk
assessment is focused on evaluating negative consequences of the
hazards (in order to inform adaptation priorities), the assessment
includes information on positive impacts or opportunities that may
arise (see CHAPTER 5).

Confidence Ratings

Recognizing that the availability and quality of data sources for
evaluating climate hazards varies, each likelihood and consequence
rating is assigned a confidence rating. The confidence rating
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indicates the strength, consistency, and makeup of the knowledge
base used to inform the likelihood and consequence ratings:

m High confidence—Multiple sources of independent evidence
based on reliable analysis and methods, with widespread
agreement.

m Medium confidence—Several sources of high-quality
independent evidence, with some degree of agreement.

m Low confidence—Varying amounts and quality of evidence
and/or little agreement between experts; or assessment made
only using expert judgment.

Step 4—Evaluate Risks

To compute a total risk score and corresponding risk rating for each
climate hazard, the likelihood score and overall consequence score
are multiplied together. A risk matrix and scoring rubric are then used
to determine total risk as shown in Table 15.

Table 15. Risk rating matrix and rating rubric

Risk
Consequence Score Rating

Likelihood | Minor | Limited | Critical | Catastrophic | (low end inclusive)

Highly 4 8 12+

Likely

Likely 3 6 9 6 - High
1.9

Possible 2 4 6 8 3- Medium
5.9

Unlikely 1 2 3 4 1- Low
2.9
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Table 16. Consequence rating scale

Human Health

Environmental
Justice & Equity

Agriculture

Economy

Recreation and
Tourism

Other Economic

Forests,
Ecosystems, and
Wildlife

Built Infrastructure

4
Catastrophic

1000+ people
potentially affected;
over tens of deaths
or injuries possible;
long duration of
impact

Percent of population
in EJ areas that is
exposed is > 2x the
average percent of
population exposed
statewide

= Severe, disruption
to multiple
industries and
employment
lasting months to
years

= Over $1billion in
potential annual
losses

Severe disruption
to multiple
seasons or
employment
Over $1 billion in
potential annual
losses

Activity

= Severe disruption
to multiple
industries and
employment
lasting months to
years

= Over $1billion in
potential annual
losses

Irreversible
damage to a
significant natural
asset

Over 50% of
infrastructure in the
area damaged,
destroyed or shut
down; long-duration
impact for critical
facilities (30+ days) or
potential for at least
impact across >50% of
the state

3 100-1000 people Percent of population = Moderate, = Severe disruption = Moderate, = Widespread More than 25% of
Critical affected; multiple in EJ areas that is disruption to to one season or disruption to damage to a infrastructure in
deaths, sicknesses, exposed is 1.5-2x the multiple industries employment multiple industries natural asset affected area damaged
or injuries possible; average percent of and employment; = $100 million to $1 and employment; = Recovery would  or destroyed; complete
moderate to long population exposed or severe impacts billion in potential or severe impacts take years to shutdown of critical
duration of impact statewide to one industry annual losses to one industry decades facilities for more than
lasting months to lasting months to one week, or potential
years years for at least moderate
= $100 million to = $100 million to $1 impact across > 25% of
$1 billion in billion in potential the state
potential annual annual losses
losses
2 10-100 people Percent of population = Moderate, weeks- = Moderate = Moderate, weeks- = Localized, More than 10% of
Limited affected; minor in EJ areas that is to months-long disruption to to months-long significant infrastructure in
injuries only; brief to exposed is 1-1.5x the disruption to multiple seasons disruption to damage to a affected area damaged
moderate duration of  average percent of multiple industries or employment; or multiple industries natural asset or destroyed; complete
impact population exposed and employment; severe weeks-long and employment; = Recovery would  shutdown of critical
statewide or severe short- disruption to one or severe short- take years to facilities for more than
term impacts to season term impacts to decades one day
one industry = $10 million to one industry
= $10 million to $100 $100 million in = $10 million to $100
million in potential potential annual million in potential
annual losses losses annual losses
1 Very low potential for  Percent of exposed = Moderate-to- = Moderate = Moderate-to- = Localized, Only minor property
Minor health impacts; very population in EJ minor disruption to disruption to one minor disruption to moderate damage; temporary
few injuries, if any; areas is equal to or industries and season or industries and damage to a shutdown of critical

brief duration of
impact

less than the average
percent of
population exposed
statewide

employment

= Or < $10 million in

potential annual
losses

employment
Less than $10
million in potential
annual losses

employment

= Or < $10 million in

potential annual
losses

natural asset

= Recovery would
take months to
years

facilities
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APPENDIX B

For each hazard, this section presents a detailed description of the
hazard, expected impacts across sectors, and the evidence base for
the relative likelihood and consequence ratings. Hazards are
presented in order from highest to lowest overall risk score. Use the
links below to jump to a particular hazard:

Increasing Average Temperatures
Heavy Precipitation and Inland Flooding
Heat Waves

Landslides

Sea Level Rise

Severe Tropical and Extra-Tropical Cyclones
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Increasing Average Temperatures

Overview

On average, the state is expected to experience an increase of
6.7°F (3.7°C) in average annual temperature by mid-century under
the SSP 5-8.5 scenario. The effect of these increasing average
temperatures will be felt throughout the Commonwealth and across
sectors. In particular, human health, winter recreation and tourism,
and forests, ecosystems, and wildlife are expected to face
higher levels of risk. The occurrence of heat-related iliness and death
is projected to increase. Outdoor recreation that relies on snow and
ice may no longer be possible after mid-century, though would likely
be replaced by other forms of recreation. Species may experience
range shifts or even local extirpation due to sensitivity to
temperature and a decrease in suitable habitat.

Overall, average temperatures will increase from a medium to high
risk by mid-century. Table17 summarizes the likelihood and
consequence ratings. Figure 40 illustrates the change in overall risk
rating from present-day to 2050 based on the likelihood and
consequence ratings. Overall, the likelihood of increasing average
annual temperatures is high, particularly after mid-century.

Figure 40. Increasing average temperatures risk matrix
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Table 17. Increasing average temperature statewide risk summary

Timeframe or Sector

Rating

Justification Notes

Confidence

Differential Impacts

Likelihood (details on pg. 96)

Current 2 The state has experienced long-term change of more than 1.8°F High Southeastern PA historically experiences the highest
(1°C) increase since 1905. temperatures.
Mid-century 4 Climate models project 4.9-8.3°F (2.7-4.6°C) increase by mid- High Southeastern and southwestern PA will experience the
century under the SSP 5-8.5 scenario. highest temperatures, while northwestern PA will
experience the greatest change in temperature.
Beyond 2050 By the end-of-century under the SSP 5-8.5 scenario, average Same as above.
temperatures in the state are projected to increase by 7.7-13.3°F
(4.3-7.4°C). Average temperature will continue to increase beyond
2100 without greenhouse gas mitigation.
Consequences (details on pg. 96)
Human health 3 Increased heat-related mortality. High Vulnerable populations (e.g., the elderly, those with
Decreased cold-related mortality. cardiovascular disease or respiratory conditions, outdoor
Increased prevalence of diseases (e.g, Lyme disease). Workér's, énd popule!tlons V\{'th I'm"ted access to air .
conditioning) experience higher risk to heat-related illness
and death.
Environmental justice 3 EJ areas are approximately 1.8 times as exposed to high numbers  High See above.
and equity of days >90°F than the state overall.
Economy: Agriculture 2 Increased livestock heat stress. Medium Animal husbandry is expected to face more severe impacts
Decreased dairy industry productivity. from increased temperatures than crops.
Positive and negative impacts to crops.
Economy: Recreation 3 Severe disruption to snow- and ice-based winter recreation and High While winter recreation is expected to suffer, spring and fall
and tourism tourism. recreation and summer water-based recreation may see
increased demand.
Economy: Other 2 Increased energy demand. Medium

Decreased timber supply due to forest die-back.
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Differential Impacts

Timeframe or Sector i Justification Notes Confidence
Forests, ecosystems,and 4 Local extirpation for certain species lacking suitable habitat. Medium
wildlife Increase in pests and invasive species.

Decreased water quality.

Species that require cooler climates are at greater risk than
those suited to warmer climates. Specialist species with
specific habitat requirements are also more vulnerable to
habitat changes.

Built Infrastructure 1 Low infrastructure vulnerability. High
Increased cooling demand.
More frequent mandatory capacity decreases.
Reduced efficiency of energy infrastructure.

Managers should consider increased temperatures in
planning and operations for built infrastructure that serves
populations at greater risk to heat stress.

Overall Risk
Current 5.3 Medium High
2050s 10.7 High High

Potential Opportunities

= Use of biofuels to reduce reliance on fossil fuels poses an economic opportunity for the agricultural sector in Pennsylvania, with crops such as perennial shrub willow, perennial

grasses, and annual sorghum and winter rye as potential biomass crop candidates

= Increase in soil health and in the development of healthier products for people and buildings with the use of biomaterials from agriculture that sequester carbon

= Longer growing seasons and higher temperatures may provide opportunities to grow new, warmer-weather crops (e.g., soybeans, peaches)

= Increase in use of silvopasture for livestock operations, which reduces heat stress among other benefits
= Increase in participation in spring and fall recreation (e.g., biking, golfing) and summer water-based recreation
® Increase in suitable habitat for species at the northern extent of their range in Pennsylvania

= Decline in wintertime heating energy demand and costs
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Likelihood

Among projections for climate hazards, those for increasing average
temperatures have among the highest certainty. The National
Climate Assessment gives very high confidence?®® to the statement
that warming over the continental United States is higher than the
global average, and high confidence?®° to the statement that “recent
record-setting years may be “common” in the next few decades.”?"'
Much larger rises are projected by end-of-century (2071-2100):
4.6°-8.1°F (2.5°-4.5°C) in a lower emissions scenario (SSP 2-4.5) and
7.7°-13.3°F (4.3°-7.4°C) in the higher emissions scenario (SSP 5-8.5).
Given such strong confidence in projections and the intensity of the
increases, increasing average temperatures merits a likelihood rating
of four.

Note that the projected increases in temperature are similar across
emission scenarios (e.g, SSP 2-45 and SSP 5-8.5) through
mid-century. After 2050, there is more divergence between
scenarios, with greater increases in temperature occurring under the
SSP 5-8.5 scenario.

Consequences

Projected increases in average temperatures would mean that
recent record-high average temperatures become normal in the
next few decades. This carries consequences across sectors, as
discussed below. Figure 41 summarizes the overall consequence
ratings statewide for increasing average temperatures — highest
consequences are in forests, ecosystems, and wildlife.

Figure 41. Increasing average temperatures consequences
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Human Health

Rating: 3

Increased temperatures will increase heat-related mortality and
morbidity but reduce cold-related mortality and morbidity.
Currently, cold-related mortality is higher than heat-related
mortality. The literature is divided on whether increasing
temperatures will cause a net positive or negative effect in the future
but is clear that heat-related deaths will increase.?9229329429 Eyen
small increases from seasonal average temperature can result in
higher death rates.?®® Between 2000 and 2022, Pennsylvania has
experienced 66 extreme cold and chill episodes and 40 extreme
heat episodes. Cold episodes have resulted in four direct deaths and
heat episodes have resulted in 92 deaths.??” These are based on the
limited definitions of extreme cold and heat events in the National
Weather Services’ Storm Events database, which may not capture all
extreme cold or extreme events hazardous to human health. For
example, the Pennsylvania Department of Health has estimated that
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between 2018 and 2022
1,165 hospitalizations and 6,487 emergency department visits for
heat-related iliness.

Pennsylvania experienced

Dramatic increases in the heat index in the Northeast?%® are also
projected to make working, walking, and exercising outdoors more
difficult certain times a year, and may create hazardous conditions
for being outside.?®®3%° More information can be found in
section 4.2. However, the risk of mortality from extreme heat events
has been decreasing, as more and more households install air
conditioning.

The elderly, pregnant people, those with cardiovascular disease,
outdoor workers, and populations with limited access to air
conditioning experience higher risk to heat-related illness and
death.

When high temperatures extend into the night, the health risk
increases. With night temperatures above 68°F, the human body
cannot cool down from the high temperatures of the day. Warm
nights add to the physiological strain from a hot day instead of
releasing it, making the risk of heat-related health concerns much
higher.3°' Even without a heat wave, warm nights may also disrupt the
normal sleep cycle, thereby causing damage to the immune system
and increasing the risk of cardiovascular disease, chronic iliness, and
more. 392Increased temperatures also reduce air quality through
increased ground-level ozone and particulate matter (PM 2.5), as
well as increased allergen levels.3°3304 Higher temperatures can
increase the rate at which ozone is formed and increase the
prevalence of pollutants that act as precursors to ozone.*°> Warmer
temperatures are also projected to raise pollen production,
allergenicity, distribution, and seasonal timing. Combined, increased
ground-level ozone and allergens will decrease air quality. Poor air

quality has been linked with medical emergencies, acute respiratory
symptoms, exacerbated maternal heat stress for pregnant people,
and premature deaths.3%63%7 As shown in Figure 42, projected
increases in ozone from climate-attributable temperature change
are likely to contribute to an increase in premature deaths in
Pennsylvania. Increased levels in PM 2.5 are also expected contribute
to an annual increase of premature deaths in the Northeast
(specifically, 400 more deaths among people ages 65 and older,
relative to a 1986-2005 baseline, with 2°C of warming).3%8
Additionally, increased allergens will also lead to more individuals
experiencing allergies.2°° Higher pollen production and longer pollen
season could also increase asthma episodes.®™©

Figure 42. Projected premature deaths from changes in ozone
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Projected change in average daily maximum temperature, daily 8- hour maximum
ozone, and excess ozone-related premature deaths in the United States in 2030.
This study was based on RCP 8.5.3"

Increased temperatures may contribute to the development of
harmful algal blooms on Lake Erie and other water bodies, which can
be a health hazard if people or pets come in contact with or ingest
the toxic algae.™
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Climate change also could affect the distribution and prevalence of
vector-borne diseases (e.g., Lyme disease and West Nile Virus) and
air-borne infectious diseases. For example, warmer winters could
increase the rates of Lyme disease. Already, Pennsylvania
experiences the most Lyme diseases cases in the country partly as
a result of increased winter temperatures and the westward
expansion of tick populations that carry Lyme disease.® 3 Higher
temperatures could also lead to increases in the prevalence of
mosquito-borne illnesses.3® Warm summers and milder winters
could lengthen these diseases transmission seasons. Finally, a more
temperate Commonwealth may allow for greater movement of
southern disease carrying species northward, like the lone star
tick,®® Gulf Coast tick®” and the Asian tiger mosquito.®® In 2022,
Pennsylvania identified gulf coast ticks for the first time®® and
reported its first human case of Heartland virus,®?° an arbovirus
transmitted by the lone star tick.

Violence is also projected to increase as a result of climate change.
Increased temperatures have a significant positive effect on criminal
behavior.32'322 Violent crimes are projected to increase as a result of
warmer temperatures, including murder, rape, and aggravated
assault. 323324

Human health impacts may be exacerbated in areas where
populations experiencing heat-related impacts have less ability to
adapt (e.g., low-income individuals that cannot afford air
conditioning or need to take public transportation or walk).
Additionally, heat impacts may be more significant in certain urban
areas. The urban heat island effect, which can raise local daytime
temperatures by 1-7°F and nighttime temperatures by 2-5°F,
happens in areas with significant amounts of paved surfaces and
buildings which reflect heat and low concentrations of greenery.32%

As a result, urban areas are projected to experience greater rates of
mortality from heat events.32¢

Environmental Justice and Equity

Rating: 3

EJ areas are more likely to experience days above 90°F compared to
the state average. For example, EJ locations are 1.9 times more likely

to be in the top one-fifth of census blocks with days above 90°F
compared to non-EJ census blocks.

Although populations in EJ areas constitute less than a third of the
statewide population, over half of all people in the state exposed to
highly frequent heat days are those of EJ areas. BIPOC and those
living below the poverty line are disproportionately exposed to urban
heat island intensity in 169 of the largest U.S. cities, which includes
Philadelphia and Pittsburgh.3?

Figure 43 shows the number of days with temperatures >90°F
projected to occur across the state by mid-century, overlaid with
state EJ areas. This indicator is useful for capturing the general areas
where temperatures are projected to most frequently be very hot,
and therefore where vulnerable populations may be most at risk.
However, the indicator does not capture localized urban heat
island (UHI) effects in cities, where temperatures may be even hotter
than the downscaled averages projected in local areas with fewer
trees and less green space3?® that can otherwise absorb heat and
provide shade.
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Figure 43. Projected annual number of days with temperatures
over 90°F in 2050, with EJ block groups
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Risks of heat-related illness and mortality will increase with warmer
average temperatures. Populations most at risk will likely be those
that disproportionately lack access to the key methods of adapting
to this risk — such as using air conditioning indoors (price may be a
barrier), staying in the shade outside (outdoor work and financial
constraints may be a barrier), and drawing on support networks
(seniors living alone may be especially vulnerable).32°

A City of Philadelphia heat report found that average surface
temperatures are up to 22°F hotter in some neighborhoods than
others. Low-income and minority residents are more likely to live in
these neighborhoods.®3°3% The expected causes of hotter surface
temperatures are limited green space and tree canopy, more
exposed dark surfaces (e.g., asphalt), and aging housing stock due to
a history of redlining and disinvestment. Residents interviewed for
the study also indicated limited access and awareness of City

cooling centers and a need for better air conditioning and fans at
home to stay cool.

Economy

Agriculture

Rating: 2

Increasing average temperatures will have both positive and negative
impacts on crops in Pennsylvania. Warmer temperatures mean longer
frost-free and growing seasons (see map of projected growing degree
days and Plant Hardiness Zones in Figure 9 and Figure 10). For
example, soybean crops are expected to experience increased yields
due to longer frost-free and growing seasons and higher
concentrations of atmospheric carbon dioxide.?3? Other crops such
as peaches, could also see an expansion in growing season and yield;
Pennsylvania’s current peach production has a value of approximately
$20 million annually.23® However, corn, which is Pennsylvania’s crop
with the highest agricultural sales, is projected to experience
decreased yields due to hotter summers. Increased temperatures are
also projected to harm corn crops by allowing pests such as corn
earworm to increase their populations.®34

Livestock and dairy farming will be negatively impacted overall due
to increased heat stress experienced by the animals (and
subsequent decreased meat and milk yields), increased energy and
capital expenditures to reduce heat stress, and lower-quality forage
material.33® However, poultry farms are expected to double in size by
2050 as Pennsylvania becomes a better alternative to the climate of
southern states.3%
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Increased temperatures may encourage a shift to using silvopasture
for livestock operations, which integrates trees, foraging, and grazing
on the same plot of land. This practice reduces heat stress, increases
forage and reduces feed cost, increases carbon sequestration,
captures more runoff/nutrients, and provides alternate income
source via nuts or fruits.3¥’

Recreation and Tourism

Rating: 3

Climate change is expected to greatly impact snow and ice-based
recreation for the worse and may affect the types of recreation that
people choose to pursue in each season. The state’s downhill ski and
snowboard resorts are not expected to be economically viable past
mid-century. Particularly in southern Pennsylvania, snow cover to
support cross-country skiing and snowmobiling has been declining
and is projected to decline further by 20-40% by the middle of the
century and 40-80% by the end of the century.3%®

Water-based recreation may experience increased demand, though
the impact is expected to be small. A national study found that
climate and participation in water-based recreation do not have a
strong relationship. Decreased snowpack and earlier snowmelt may
lead to diminished water levels later in the summer.33° Other outdoor,
warm-weather leisure (e.g., biking, golfing) is expected to experience
an increase in activity during spring and fall and a decrease during
the hottest days of summer.

Hunting and fishing in Pennsylvania will also be altered. Cold-water
fishing (e.g., trout) may no longer be supported. This impact could
be particularly severe in southeastern and northwestern
Pennsylvania. However, the Pennsylvania Fish and Boat Commission
conducts an extensive annual trout stocking program that may help

support trout populations under changing conditions.34° Increased
drought conditions may increase the risk of wildfire, affecting
hunting and other outdoor recreation.#

Increased temperatures may also contribute to the development of
harmful algal blooms on Lake Erie and other inland lakes, which could
discourage recreation and fishing due to health concerns to both
humans and fish.

Other Economic Activity

Rating: 2

Pennsylvania is a major energy-producing state in the U.S, largely
due to natural gas production, and the energy sector will have to
manage demand transitions that accompany climate change.
Warming is likely to increase demand for cooling during summer
months, and this increase is likely to be larger than any decline in
wintertime heating energy consumption (i.e., an overall increase in
annual energy demand).

The forest products industry might see a reduction in supply as large
areas begin to die back due to climate-induced stress and may need
to make substantial investments in artificial regeneration. The industry
has an estimated direct economic impact of $21.5 billion and employs
10% of Pennsylvania’s manufacturing workforce.342

Forest, Ecosystems, and Wildlife

Rating: 4

As temperatures increase, suitable habitat for tree species will shift to
higher latitudes and elevations. This will present a decrease in suitable
habitat available for species that currently have the southern extent
of their range in Pennsylvania or are found primarily at high latitudes
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(e.g. American beech, bigtooth aspen, chokecherry, eastern hemlock,
quaking aspen, yellow birch), and will present an increase in suitable
habitat available for species that are currently at the northern extent
of their range in Pennsylvania (e.g., shortleaf pine, black hickory, black
oak, black walnut, blackgum, flowering dogwood, pignut hickory,
scarlet o0ak).343344 Additionally, longer growing seasons and higher
temperatures, among other climate-related factors, may increase
overall forest growth rates; however, this may be offset by increased
mortality in stressed forest species.

Some plant and animal species will experience increased stress due
to changes such as decreases in suitable habitat area and habitat
fragmentation, increases in the prevalence of pests and invasive
species, and disruptions to the timing of natural cycles such as
migration, emergence from dormancy or hibernation, and leaf
development and blooming.34® Species composition is likely to
change as aresult of these stressors. Specialist species with specific
habitat needs may not survive the habitat changes. Generalist
species, however, will be better able to adapt to changing climates
and habitats.34¢ Rising temperatures and shifts in weather patterns
affect bird’'s ability to find food and reproduce, impacting local
populations. In Pennsylvania, 80 species of bird face moderate to
high vulnerability to these impacts.3¥

Winter stream temperatures have shown warming trends, which
presents both positive and negative outcomes for fish communities.
Riverine ecosystems may shift as some fish populations that depend
on a cold-water habitat become lose habitat.?%’ In the tidal
freshwater portion of the Delaware Estuary, increased water
temperatures will decrease the solubility of oxygen while increasing
respiration rates, both of which lead to decreased dissolved oxygen
concentration and decreased water quality.

Example economic impacts of increasing average
temperatures

The economic impacts of increasing average temperatures are likely to be felt in
tandem with extreme heat. The mean annual temperature in Pennsylvania has
increased approximately two degrees Fahrenheit over the last century but has
recently been increasing at a faster rate.34®

Agricultural Impacts

The agricultural industry in Pennsylvania generates approximately $132.5 billion in
total economic impact each year and supports 593,600 jobs.34°

Increasing average temperatures may lengthen growing periods, but an increase
in the number of hot days will negatively impact yields (see heat waves).

Farmers may also have to deal with costs such as additional frost concerns (cold
snaps occurring during an earlier growing season may damage crops). Longer
growing seasons may result in more generations of pests, whereas historically
farmers only have been concerned with two generations, a spray of a third round
of pesticide would increase costs.?%°

Increasing atmospheric CO2 concentrations may decrease livestock forage
productivity, protein content, and digestibility. These, and other, impacts may
increase prices of purchased feed, maintenance costs for livestock, and changes
in price for meat.?®

About 58% of Pennsylvania is covered by forests, which face challenges from
invasive species and disease.?5? As average temperature increases, the mix of tree
species within forests may also change, opening up the way for new diseases and
pests. The spread and severity of insect outbreaks, pathogens, and invasive plant
species are expected to intensify with continued warming trends.3%

Recreational Impacts

In Pennsylvania outdoor recreation generates $17 billion in gross domestic
product and sustains more than 164,000 direct jobs.3** Increases in average
temperature will have different impacts on seasonal recreational activities.
Outdoor activities in fall and spring may increase as the weather stays warmer
for longer. Summer activities may be curtailed as temperatures approach
dangerous levels. Winter activities may suffer in some areas (with a decline in
skiing and snowmobiling),®%° however lake effect snowfall in northwestern PA is
likely to increase.®®® There is not yet a clear picture of the aggregate impacts at a
state level, but there are likely to be significant changes, and winners and losers
in various industries.
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Higher evapotranspiration rates from increased temperatures will
make wetlands more dependent on the protection from nearby trees
and forests. Urbanization or logging activities that occur around
wetlands will have a larger impact on wetland degradation.3%8

Increased temperatures may also contribute to the development of
harmful algal blooms on Lake Erie, which exposes many aquatic or
coastal dwelling species to toxins, affecting the health of the
ecosystem.

Built Infrastructure

Rating: 1

The trend of increasing temperatures will require infrastructure
managers to undertake adaptation in planning and operations. The
“tropicalization” of the climate (i.e., increased heat and moisture) will

decrease the service life of building and roofing materials and
increase maintenance costs for built infrastructure.3%®

As for energy infrastructure, increased temperatures simultaneously
increase demand for cooling and require power grid operators to
reduce operable capacity on electric generation facilities and
electric transmission lines to avoid heat-related damage. Electrical
and electronic equipment in unconditioned or outdoor spaces have
shorter service lives and are subject to a greater chance of thermal
overload or reduced efficiency.3¢© Extreme heat will also reduce
efficiency of energy generation in solar photovoltaic (PV) panels,
especially when temperatures exceed 77°F.3¢'362 However, rooftop
solar can reduce the cooling energy needs of buildings and help
reduce peak demand.®®® Increased water temperatures could
decrease the availability of water that would be used for power plant
cooling.

In addition, warmer temperatures can affect the chemical
composition of drinking water by impacting source water
ecosystems. Water treatment is also temperature dependent.
Increased temperatures will require water treatment facilities to
modify their operations to account for this.364
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Heavy Precipitation and Inland Flooding Figure 44. Heavy precipitation and inland flooding risk matrix

Heavy Precipitation and Inland Flooding

Overview Highly Likely
Flood events are recognized as the costliest weather hazards in Likely
Pennsylvania.®®® From 1996 to 2018, flooding caused approximately -

o1 . o . . . . °
$1.025 billion in property damage, 31 fatalities, and 107 injuries. £ possible
Flash flooding from stormwater runoff specifically caused % Risk Rating
approximately $2.156 billion in property damage, 58 fatalities, and P Extreme
52 injuries. In the 1996-2018 time period, inland riverine floods and Unlikely High
localized flash floods together generated 79% of the property Medium
damage of all weather-related impacts in the state, though they : 1 L _ Low

. L. L. Minor Limited Critical Catastrophic

only caused 12% and 7% respectively of all fatalities and injuries Conseguence

related to weather events.36

In Pennsylvania’s 2018 Hazard Mitigation Plan, the “flood, flash flood,
and ice jam” hazard — which considers multiple types of flooding
including 1%- and 0.2%-annual chance (1-in-100 and 1-in-500-year
return periods, respectively) floodplain risks — received the
highest-risk factor ranking of all hazards assessed.3¢”

Costs associated with infrastructure damage and increased risks
to agricultural production and human health are particularly
significant.®®® Figure 44 illustrates the change in overall risk rating
from present-day to 2050 based on the likelihood and
consequence rating. Table 18 summarizes the statewide likelihood
and consequences of heavy precipitation and inland flooding
in Pennsylvania.
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Table 18. Heavy precipitation and inland flooding statewide risk summary

Rating or
Risk Score

Timeframe or Sector

Notes

Confidence

Differential Impacts

Likelihood (details on pg. 106)

Current 4 There are 24 counties that regularly High Areas in FEMA 100- and 500-year floodplains or
experience one flood event per year. adjacent to water bodies or areas with high urban

stormwater runoff may be most at risk.

Mid-century 4 Average annual precipitation, precipitation Medium Same as current differential impacts.
variability, and flooding are projected to
increase by mid-century, potentially
increasing the frequency and severity of
floods.

Beyond 2050 Precipitation changes are expected to
continue well beyond mid-century.

Consequences (details on pg. 107)

Human health 3 Risk of direct injury from flood waters or High Certain populations may be disproportionately exposed
health impacts from water quality to and have greater barriers to managing flood impacts.
contamination. For example, homeless and low-income individuals,

people who work outside (e.g., agricultural or
construction sector), and BIPOC communities that have
historically been disinvested in (e.g., older
infrastructure) may be more at risk to impacts.

Environmental justice and 2 EJ areas slightly overrepresented in Medium Vulnerable populations may face greater challenges in

equity high-risk floodplains compared to the state managing flood impacts. Also see above.
overall.

Economy: Agriculture 3 Increased runoff, erosion, and nutrient High See above.

leaching.

Greater challenges in timing of crop
planting.
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Rating or

Timeframe or Sector Risk Score Confidence Differential Impacts
Economy: Recreation and 2 State parks and forests have experienced Medium See above.
tourism significant impacts from flooding and heavy

precipitation events (e.g., closure,
infrastructure damages, decreased water
quality).

Economy: Other 2 Significant damage to infrastructure, with Medium See above.
broad downstream economic impacts.
Represents the most expensive weather
hazard in the state.

Forests, ecosystems, and 2 Increased hydrological variability may High See above.
wildlife impact wetland and stream ecosystems.

Increased pathogen loads and

eutrophication and algal bloom risks.

Built Infrastructure 3 Increasing risk of flood damages to homes, High See above.
small businesses, and major energy and
transportation assets.

Infrastructure in floodplains is particularly at

risk.
Overall Risk
Current 9.9 High risk High
2050s 9.9 High risk Medium

Potential Opportunities

= Invest in more agricultural best management practices to reduce the shock of acute storm events
= Invest in healthy soils in agricultural land. One percent of organic matter in the top 6 inches of soil would hold approximately 27,000 gallons of water per acre
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Likelihood

Data on past events indicates that from 1950 to 2017, 24 counties
experienced, on average, at least one flood event per year (“flood
event” as defined by NOAA/NCEI), and disaster declarations in the
state caused by flood events outnumbered those caused by other
hazards.®®° And from 1953 to 2023 of the 63 Presidential Disaster
and Emergency Declarations that affected the Commonwealth,
26 (41%) were flood events.®’® These flood events have occurred
across the state, including in, though not limited to, areas defined as
FEMA floodplains (see Figure 45).

Figure 45. FEMA 100- and 500-year floodplains in Pennsylvania
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Data source: FEMA

The occurrence of heavy precipitation events and associated inland
flooding impacts is projected to significantly increase due to climate
change. In general, Pennsylvania is expected to see greater

precipitation variability, which translates to more frequent and
intense occurrence of both heavy precipitation events and very low
precipitation conditions. The degree of change is likely to vary across
the state; projected variability is also uncertain because of the
significant natural variability of precipitation.®”

Averages of statewide observed and projected precipitation data
demonstrate this statewide trend of increased variability (more local
information would be needed for local-level nuance). Mid-century
(2041-2070) modeled conditions are compared to baseline
observed data (1971-2000).

m By mid-century, the number of days with more rainfall than
currently occurs on “very heavy” (95™ percentile) rainfall days is
projected to increase 21%, from 11 days to 13 days. The amount of
precipitation falling on those days is also projected to increase 9%.

m Notably, these numbers speak to events that all happen relatively
infrequently but are projected to occur more often in the future.

This Assessment evaluates the likelihood of damaging flood events,
which are already occurring regularly and incurring significant
damages, as detailed in the 2020 Impacts Assessment and
2018 Hazard Mitigation Plan. Notably, as more intense precipitation
events become more common, the occurrence of extreme flood
events — such as today’s 1% annual chance floods (or 1-in-100-year
floods) and 0.2% annual chance floods (or 1-in-500-year floods) —
may as well. The increase in intense precipitation events is likely to
increase the number of people exposed to flooding each year by
5-10% in 2050.372 Accounting for population growth, the total number
of people exposed to flooding in Pennsylvania is expected to increase
25-75%.37® Due to uncertainty around localized projections of future
intense precipitation conditions, the likelihood of specific types of
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future flood events (e.g., 1-in-500 year floods) occurring is difficult to
quantify; nonetheless, projections of increased occurrence of intense
precipitation events by end-of-century suggest associated intense
flood events will likely increase as well. Decision makers will need to
work with assumptions of deep uncertainty to manage potential
increases in extreme flood events.

Consequences

Flood events are recognized as the costliest weather hazards in
Pennsylvania. As shown in Figure 46, increased risks to human health
and agricultural production and costs associated with infrastructure
damage are particularly significant.®”4

Figure 46. Consequences of heavy precipitation and inland flooding
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Human Health
Rating: 3
Intense precipitation and inland flooding can cause significant

human health risks, particularly related to flash flood events and
water pollution.

In the historical context, Pennsylvania has experienced extreme
floods frequently, and the deadliest among those events have been
caused by extreme precipitation.3’®° Heavy precipitation can result in
hazardous road conditions and reduced visibility, which can cause
automobile accidents.?’® Data on births that occurred under flood
conditions indicates flood exposure has been linked to hazardous
birthing outcomes.?’’378 For events between 1959 and 2005,
“Pennsylvania ranked 2", 10*, and 14" in the U.S. in the frequency of
flash flood-related fatalities, injuries, and casualties, respectively”;
during this period, a flash flood in 1977 and a flood caused by Tropical
Storm Agnes in 1972 resulted in more than 50 fatalities.®’”° More
recently, in July 2023, seven people in Bucks County drowned in a
flash flood.38°

Climate change can also potentially worsen water quality through a
combination of weather changes and pollutant emissions; lower
water quality may affect health through contact during outdoor
recreation, or if drinking water is affected. Individuals who consume
contaminated water may experience gastrointestinal illnesses.3®!
Post-flood event health consequences may include the
remobilization and redistribution of pollutants®? such as coal ash;83
physical safety risks related to standing flood water or limited access
to critical services (e.g, due to transportation damages);38438%
respiratory risks related to reduced IAQ (e.g., because of mold); 386387
and mental health impacts.3®
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Impacts of flooding, such as redistribution of materials, will vary
based on the type of land flooded. For example, flooding of industrial
or brownfields areas can distribute hazardous materials widely;
storage tanks can float, tip, and rupture, and pipelines and
contaminated soils can be scoured out and exposed.®¥° Flooding of
agricultural lands could spread contaminants from animal waste.

Pennsylvania’s aging infrastructure exacerbates health impacts from
stormwater runoff. Unlike newer cities, many cities in Pennsylvania
have combined stormwater and wastewater sewer systems. In what is
known as a combined sewer overflow (CSO), so much stormwater
accumulates in a sewer system that it exceeds the infrastructure
capacity and overflows into the environment, bringing the untreated
wastewater with it. Pennsylvania is considered to have the largest
incidence of CSO events in the country and has 152 communities that
regularly experience CSQOs.3%

Additional information on flooding impacts to health can be found in
section 4.1.

Environmental Justice and Equity

Rating: 2

Spatial analysis of areas located in FEMA 100-year and 500-year
floodplains indicates that, in percentage of land cover, EJ areas are

slightly overrepresented in high-risk flood zones compared to the
state overall.

Nearly 5.2% of Pennsylvania land and 6.2% of Pennsylvania EJ areas
are located in FEMA 100-year floodplains, and 5.5% of Pennsylvania
land and 6.8% of Pennsylvania EJ areas are located in FEMA
500-year floodplains. These statistics indicate a slightly greater
percentage of EJ areas are exposed to 100-and 500-year flooding

compared to the state on average (about 1.2 times as exposed). This
matches national statistics showing low-income and low-wealth
populations as a higher percent of inhabitants of flood zones in
inland areas.?!

This land area-based spatial analysis is limited in its ability to fully
capture potential inequities in flooding risk — for example:

m Statistics on individuals who live or work in each floodplain are
not captured, such as the number of people, how vulnerable they
are to flood impacts, and their base level of adaptive capacity.

m Information about buildings and structures in each area is not
considered (e.g, if buildings located in floodplains have
flood-proofing measures, making residents less vulnerable).

m Low-wealth or marginalized individuals living in Census tracts not
classified as EJ areas are not captured by this analysis.

m There are individuals who live in EJ areas but are not
overburdened.

m Populations known to face greater vulnerabilities to and obstacles
in managing flood impacts may not all be captured by the EJ
areas indicator because it is based solely on income and racial
and ethnic identity (e.g, individuals who are elderly or
experiencing homelessness).

m Data on past flood costs is not included. Rural communities in
Pennsylvania have seen some of the highest per capita property
losses related to flooding, on average, within the state.

Additional considerations are needed to further contextualize
potential EJ and equity risks, including potential infrastructure
underinvestment, flood inequalities often present in urban areas,
and existing work to prevent flood inequities.
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Riverine and coastal flooding challenges are likely to be exacerbated
by existing underinvestment in stormwater management or flood
protection infrastructure®®? — a cycle that may leave poorest
populations in most at-risk locations due to financial obstacles to
leaving for higher g increase peoples’ vulnerability to flood
risk, such as:3%3

m Demographics (e.g., older age, minority race or ethnicity)

m English as a second language

m Low-income or wealth

m Food insecurity

= Mobility (e.g, access to vehicles and/or public transportation)
m Having their home or place of business located in a floodplain
m Lack of flood insurance

m Lack of business security

m  Proximity to toxic sites or hazardous facilities

A range of flood consequences may be related to those indicators —
such as impacts to employment (e.g, if someone’s business is
closed), food security (e.g., if crops are lost due to flooding), housing
(e.g, if someone’s home is damaged by flooding), emergency
management (e.g, language and platform accessibility of
communications), or access to services (e.g., education, healthcare,
emergency management).3® Immigration status and English-
speaking ability may also create barriers to accessing assistance
during and after flood events.

Analysis of equity and urban flood risks by the U.S. Water Alliance,
informed in part by the Philadelphia Urban Flooding Bootcamp Team,
describes how vulnerable or marginalized communities may face
barriers to social and economic opportunities, or to living in a healthy
environment.3%® The analysis identifies five key types of flooding

inequities often experienced in urban environments: “1) Historical
development practices placed low-wealth people and BIPOC
communities in flood-prone areas, 2) Infrastructure in economically
distressed communities is often in worse condition, 3) Poverty
intersects with flood vulnerability, 4) Social and environmental
factors also leave some populations more vulnerable, and 5) Climate
change is leading to migration that exacerbates existing flooding
inequities”. It also identifies five priority actions to support equitable
resilience to urban flooding: “1) Use data to identify risks, assets, and
community vulnerabilities, 2) Commit to ongoing and meaningful
community engagement, 3)Set a proactive vision and build
strategic alignment, 4)Fully incorporate equity into resilience
planning processes, and 5) Target investments in vulnerable
communities”.3%

Ongoing work in Philadelphia is highlighted as an example of Priority
Action 4 in the Water Alliance analysis. Philadelphia’s Flood Risk
Management Task Force, in place since 2015, works to coordinate
resources and manage flooding across different neighborhoods,
and in 2020 has piloted a community-led task force to make the
voices of interested parties and leaders in the community central
in the planning, decision-making, and communications
processes.®’  Additionally, projects in  three low-income
neighborhoods—Lancaster, York, and Harrisburg—are currently
targeting the issue of polluted urban and suburban runoff, a
“leading source of stream pollution in Pennsylvania” known to cause
nuisance flooding and threaten drinking water. Community
volunteers are working with the projects’ sponsors, DEP, and the
Chesapeake Bay Foundation to design and implement mitigation
measures in their neighborhoods, from planting street trees to
putting together rain gardens.3%®
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Economy

Agriculture

Rating: 3

The primary impacts to crop and livestock agriculture from extreme
precipitation are increased flooding risks including augmented
runoff, erosion, and nutrient leaching, as well as challenges in timing
of crop planting or harvesting. In particular, heavier precipitation and
higher temperatures are causing earlier snowmelt, which increases
the risk of springtime flooding that can delay planting and reduce
yields.2?® Any kind of severe flooding can cause crop, equipment,
and livestock losses or damage. Though many practices (e.g., no-till
management and soil conservation) to reduce runoff rates have
been successfully implemented in recent years in Pennsylvania,
flooding remains a challenge, and current conservation practices
may not protect against more frequent and intense extreme
precipitation events.

Areas in Pennsylvania experienced excessive rain twice in 2021
Floods in July were brought by a 100-year storm, while the remnants
of Hurricane Ida flooded counties along the Delaware River in the first
days of September.4°°40! The USDA designated ten Pennsylvania
counties as natural disaster areas and provided funding to support
impacts of livestock death, feed and grazing losses, and crop
loss.#92403 High precipitation has historically cut crop production
levels by limiting the ability to harvest crops while allowing mold and
disease to affect waterlogged crops.

Extreme precipitation events tend to affect entire regions rather
than isolated farms, which can cause volatility in local prices due to

sudden reductions in commodity or supply availability (e.g., grain,
which is critical to the dairy industry).

Crop management practices may be challenged by increased
frequency and intensity of extreme precipitation events — in
particular, the increased runoff and flow concentration associated
with this hazard. These impacts could challenge nutrient
management methods by increasing nutrient losses prior to plant
growth and uptake and could also create vulnerabilities in structural
management practices and traditional crop management strategies
such as conservative crop rotations and contour farming. Crop
residue and no-till soil management may cease to provide suitable
erosion management strategies with the increase in extreme
precipitation.*®4 Similarly, pasture management for livestock farming
may be impacted by more runoff and intense flows, especially in
locations that are already regularly wet, poorly drained, and sloped.
Crops commonly used for biofuels such as miscanthus, shrub willow
and switchgrass may benefit from warmer and wetter spring
conditions and can serve as natural riparian buffers for sensitive
parts of the landscape.

Indirect effects of heavy precipitation events could also include
reducing effectiveness of strategies to manage the spread of
pollution, nutrients, and sediments across waterways and
agricultural and urban landscapes.

Costs associated with crop impacts from flooding and heavy
precipitation are significant. Extreme precipitation is estimated to
have caused 26% of all Pennsylvania’s crop losses from 1989-202],
mostly affecting corn, soybeans, and apples.“°®> The overarching
trend is that insurance payment totals increased throughout that
period.*%® The agricultural sub-sector of crop and animal production
generated about $9.2Bilion USD; this figure represents
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approximately 10% of the total economic output from the
agricultural sector, and the crop and animal production sub-sector
also provides about 29% of the total direct employment in the
agricultural sector.*%’

Recreation and Tourism
Rating: 2
State parks and state forests across Pennsylvania have been

experiencing significant impacts from flooding and heavy
precipitation events. For example:

m In June 2023, heavy precipitation caused flash flooding with
inundation up to five feet in southeastern Pennsylvania. Roads
were closed and airline flights were canceled across the eastern
seaboard.408

m In 202], officials closed 14 state parks and seven state forests to
campers and hikers out of concern that heavy precipitation from
the remnants of Hurricane Ida would cause significant flooding
that could be unsafe for recreationists.*°®

m Heavy precipitation in December 2020, falling as rain due to high
temperatures, caused flooding and fast river currents in the
Delaware River corridor, leading the National Park Service to close
travel on and access to the river in the Delaware Water Gap
National Recreation Area.*'©

m An extended period of heavy precipitation in July 2018 forced
multiple state parks as well as Hershey Park and Knoebels
Amusement Park to close for several days due to flooding.*"412

®m |In August 2013, intense storms in Southwestern Pennsylvania led
to flooding that forced a variety of recreation areas including

boat launches, beaches, and campgrounds to close; many of the
closures restricted recreation spaces over the Labor Day
holiday.*

m “Torrential” rains and flooding in eastern and central Pennsylvania
from Tropical Storm Lee (September 2011) forced closures of
several recreation areas including World End State Park, Bald
Eagle State Park, and parts of the Canal Towpath, and eight other
state parks reported damage from the storm (much of it due to
flooding). Several of these areas had also been impacted by
flooding in January 2010.44

Potential effects of climate change and pollution on water quality
may increase risks of outdoor recreation where people could come
into contact with dirtier or more polluted water.#”® In 2022, there were
1,263 acres of recreational lakes deemed too impaired for use as a
result of agricultural and urban runoff.4®

Additionally, increased flooding will impact planning and
investments, where recreation can occur, and ultimately which
projects receive grant funding (for more information, see DCNR
Climate Change Adaptation Plan).*”

Increased frequency and intensity of flooding and stormwater runoff
may result in impacts to infrastructure and recreational and
ecological resources (high risk). Infrastructure potentially at risk
includes trails and recreational amenities; transportation assets
such as bridges and roads; buildings; dams; and cultural and
historical resources.*® If trails or recreational amenities are impacted
by severe weather or rain events and need to close down for repair,
that could put increased pressure on other recreational resources.*"®
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Other Economic Activity

Rating: 2

Due to the interconnectedness of Pennsylvania's economic
sectors, impacts of flooding on assets or infrastructure in
one sector may have downstream effects on other sectors. For
example, localized flooding of and damage to rail assets could
disrupt access to workplaces or recreation spaces. Additionally,
local power blackouts caused by flood damage to energy
infrastructure could impact those reliant on that power supply.*¥”
Depending on the region and asset(s) impacted, consequences
may vary significantly. Example economic impacts of flooding are
described in the box at right.#38

Forest, Ecosystems, and Wildlife

Rating: 2

More intense rainfall projections are already beginning to manifest
in Pennsylvania. More extreme streamflow associated with intense
rainfall is already occurring across much of the state, except for the
southwest quadrant. Four of the top 10 wettest years on record
have occurred since 2000 and the top two have occurred since
2010.4%° This risk is projected to continue to increase under climate
change, and bank erosion is therefore expected to become an
increasingly large concern for the state. More broadly, greater
hydrological variability, including more intense and less predictable
floods and extreme streamflow, could have significant long-term
impacts on wetland and stream communities.#4°

Rainfall and runoff events are the primary weather drivers of
nonpoint pollution; increased frequency, intensity, and variability
of these events could have negative impacts on both rural and

Example economic impacts of flooding

Pennsylvania is one of the most flood-prone states, with an estimated 86,000 miles of
streams and rivers, the most in the continental U.S. 2018 was Pennsylvania’s wettest year
on record with 63.97 inches of annual rainfall.42042

Flooding along Rivers

From 1991 to 2012, Pennsylvania saw a 71% increase in heavy rainfall events of two or more
inches“2

Flash floods in 2019 and 2023 from between four and seven inches of precipitation led to
multiple fatalities and necessitated water rescues.*?3424 |n 2021, flooding events caused by
5-10 inches of rain that fell as the remnants of Hurricane Ida led to record streamflow in
19 locations.*?® There were several fatalities as a result of this flooding event.4?

A heavy rain event from August 10-15, 2018 led to severe flash flooding in counties along
the Delaware and Susquehanna Rivers and their tributaries. This flooding resulted in an
estimated nearly $62.8 million in total recovery costs for with the governor requested for
disaster relief in 16 counties.*?’

In early 2018 in Western PA, several rainstorms resulted in flash flooding and landslides
resulting in closed roads. Landslide and rain damage in April 2018 resulted in $14.6 million
in Pittsburgh and Allegheny County.428429430431

Wettest Year on Record (2018)

PEMA estimated 2018's severe weather to have caused approximately $125 million in
damage to public infrastructure due to flooding and landslides. Nearly half of damages
were not covered by federal disaster aid, imposing strain on local, county, and PA's
budgets.*32

Rural Impacts

Roughly 6.5% of PA’s population lives in floodplains (roughly 374,000 housing units on
5.6% of PA’s land mass). The population living in floodplains tends to be older and less
financially well off.

FEMA, under the Biggert-Waters Flood Insurance Reform Act of 2012, requires “actuarial”
rates for flood insurance to address budget shortfalls from storm damage, resulting in sharp,
short-term premium increases, especially previously subsidized rates. An expected
25% increase in National Flood Insurance Program premiums would yield a 6.6% short-term
loss in property value.*33

Heavy rain and flooding in 2019 were expected to negatively impact PA farmers’ corn and
soybean yields and record rains continued from 2018 into 2019. In Pennsylvania, rain makes
steady planting nearly impossible, making scheduling of pest management and harvest
difficult. Nationally, heavy rains and flooding delayed the start of soybean planting by 34% by
aCreage'.434’435’ 436
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urban ecosystems and wildlife. Increased flooding and runoff
associated with heavy rain events may affect water quality through
increasing pathogen loads (e.g., through runoff from livestock farms,
sewer overflows, and resuspension of pathogens in river sediments
due to water turbulence in intense storms) and increasing risks of
eutrophication and harmful algal blooms (e.g., due to greater nutrient
availability from runoff).441442

Hydraulic fracturing or “fracking” is currently underway in many parts
of Pennsylvania, particularly in southwest and northeast
Pennsylvania in the Marcellus Shale.**® Laws such as Act 13444 govern
safe management of potentially toxic spills and runoff from fracking
operations that can occur with heavy flooding.*4® Additionally, there
are municipal waste landfills and other waste facilities located across
Pennsylvania,**¢ which could potentially leach contaminants during
flood events if not properly managed.

Further, wetter soil in mountains could contribute to flash flooding
during spring storms that coincide with snowmelt.

Additionally, water levels in the Great Lakes, including Lake Erie, are
primarily driven by rainfall. Warmer temperatures and greater
precipitation variability may lead to more precipitation falling as rain
instead of snow, and warmer winters may lead the Lake to be frozen
for less time, which could accelerate erosion and cause more
flooding. However, warmer temperatures will also increase
evaporation, and precipitation variability will likely cause record lows
as well as record highs.*¥

Built Infrastructure

Rating: 3

The greatest impacts that flooding is expected to have in
Pennsylvania are on infrastructure systems. Flood-related damages
are likely to be localized but intense (e.g., flooding alone may cause
a local blackout but is unlikely to bring down a full regional power
grid). However, if key infrastructure is damaged that may have
broader downstream effects (e.g, damage to transportation
infrastructure could lead to broader disruptions to the economy).
Costs related to these damages are significant; for example, FEMA
paid $123 billion to National Flood Insurance Program (NFIP)
policyholders in Pennsylvania between 2000 and 2020.44¢ NFIP
insurance is available to businesses and property owners and
renters; in high flood-risk areas, businesses and homes must have
flood insurance if they have mortgages from government-backed
lenders.#® On a higher scale, Pennsylvania is the second
most-at-risk state for flood damage. One study has found that the
state holds $1.2 billion in possible damage costs.*>® Another found
that the cost to adapt storm drainage capacity to avoid sewage
overflows and flooding could reach $7.8 billion and the cost to
reinforce bridges could reach $268 million.*'

Both rural and urban infrastructure face significant increasing
flooding risk, though likely with differential risks and vulnerabilities
across regions and demographics. For example, an evaluation of per
capita property losses due to flooding found many of the higher
losses were experienced in rural counties in Pennsylvania.*%?

Infrastructure at greatest risk of flooding are structures located in
flood zones, though structures not in flood zones (e.g., underground
pipelines) may be at significant risk as well. Significant portions of
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transportation and energy infrastructure in Pennsylvania may be
susceptible to direct flooding damage, especially in the
southwestern region where heavy precipitation events may bring
compounding flood and landslide risks. For example, transportation
infrastructure (e.g., bridges, roads, railways) may be vulnerable to
disruption from flooding, debris, or landslides. And extreme rainfall
represents one of the largest risks to pipelines—including many
underground—carrying various power products (e.g, natural gas,
crude oil, petroleum). However, recent severe storms (e.g., Hurricane
Ida and Hurricane Irene) and flooding events indicate that local
electricity infrastructure may be more susceptible to heavy rainfall
hazards than the regional bulk power grid.#53

Greater frequency and intensity of intense rainfall events will also
challenge urban stormwater and wastewater management systems,
which could lead to combined outflows detrimental to water quality.
Stormwater retrofits may be somewhat adapted to reduce or
withstand impacts to some extent, and nature-based solutions may
also increase adaptive capacity (this strategy is currently being
implemented in Philadelphia, for example).*®*

Issues such as storm sewer backup may lead to groundwater
flooding, which may cause infrastructure damages (e.g., related to
water infiltration into building basements) or spring overflow. Many
state and local actors are evaluating adaptation measures such as
increasing sewers’ capacity and developing projections to better
estimate future loading and overflow potential, to prevent sewage
release events, and manage higher flow amounts.#5® Pennsylvania’s
counties have some of the highest occurrences of combined sewage
overflows of any in the country.4%®

Additionally, a potential increase in area located within the 1% annual
chance (1-in-100 year) floodplain by end-of-century would put

significantly more infrastructure at risk to flood impacts. A
comparison of the number of state-owned or leased facilities
located in the current 1% annual chance floodplain to the number
located in the projected end-of-century floodplain in Delaware,
Allegheny, and Lycoming counties highlights this risk. The
comparison identified a nearly 500% increase in the number of
vulnerable structures, with replacement value of structures in the
future floodplain over $92 Billion.*5”

Notably, increased temperatures affect the Palmer soil index and
reduce the moisture absorption of the soil, which can in turn
increase the likelihood of flash flooding occurring.458

Various flood protection efforts are underway, described in detail in
the Pennsylvania State Hazard Mitigation Plan.
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Heat Waves Figure 47. Heat waves risk matrix
Heat Waves
. Highly Likely
Overview (q050)
i 9.3
Heat waves will increase from a medium to a high risk by Hkely
mid-century. Figure 47 illustrates the change in overall risk rating 3
from present-day to 2050 based on the likelihood and consequence £ Possile Present
x - -
ratings. 3 Risk Rating
atings - 4.7 [ Extreme
Heat waves are a discrete hazard. Currently, cities in Pennsylvania Unlikely High
experience roughly 5-6 excessive heat event days per year. The Medium
frequency of such days is projected to increase about tenfold by o . - - S - Low
. . Inor imite ritica atastropnic
mid-century, leading to over a month’s worth of extreme heat day Consequence

events. Across the state, on average the annual number of days
experiencing temperatures above 95°F is expected to increase by
4-21days by the mid-century and 12-59days by the
end-of-century. Similarly, the number of consecutive days
experiencing temperatures above 95°F is expected to increase by
2-6 days by the mid-century and 4-16 days by the end-of-century.
Additionally, across the state, the number of days above the baseline
time period’s 99t percentile temperature (90.1°F on average across
the state, though it varies by grid cell) is projected to range from
20-57 days by the mid-century and 40-103 days by the
end-of-century. The ranges provided above refer to the
10t-90™ percentile projections under SSP 5-8.5.

This will impact the entire state and all sectors, but will have the
highest consequences for human health, especially in urban areas.
Heat waves create the risk of heat illness and death. Table 19
summarizes the statewide likelihood and consequences of heat
waves in Pennsylvania.
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Table 19. Heat waves statewide risk summary

Timeframe or Category

Rating Notes

Confidence

Differential Impacts

Likelihood (details on pg. 118)

Current Currently, Pennsylvania experiences, on average, High No significant geographic differences in observed

about six days per year that are “extremely hot.” high temperature days.

Mid-century By mid-century, Pennsylvania is expected to High Southwestern PA will experience more days with

experience over 38 “extremely hot” days per year. high temperatures than other regions of the state.

Beyond 2050 Temperatures are expected to continue increasing

beyond 2050 without significant greenhouse gas
reductions. On a business-as-usual emission
trajectory  (SSP 5-8.5), Pennsylvania  could
experience over 75 “extremely hot” days annually.

Consequences (details on pg. 118)

Human health Increased heat-related mortality and morbidity. High The elderly, those with cardiovascular disease,
those with certain mental health illnesses, outdoor
workers, pregnant people, and populations with
limited access to air conditioning experience
higher risk to heat-related illness and death.

Environmental justice and EJ areas are projected to experience a Medium Lower-income populations have higher

equity

disproportionate increase in exposure to heat
stress compared to the state overall.

vulnerability to heat stress and less access to
adaptive measures such as natural infrastructure
(e.g. shade trees around a home), good insulation,
and air conditioning.

More broadly, vulnerable populations include
those with: outdoor jobs, housing with less
insulation/ access to natural infrastructure/ air
conditioning, decreased access to quality
healthcare, and populations living in densely
populated urban areas experiencing UHI effects.
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Timeframe or Category Rating Notes Confidence Differential Impacts
Economy: Agriculture 2 Decreased production (e.g., of milk). Medium
Animal illness/death.
Decreased crop yields.
Economy: Recreation and 1 Decreased time spent participating in outdoor Medium
tourism leisure.
Economy: Other 2 Increased demand for cooling. Medium
Heat-related damage to energy infrastructure.
Forests, ecosystems, and 1 Increased stress on species experiencing Low This applies particularly to species that are more
wildlife decreasing habitat suitability. suited to colder habitats.
Built Infrastructure 2 Increased energy demand and decreased energy Medium
capacity.
Stress on public water suppliers and utilities.
Exacerbate negative impacts of the UHI effect.
Overall Risk
Current 47 Medium risk High
2050s 9.3 High risk High

Potential Opportunities

Increase in utilization of silvopasture for livestock operations, which reduces heat stress among other benefits
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Likelihood

Additionally, there is high confidence®® that “heatwaves have
become more common and severe.”*®® While currently, the state
experiences about six days per year on average that are “extremely
hot” (the baseline 99% percentile temperature or approximately
90.1°F), that number will increase to over 38 days by mid-century,
with a potential range of about 20 to 57 days.

Risks of heat waves are higher in urban areas due to the UHI effect.
Given the high confidence of such projections and the high projected
occurrence of excessive heat event days, heat waves merited a
likelihood rating of four for the mid-century timeframe. The current
timeframe received a likelihood rating of two, since heat waves do
occur currently, but only happen about 5-6 days per year.

Consequences

Figure 48 summarizes the overall consequence ratings statewide for
heat waves—highest consequences are in human health and in
environmental justice and equity.

Human Health

Rating: 4

Heat wave events will cause heat-related mortality and morbidity.
Extreme heat is responsible for the most weather-related deaths in
the United States.*®' and climate change has been attributed to an
average of 37% of heat-related deaths across the globe.*6? In

Pennsylvania, the Center for Disease Control (CDC) reports that a
total of 97 people died from heat-related deaths between the years

of 2016-2020,%¢* but this is likely an undercount of deaths
attributable to heat.*¢4

By impeding the body’'s ability to thermoregulate, exposure to high
temperatures can cause conditions like heat exhaustion, dehydration,
heat rash, heat stroke, and heat cramps, which for more severe
conditions can lead to death if left untreated.*654¢¢ When heat is a
contributing cause of death (rather than the underlying cause), it is
most commonly for cardiovascular diseases like ischemic heart
disease and hypertension, alcohol poisoning, and drug overdoses.*¢”
Very high outdoor temperatures have also been shown to increase the
occurrence of three potentially life-threatening conditions for people
with type 2 diabetes.**® However, the risk of mortality from extreme
heat events has been decreasing, as more and more households are
installing air conditioning.

Figure 48. Heat wave consequences
Built Infrastructure

Forests, Ecosystems &
widiite |

Other Economic
Activity

Recreation & Tourism _
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Underlying health conditions, age, race, limited access to air
conditioning, outdoor employment (e.g., farm labor or logging), and
living in urban areas can all increase risk to heat-related health
conditions.#69470471 Specifically, young children and the elderly are at
heightened risk of morbidity or mortality.#? Individuals with
preexisting psychiatric illnesses and those who are socially isolated
are also at high risk during heat waves.*’3474 Heat can also contribute
to death for individuals suffering from certain mental health
conditions that change risk perception and understanding of
exposure to extreme heat.*’®

Pregnant people and their fetuses are at greater risk from extreme
heat as their capacity to thermoregulate is compromised.4’®
Exposure to extreme temperatures could affect multiple birth
outcomes including length of gestation, birth weight, stillbirth, and
neonatal stress.*’” Exposure to extreme heat that occurs in all stages
of pregnancy contributes to the risk of preterm birth, and in so doing
increases the risk of morbidity and mortality.4’847° Preterm birth is a
leading cause of morbidity and mortality in newborns.48°

For outdoor workers, the OSHA cautions that worker heat protection
measures should be taken if temperatures exceed 9TF, or if
temperatures come near that threshold and people are working
outside in direct sunlight and/or without wind to cool them down.*8!
There is evidence that extreme heat can lead to higher rates of
occupational injuries for both outdoor and indoor activities, even
those not directly related to heat such as falls, slips, and trips.82
Beyond work, walking and exercising outdoors will also become more
hazardous.*83

Direct and indirect mental health impacts from climate-related
events are not as well documented or studied as physical health
impacts. A recent literature review found mood disorders, feelings of
anger and frustration, and increased anxiety are all associated with
heat stress and discomfort. 484 Heat stress can also affect the ability
of children to learn and retain information and adults to be able to
work productively.*® Extreme heat is also associated with increased
rates of suicide and contributes to heightened aggression, hostility,
and violence.*®® Violent crimes are expected to increase as a result
of extreme heat events.*®’

Human health impacts may be exacerbated in areas where EJ
populations experiencing heat-related impacts have less ability to
adapt (e.g., low-income individuals who cannot afford to purchase
air conditioning or take time off work on high heat days).
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Figure 49. Pennsylvania Counties Experiencing High Temperature and Moderate to Unhealthy Air Quality Days

Number of High Heat and Moderate - Unhealthy Air Quality Days by Pennsylvania County

160
140
120

100
80
60
40
20

0

sAeq

PUB|2JOWISIAN
uojlsulysenn
13sJ2WoOoS
EIEEY]S]
2119AE4

el quie)
laneag
Auayss| |y
elydiape|iyd
Alawosiuon
2aeme|2q
121524D
syoang

AI0A

UIIN
uoueqa
J1a31seauen
uops8ununy
uipjuead
uiydneq
puepsqun)
J1e|d

syJdag
pioip=49
swepy
uaJdidean
FERIETNN|
uea3PAl
uosJayar
euelpu]
152404

213

A3
pJojmesd
uoe|n
43)3ng
Suouiswy
2oUdIMET
o3ueuan
SUuIWOoANA
auAepn
euueyanbsng
HBlIANY2s
uoldweylion
S04UO0|A]
2U42ZN7
ysiyan
BUUBME)DET]
uoqJed
uolun

e3oil]
uenl|ns
12pAusg
121104
puE3quNYlJIoN
SulwooAT
uoluld
PleIE3D
EJNIES)
uociawe)
plojpelg

Southwest

Southeast

Southcentral

Northeast Northwest

Northcentral

Counties

B Moderate or Unhealthy Air Quality

B MaximumTemperatures >89

120

Appendix B: Risk Assessment Details



Table 20. Heat and low air quality days by county

% High % Poor
Combined Maximum Moderate Temp Air
High Heat Temperatures or with Poor Quality
and Air at or above Unhealthy  Air with High
Quality Days 90°F Air Quality  Quality Temp
Adams 6 25 58 24% 10%
Allegheny 9 25 87 36% 10%
Armstrong 7 20 79 35% 9%
Beaver 5 14 78 36% 6%
Bedford NA 37 NA
Berks 4 45 44 9% 9%
Blair 5 13 42 38% 12%
Bradford 1 9 22 1% 5%
Bucks 4 48 18 8% 22%
Butler NA 5 NA
Cambria 5 7 84 71% 6%
Cameron NA 18 NA
Carbon NA 8 NA
Centre 3 15 39 20% 8%
Chester NA 33 4
Clarion NA 28 NA
Clearfield 1 6 3 17% 33%
Clinton NA 28 NA
Crawford NA 6 NA
Cumberland 7 46 40 15% 18%
Dauphin 1 40 68 28% 16%
Delaware 18 48 69 38% 26%
Elk NA 3 10
Erie 2 7 25 29% 8%
Fayette 5 19 39 26% 13%
Forest NA n NA
Franklin NA 22 10
Greene 3 n 28 27% 1%
Huntingdon NA 10 NA
Indiana 1 6 31 17% 3%

% High % Poor

Combined Maximum Moderate Temp Air
High Heat Temperatures or with Poor Quality
and Air at or above Unhealthy  Air with High
Quality Days 90°F Air Quality  Quality Temp

Jefferson NA 4 NA

Lackawanna NA NA 31

Lancaster 36 51 136 % 26%

Lawrence NA NA 14

Lebanon 3 14 45 21% 7%

Lehigh 7 31 40 23% 18%

Luzerne NA 20 4

Lycoming 3 29 32 10% 9%

McKean NA 4 NA

Mercer NA NA 29

Mifflin NA 23 NA

Monroe NA 18 10

Montgomery 4 41 50 10% 8%

Northampton NA NA 13

Northumberland NA 28 NA

Philadelphia 8 66 66 12% 12%

Potter NA 10 NA

Schuylkill NA 3 NA

Snyder NA 30 NA

Somerset NA 4 9

Sullivan NA 3 NA

Susquehanna NA NA n

Tioga 1 10 20 10% 5%

Union NA 14 NA

Venango NA 8 NA

Warren NA 5 NA

Washington 2 7 42 29% 5%

Wayne NA 10 NA

Westmoreland 9 29 34 31% 26%

Wyoming NA NA 12

York 15 42 68 36% 22%
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Environmental Justice and Equity

Rating: 3

As shown in Figure 43, the number of hot days across the state is
projected to increase, and populations in EJ areas are projected to
disproportionately experience the most days with hot temperatures.
For example, EJ locations are 1.9 times more likely to be in the top
one-fifth of census blocks with days above 90°F compared to
non-EJ census blocks. This aligns with studies showing that minority
populations and those living below the poverty line are
disproportionately exposed to UHI intensity in 169 of the largest U.S.
cities, including Philadelphia and Pittsburgh.48

Consequences of historical practices of redlining, building
substandard housing in BIPOC communities, and intentionally
disinvesting in BIPOC communities manifest today as inequities
where BIPOC communities are disproportionately in older or
substandard housing that is particularly susceptible to deterioration
by heat waves. Studies in many different parts of the United States
show that EJ areas are likely to experience more frequent and
prolonged blackouts, making communities living or working in EJ areas
more vulnerable to heat-related health impacts.®894%° Adverse
conditions include less tree cover, and darker, more flat roofs
compared to other neighborhoods.**'

The elderly, those with cardiovascular disease, and populations with
limited access to air conditioning experience higher risk to
heat-related illness and death. Other at-risk populations include
children playing outside, seniors living alone, construction workers,
and athletes.*®2 Climate change may further widen total
compensation inequality because heat-related workplace safety
risks are distributed to more impact lower-income occupations.*%3

From 2008 to 2017, extreme heat played a larger role in mortality,
and this effect was more pronounced for older adults, men, and
non-Hispanic Black individuals.*®* Simultaneously, Black and African
American people are 40% more likely than others to live in areas that
have the highest projected increases in extreme temperature related
mortality.*® Low-income and Hispanic or Latinx populations also live
in areas that will experience strongest increases in temperature.*%®
Without mitigation, the projected increase in extreme heat may
widen health disparities.

Access to air conditioning is a key adaptation strategy for
decreasing excess heat deaths and illness. Indeed, the rate of
heat-related mortality has decreased over the 20% century and
largely after 1960, due to air conditioning becoming more available
and prevalent. It is therefore important that low-income residents
who cannot afford air conditioning have access to publicly available
cooling shelters or other assistance installing or accessing air
conditioning. A survey of Philadelphia residents found the majority
of respondents were not aware of or have limited access to City
cooling centers. Although 84% of respondents have air conditioning,
77% indicated a need for better air conditioning and fans at home to
stay cool.4%’

Historically, some of the hardest-hit counties with respect to
extreme weather events such as extreme heat are also among the
poorest counties in the state. The Philadelphia Heat Vulnerability
Index, which combines heat data with information on population,
age, income, language, educational attainment, race and ethnicity,
social isolation, and health, shows that BIPOC residents and
low-income residents are more likely to live in the hottest
neighborhoods (up to 22°F hotter), making climate change heat risk
both a public health issue and “an issue of racial and social equity.”4%8
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The expected causes of hotter temperatures in these
neighborhoods are limited green space and tree canopy, more
exposed dark surfaces (e.g., asphalt), and aging housing stock due to
a history of redlining and disinvestment.

Economy

Agriculture

Rating: 2

As described in the section on increasing average temperatures
above, livestock are likely to suffer from heat stress as temperatures
rise over the coming decades. This will be exacerbated during
extreme heat events, and farmers will have to spend more on energy

for cooling or other adaptive measures to reduce livestock stress
and mortality.

Increased temperatures may encourage a shift to using silvopasture
for livestock operations, which integrates trees, foraging, and grazing
on the same plot of land. This practice reduces heat stress, increases
forage, and reduces feed cost, increases carbon sequestration,
captures more runoff/nutrients, and provides alternate income
source via nuts or fruits.**°

Crops can also experience heat stress from a heat wave, which may
decrease yields. Depending on the timing of the heat wave,
significant life stages or milestones can be disrupted. More irrigation
may be necessary during a heat wave to minimize impacts to
CrOpS.SOO’Sm

Extreme heat also threatens worker safety and health as described
under the human health section (see pg. 118) and in section 4.2. Time
spent working outdoors generally declines above 85°F for agriculture

workers. In a study of U.S. agricultural workers, climate change at its
current pace is projected to double crop worker heat risk by
mid-century and triple by the end of the century, absent extensive
restructuring of agricultural labor.5°?

Recreation and Tourism

Rating: 1

The amount of time spent participating in outdoor leisure drops
when daytime high temperatures exceed 100°F. Such hot days are
expected to increase in frequency in Pennsylvania due to climate

change. By mid-century, the number of days exceeding 100°F is
expected to increase by 1-12 days.

Extreme heat could add additional pressure to natural and
man-made water features (e.g., lakes, rivers, city pools) used for
recreation and an escape from the heat. Additional water features
may be necessary in urban areas to meet demand for cooling
spaces.5%3

Other Economic Activity

Rating: 2

Productivity of sectors that depend on workers who engage in
physical outdoor activity may decrease, given that work capacity
decreases by 25% at 90°F and by 70% at 110°F.5%* Pennsylvania is

expected to see a 0.5-2% loss from worker productivity decreases
due to heat stress by 2050.5%®
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Example of economic impacts: heat waves

While the economic impacts of heat waves are hard to monetize, significant
impacts are expected.

Vulnerable Populations

Nationally, heat is the leading cause of weather-related deaths over the last
30 years. In Pennsylvania, statistics show that between 2008 and 2018 PA has
recorded at least two deaths per year except in 2014 and 2017. The high point
occurred in 2011 with 36 heat-related deaths.5%®

More than 310,000 people in PA are especially vulnerable to extreme heat
(over 65, under five, or living below the poverty line).5°’

Increasing temperatures later in the year require air conditioning units to be
installed in schools. The necessary upgrades are estimated to cost the state
$1.23 billion. Similarly, expanding and operating cooling centers will cost
$78.8 million.5°8

Agricultural Impacts

With rising heat come longer growing seasons, but potentially lower yields.
Research suggests negative correlation between maximum daily temperature
and corn yield—heat waves could negatively impact corn, and other crop,
losses.5%°

Apples, sweet corn, grapes, and dairy production could all see negative impacts,
as extreme heat impacts growth and production.5™

One study suggests that above a critical temperature threshold of 77 degrees
Fahrenheit, dairy milk production may drop by up to 22%. This type of decline
could inflict as much as $480 million in direct and indirect economic costs.®"
Infrastructure Investments

Adapting road and urban infrastructure is expected to cost around $3 billion.®?

Forest, Ecosystems, and Wildlife

Rating: 1

Increasing average temperatures represent a greater risk to forests,
ecosystems, and wildlife than intermittent heat waves, as the
former carries the potential to change the amount and location of
suitable habitat. However, extreme heat can lead to heat stress and
death, particularly among species that are at the southern end of
their range in Pennsylvania (i.e., are more suited to colder, northern
habitats).

Built Infrastructure

Rating: 2

Extreme heat can stress infrastructure, including pavement,
electrical and mechanical equipment, and energy infrastructure
(generation, transmission, and distribution). This stress can lead to
increased deterioration rates and maintenance costs and, in severe
cases, infrastructure failures.

In the energy sector, increased temperatures simultaneously
increase demand for cooling and require power grid operators to
reduce operable capacity on electric generation facilities and
electric transmission lines to avoid heat-related damage. Electrical
and electronic equipment in unconditioned or outdoor spaces have
shorter service lives and are subject to greater chance of thermal
overload or reduced efficiency.®™® Power outages are possible if the
system is overloaded.

Transportation infrastructure is also at risk and can lead to costly
disruptions when affected. For example, roadways will become more
pliable, experience greater wear and tear, and be more susceptible
to buckling under extreme heat conditions.’* Excessive heat can
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also cause metal train tracks to expand and cause overhead wires
that power the trains to sag and potentially get tangled. To reduce
these risks of power issues and potential track damages, Southeast
Pennsylvania Transportation Authority (SEPTA) limits train and
trolley speeds between five and 10 miles per hour when
temperatures hit above 90°F.5"

Areas with a higher concentration of built infrastructure and hard
surfaces (i.e, urban areas) experience higher surface and air
temperatures than their rural counterparts—this is known as the UHI.
This can exacerbate the negative impacts of heat waves and

increase the stress on the occupants and infrastructure of cities. The
“tropicalization” of the climate (i.e, increased heat and moisture) will
decrease the service life of building and roofing materials, increase
demand for cooling, and increase maintenance costs for built
infrastructure.5®

Public water suppliers and utilities could also face increased stress
from increased water usage, water intake levels, and salinity
concerns near the southeastern and northwestern portions of
the state.®”
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Landslides

Overview

Landslides can occur across Pennsylvania. As shown in Figure 50,
they occur most often in the southwestern region, though other
regions may have significant landslide hazards as well—and this
region may expand.®® As landslides become more common around
the state, areas in Pennsylvania with a history of coal extraction have
a higher likelihood of landslides.*™

Figure 50. Physiographic information and landslide susceptibility in
Pennsylvania
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Higher average and extreme precipitation may increase soil water
saturation, which can destabilize soil and increase the risk of landslide
occurrence.’?° Seasonal distribution of precipitation is also important;
extreme events can trigger landslides at any time of year, while
precipitation accumulated over time poses less of an issue if
vegetation is incrementally taking up soil moisture to grow.5?

Temperature is also relevant to landslide risk. For example,
one component of the extreme landslide occurrences in 2018 was
warm weather. In early 2018, the ground never froze in the Pittsburgh
area, leading to more infiltration, and further, most precipitation fell
as rain (not snow), and the snow that fell melted rapidly. Historically,
most precipitation in February has normally fallen as snow, which
melts slowly or sublimates; nearly continuous rain in February 2018
overwhelmed soil moisture capacity, causing slope failures.

With climate change, average annual cumulative precipitation is
projected to slightly increase, and precipitation variability is
projected to increase as well, which may lead to greater frequency
and intensity of heavy rainfall events. Average temperatures are also
projected to warm due to climate change, which may increase the
amount of precipitation that falls as rain. Depending on non-climate
variables (e.g., current landslide risk, land use), risks of landslides may
increase at some locations corresponding to these precipitation and
temperature trends.

The greatest consequences of concern for landslides are damages
to built infrastructure and associated economic impacts, as well as
human health and safety impacts. Infrastructure damages are often
severe after landslides, with varying consequences. The amount of
resources (e.g., time, money) needed to repair these damages can
also vary greatly.
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Historically, landslides have tended to have greatest impacts when
they disrupt transportation or energy infrastructure; the degree of
downstream impacts (e.g, on the agricultural sector, or human
health, if a highway is damaged) varies depending on factors such as
the type of damage, the criticality of the asset/infrastructure, and
the location of the landslide. For example, a landslide that damages
a rural section of highway while cars are traveling on it could cause
injuries or fatalities, while a landslide that breaks an electric
transmission line could impact electricity end-users (e.g., homes,
buildings like hospitals, farms with irrigation systems that run on
electricity). Figure 51 plots the overall current and mid-century risk
ratings for landslides. While landslide likelihood may increase with
greater precipitation variability, not enough evidence exists to
change the current likelihood (and therefore risk) rating.

Table 21 summarizes the statewide likelihood and consequences of
landslides in Pennsylvania.

Figure 51
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Table 21. Landslide statewide risk summary

Rating or
Risk Score

Timeframe or Category

Confidence

Differential Impacts

Likelihood (details on pg. 129)

Current 3 The PA HMP identifies landslides of any High In general, southwestern locations and populations
magnitude as  “highly likely”  (over are more exposed; there are also other localized
90% probability) to occur any given year. areas with high vulnerability.

More severe landslides like those analyzed in
this scenario would be less likely.

Mid-century 3 Landslide probability may increase with Medium Same as current.
greater precipitation variability, though not
enough evidence exists to change current
likelihood rating.

Beyond 2050 These trends are expected continue as Same as current.
precipitation variability increases beyond
2050.

Consequences (details on pg. 130)

Human health 1 Limited direct health impacts are expected, Medium Health risks may be particularly significant for
with some potential for indirect health low-income individuals with homes in high-risk
impacts (e.g, due to infrastructure areas or reliant on infrastructure (e.g., public transit)
disruption). in high-risk areas to access jobs and income.

Environmental justice and equity 2 EJ areas 1.17x as exposed to high landslide risk Medium Rural townships with low tax base and many miles
compared to the state overall. of roads, which may be severely affected by

landslides in some areas and may not be captured
in the EJ areas.

Economy: Agriculture 1 Localized impacts unless critical High Severe economic disruptions may
infrastructure is severely damaged. disproportionately impact low-income populations.

Additionally, rural townships may be particularly
impacted, and not captured by the EJ areas
analysis.

Economy: Recreation and 1 Few consequences expected. Medium See Economy: Agriculture.

tourism
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Rating or

Risk Score Confidence Differential Impacts

Timeframe or Category

Localized impacts unless critical High
infrastructure is severely damaged.

Economy: Other 2 See Economy: Agriculture.

Forests, ecosystems, and wildlife 1 Few consequences expected. Medium N/A

Built Infrastructure 4 Direct damages to energy or transportation High See Economy: Agriculture.
infrastructure with downstream impacts that
are relatively localized, but significant.

Overall Risk

Current 5.6 Medium risk High

2050s 5.6 Medium risk High

Potential Opportunities

None identified.

Likelihood

Landslides of any magnitude are currently highly likely (>90% annual
probability) to occur in Pennsylvania, and with less than six hours of
warning time, but are anticipated to have minor impacts, negligible
spatial extent, and short duration.5?> However, this assessment
focuses on potential occurrences and impacts of more severe
landslides, which are relatively less likely to occur. For example, while
the Hazard Mitigation Plan analysis is based on any landslide
occurring (e.g, even those with minimal impacts to built
infrastructure and no human impacts), this assessment is focused
on the subset of more extreme but lower probability events (e.g., a
landslide causing significant damages to infrastructure, with
potentially significant downstream economic or natural systems
impacts, or human injuries or fatalities).

Literature on climate change and landslide risk®23 finds that greater
frequency and intensity of heavy rainfall events, which are known to
trigger landslide events, may lead to greater landslide risk in
Pennsylvania. However, causes of landslides are multivariate and
complex, and there is significant uncertainty around how and to what
degree landslide risk may change due to climate change.

As shown in Figure 50, approximately 48% of land in Pennsylvania
currently has high rates of landslide incidence or susceptibility, with
risk primarily concentrated in the southwestern region. Historical
occurrences of landslides in Pennsylvania depict a similar risk region
(Figure 52),52* though slides have occurred in eastern PA.

Though the likelihood of landslides occurring may increase by 2050,
due to projected increased frequency and intensity of precipitation,
the likelihood of a landslide occurring at any given
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Figure 52. Historical incidence of landslides with major consequences (e.g, damming a large river or damaging
an interstate highway) if unknown thresholds are reached.5?

For the most part, human injuries and fatalities have been limited,
though they can occur if people are in the debris flow zone when a

. 6y slide occurs. The greater impact is damage to infrastructure (e.g,
.s o highways, buildings, utility facilities).
. Figure 53 summarizes the overall consequence ratings statewide for
. g L landslides— highest consequences are in environmental justice and
RO te : equity, other economic activity, and built infrastructure.
~- g . . o
. ..J. "o * .
. .\‘- i D0 \ Figure 53. Landslide consequences
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Historically observed landslides have been concentrated primarily in

Southwestern Pennsylvania; susceptibility in other regions is limited,

and areas with high susceptibility are relatively smaller. Locations of

past landslide occurrence of landslides are often indicative of future

high-risk areas.®?5526 Additionally, there are several large landslides

that have not been active in recent history but could become active,
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Human Health

Rating: 1

Direct human health impacts from historical landslides have been
limited, with nearly all of the few injuries and fatalities recorded
occurring due to vehicle impacts from landslides along highways.
Notably, greater human impacts on land (e.g., cutting into rock to
build highways) tend to cause more landslides and cause more
humans to be impacted than by naturally occurring events.>?8

Landslides can indirectly affect health if they disrupt infrastructure
critical to supplying commodities and services that people rely on
(e.g, energy infrastructure, electricity lines, transportation
infrastructure needed to deliver medicine or roads critical to fast
ambulance travel,52° or water or wastewater systems and treatment
facilities), accessing places of employment (e.g, road or rail
infrastructure), or otherwise allowing economic function and
revenue generation. 53093 |ndividuals may also lose their homes to
landslides, with significant financial and health and safety
consequences. Further, rare events such as a pipeline rupture due to
landslide can have major consequences, as indicated by
several past events with liquid and gas fuels: one polluted drinking
water in the Allegheny River for multiple days, and the other caused
an explosion and loss of a house.®3? Finally, landslides have the
potential to negatively impact drinking water quality if sediment is
introduced into water bodies.®*3

Environmental Justice and Equity

Rating: 2
As shown in Figure 54, spatial analysis of regions with high landslide

incidence rates and susceptibility finds that EJ areas do not
demonstrate spatial correlation with areas of landslide potential.

However, communities in EJ areas may nonetheless experience
disproportionate impacts of landslides when they occur. For
example:534

m Lack of homeowners’ insurance coverage for landslide damage
and low values of homes in EJ areas can increase landslide
impacts in these areas.

m Total loss of home is common when repair cost estimates almost
always exceed value of home.

m Low tax base in low-income areas challenges government
response for roadway and other infrastructure repair.

m Poor maintenance of drains and roadways can contribute to
increasing hazard through ineffective water management.

Other factors that may increase individuals’ vulnerability to impacts
from landslides may include location and infrastructure needed to
access employment. For example, in urban areas, large populations
dependent on public transportation could be impacted if it is
damaged (though it might be repaired faster with public pressure),
while in more rural areas, smaller populations might be more severely
impacted by loss of critical roads if there are fewer travel routes to
begin with.
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Downstream economic impacts

Figure 54. Areas of landslide potential with EJ block groups

PA Department of Agriculture staff noted that, depending on the

Landslide data source: USGS—- Version 2 of the National Landslide Inventory location, size and frequency of landslide occurrences, food supply

(NLSIv2)

chain disruptions could be significant.

damage to crops, livestock, or materials (e.g, stored feed,
equipment).53%

Additionally, many agricultural services rely on commodities being
delivered, and delivery could be disrupted if transportation
infrastructure is damaged by landslides. For example, damage to
local transportation infrastructure could prevent trucks carrying milk
and feed from getting to or from a farm.536

Recreation and Tourism

Rating: 1
Possible landslide in g Likely landslide at or 77 EJ Block Groups Minimal research is available on landslide impacts to recreation and
the area near this location State Block Groups . o . ) )
. : tourism. However, it is possible that landslides could temporarily
Probable landslide in @ Confident .
the area consequential landslide affect recreation and tourism—if, for example, landslide damages to

at this location . . . .
transportation infrastructure hindered access to recreation

destinations.

Economy

Other Economic Activity
Agriculture

Rating: 2
Rating: 1

Given the geography of Pennsylvania, with both the Appalachian and
Allegheny Mountain ranges, landslides cause significant annual
impacts and damages to both infrastructure and personal property.
The total cost of protecting against landslides is projected to reach
$935 million.?®” Much of Pennsylvania is susceptible to landslides,
with  4.49 million people, 6,021critical facilities, and nearly

Disruptions to commerce and supply chains or physical damage to
agricultural land due to landslides could impact the agricultural
industry. A landslide occurring on agricultural land would have the
most intense and direct impacts, including displacement of or
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$950 billion in exposed building infrastructure.5%® “Backyard”
landslides (landslides on private property), common in western PA
are usually repaired incompletely or not at all, costing upwards of
several thousand dollars to stabilize and repair a landslide affecting
two or three properties. With repair costs exceeding the value of
most properties in this area, abandonment is a frequent solution.53°

Economic sectors reliant on infrastructure (e.g., the energy sector),
particularly in Southwest Pennsylvania, may be impacted by
infrastructure damages from landslide occurrences. This risk may

Example economic impacts of landslides

Given the geography of Pennsylvania, with both the Appalachian and
Allegheny Mountain ranges, landslides cause significant annual
impacts and damages to both infrastructure and personal property.

Transportation and Natural Gas Infrastructure

Large portions of the Pennsylvania roadway network run through
mountainous terrain and are continually at risk. In three counties alone
(Beaver, Allegheny, and Lawrence), Pennsylvania Department of
Transportation (PennDOT) crews fix roughly 15 sites of varying size
per year, but during that same period, 30-40 new slides occur.
Beyond cost, repair crews often cannot keep up with the pace of
slides.540

Many of Pennsylvania’s natural gas pipelines also stretch across areas
susceptible to landslides. Since between early 2018 and mid-2019, at
least six pipeline explosions occurred because of landslides in
Appalachia.®¥

Historic Damages

In a typical year, PennDOT budgets about $30 million for flooding and
landslide damage. In 2018 alone, PennDOT spent about $127 million
fixing damage from flooding and landslides.?*2

increase in the future, as heavy precipitation events, which are
projected to become more frequent and intense, are associated
with increased landslide potential 543544

Large portions of the Pennsylvania roadway network run through
mountainous terrain and are continually at risk. The economic
effects of major delays in transportation and commuting time for
large areas could be significant. For example, business could be cut
off from historic customer traffic, and school buses, commuters, and
delivery times could be affected by road closures. Short-term delays
frequently occur due to landslides along major routes, but they are
normally managed within a day or two; long-term road or lane
closures could cause delays and loss of access for years.54®

Forest, Ecosystems, and Wildlife
Rating: 1

Landslides have minimal impacts on forests, ecosystems, and
wildlife.

Landslides may impact land topography, including forest cover and
river, stream, and groundwater flow, as well as physical habitats and
the ecosystems and wildlife they support. For example, movement
of sediment into a river could reduce water quality and impact fish
habitat, or a large land movement could strip vegetation (e.g., from a
forested hillside).546

Landslide impacts on surface water ecosystems are largely unknown,
but in most cases likely short-lived. For example, a landslide could
increase sediment in a stream, potentially temporarily damming the
stream. Ecosystems impacts could also be a downstream
consequence of larger infrastructure failures (e.g, if a pipeline or
storage tank were damaged, and contents spilled out).>¥’
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Built Infrastructure

Rating: 4

Though records of damage costs are limited, those that exist are
significant. In Allegheny County, for example—one of the
eight southwestern counties identified as most at-risk—the costs to
remediate landslides continues to increase. PennDOT data indicates
landslide damage repairs in Allegheny cost between 2016 and 2019,
the costs exceeded $45 million in total. During this same time
period, based on National Oceanic and Atmospheric Administration
data, Pennsylvania experienced the rainiest two-year, three-year and
four-year periods on record. Studies have predicted that greater
frequency and intensity of heavy precipitation events may increase
landslide potential.?*® High impacts have occurred more recently as
well: the Pittsburgh area saw “record” landslides and associated
costs in 2018, and the mayor noted the City was “already five times
over budget for landslide remediation by mid-April” of that year, with
damages to homes, roads, and vehicles.54°

If landslides impact major highways where federal or state funds
become available, repairs can be fast, so that damages are relatively
localized and temporary. However, impacts to other roads and
homes may be long-lasting, if difficult to enumerate. For most state
or local roads, repairs are often deferred for multiple years, or
sometimes permanently, due to budget constraints. PennDOT
District 11, for example, has a large backlog of landslide repairs. And
there are hundreds of locations in Allegheny County where roadway
repairs are waiting on funding or have been abandoned because
they are not expected to ever be funded. If a municipality loses
access to a road that is a link in emergency transportation routes or
a significant commuter route, many peoples’ daily lives and certain
individuals’ health may be impacted.5%°

Energy and transportation systems infrastructure (e.g., natural gas
pipeline, or highway), particularly in Southwestern Pennsylvania,
may be particularly vulnerable to disruption from landslide events.
Landslides have been known to cover rail track and shut down train
traffic for two days.*®" Due to infrastructure interdependencies,
landslides that cause service disruptions or transportation and
shipping impacts could indirectly have many downstream impacts.
For example, damage to the transportation system could impact
fuel deliveries, which could lead to service interruptions (e.g.,
electrical blackouts), and these could in turn impact power supply
to other industries (e.g., loss of power for water pumps could lead
to stormwater outflow or interruptions at wastewater treatment
plants).552

Landslide risk maps developed for the 2020 Impacts Assessment
show natural gas (Figure 55), railway (Figure 56) and electrical
(Figure 57) infrastructure located in landslide hazard zones. Of the
infrastructure studied, nearly 50% of miles of electric transmission
lines and natural gas pipelines, 41% of electric substations, and
55% of railroad miles are in landslide hazard zones.?%3
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Figure 55. Natural gas pipelines in landslide hazard areas
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Figure 56. Railroads in landslide hazard areas
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urple lines). Source: DEP, 2020 Climate Impacts Assessment.

Figure 57. Electrical infrastructure in landslide areas
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2020 Climate Impacts Assessment
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Sea Level Rise

Overview

Sea level rise (SLR) is expected to increase risks to freshwater tidal
wetlands and fauna and exacerbate flooding. SLR has the potential to
add to the existing stresses on southeastern Pennsylvania’s
freshwater tidal ecosystems. Additionally, SLR is projected to increase
water levels and the salinity of inland rivers, including the Delaware
and Schuylkill rivers that run through Philadelphia.>®* As a result, storm
surges will cause increased flooding in Philadelphia and the
surrounding region, and could permanently inundate some low-lying
areas.®®® Moreover, increased salinity in rivers will mean that water
used by municipalities and industries in and near Philadelphia will be
too salty for many present-day applications and threatening drinking
water supplies.>®® In Pennsylvania more broadly, SLR mainly threatens
built infrastructure as well as forest, ecosystems, and wildlife along the
state’s coastline and tidally-influenced rivers. However, SLR will have
relatively minor consequences in Pennsylvania overall and will be a low
risk for the state. Figure 58 illustrates the overall risk rating in
present-day and 2050 based on the likelihood and consequence
ratings.

Table 22 summarizes the statewide likelihood and consequences of
SLR in Pennsylvania

Figure 58. Sea level rise risk matrix
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Table 22. Sea level rise statewide risk summary

Timeframe or Sector

Rating or Risk
Score

Confidence

Differential Impacts

Likelihood (details on pg. 139)

Current 1 SLR is increasing but has not neared the High The Delaware Estuary is currently experiencing
critical threshold of two feet of SLR, which the most significant impacts of SLR.
is the critical threshold given this is a likely
and significant increase.

Mid-century 3 SLR will increase and is likely to approach High The broader region of the Delaware River Valley
1.5 feet by mid-century. is projected to be at risk. The Delaware Estuary

will also continue to face severe impacts.

Beyond 2050 NOAA projects SLR of 1.8 to 6.5 feet by the High Same as mid-century.
end of the century.

Consequences (details on pg. 139)

Human health 1 Possible saltwater intrusion in water wells, High Communities that receive water from rivers in
thought impacts on drinking water safety the Delaware Estuary may experience reduced
are not expected. water quality.

Environmental justice and equity 1 Not projected to experience Medium People living in lower-elevation areas are more
disproportionate exposure to SLR-driven likely to experience impacts from SLR.
flooding.

Economy: Agriculture 1 Not expected to be severely affected. High NA

Economy: Recreation and 1 Not expected to be severely affected. High Philadelphia International Airport could be

tourism flooded during storms.

Economy: Other 2 Millions of dollars in repairs and High Industries receiving water from rivers in the

improvements costs from damage to
water infrastructure.

Delaware Estuary will have to cope with saltier
water.
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Rating or Risk

Timeframe or Sector Score Confidence  Differential Impacts

Forests, ecosystems, and wildlife 2 Possible inundation of wetlands. High The location of the state’s small coastline
Tidal freshwater flora and fauna makes southeastern Pennsylvania near the
threatened by rising water levels and Delaware Estuary vulnerable to SLR.

increased water salinity.

Built Infrastructure 4 Inundated or increased flooding of High Southeastern Pennsylvania, particularly
infrastructure and river-adjacent areas, Philadelphia, will see greater flooding, as river
particularly wastewater treatment plants. levels rise.

Overall Risk

Current 1.9 Low risk High

2050s 5.6 Medium risk High

Potential Opportunities

Opportunities for the development of improved water treatment. Higher water levels might also open greater shipping opportunities.
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Likelihood

Over the next 30 years, there is very high confidence that coastal
sea levels along the contiguous US Coasts are expected to rise about
Tinches. SLR is expected to increase faster along the Mid-Atlantic
and Northeast coasts than globally as described in the coastal
change section.®®” The range of change varies depending on the
trajectory of greenhouse gas emissions. SLR is expected to reach
1-1.7 feet by mid-century and 1.8-6.5 feet by end-of-century.5®® This
range represents intermediate low to intermediate-high SLR
scenarios. Even in the low SLR scenario, water levels will increase by
one foot by 2050 and 1.8 feet by the end of the century. In a
high-emissions scenario, sea levels in the Philadelphia area could
rise by 1.6 feet by 2050 and 6.5 feet by 2100.

Consequences

Figure 59 summarizes the overall consequence ratings statewide for
SLR —highest consequences are in the other economic activity
category and the forests, ecosystems, and wildlife category.

Human Health

Rating: 1

SLR will have a minimal impact on human health. However, SLR has
the potential to reduce water quality which could be a threat to
long-term public health if not addressed. Given a two to eight-foot
rise in sea level, the salt front would move 10 to 25 miles further
upriver in years with high drought.®®® Philadelphia and other
municipalities in the region would face impacts to their drinking
water supply with only a 2.4-foot rise in sea level, which is possible

Figure 59. Sea level rise consequences
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by mid-century and likely by the end of the century.®®© Additionally,
water wells may experience increase salinity if they are near areas
where groundwater sources are facing salt water intrusion. Lower
water quality could increase health issues if greater investments in
water treatment are not made. Additionally, with SLR, coastal storm
surges might be greater during cyclone events. Subsequently, health
risks outlined in Section 4.1 could be exacerbated by SLR.
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Environmental Justice and Equity

Rating: 1

Spatial analysis (see Figure 60) indicates coastal EJ areas are not
projected to be disproportionately exposed to five feet of
SLR-driven flooding. This analysis shows the percent of census
blocks inundated from zero and fivefeet of SLR; black
cross-hatching indicates EJ areas. About 20% of coastal EJ census
blocks are projected to experience flooding under two feet SLR. This
flooding statistic does not differ significantly from the 21% of total

area of all coastal communities that is projected to experience
flooding under two feet SLR. Additionally, the total number of people
projected to experience inundation under the two feet SLR scenario
is relatively lower than that exposed to other climate hazards, given
the smaller size of coastal populations in Pennsylvania.

Area-based findings on coastal flood exposure offer limited nuance
regarding population-level flood risk. For example, this analysis does
not reflect the distribution of residences within a block group (e.g.,
proximity to the coast or flooded areas, density of homes in an area).

Figure 60. Percent of land mass inundated with O feet (left) and 5 feet (right) of water increase. EJ census block groups are shown with black

cross-hatching
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As such, findings from this analysis may not fully capture
on-the-ground disparities in flood risk.

Indeed, certain populations may be disproportionately vulnerable to
or impacted by this hazard. For example, as described under the
Heavy Precipitation and Inland Flooding section (see pg. 103), many
flooding inequities prevalent in urban areas often place low-income
people and BIPOC communities at higher risk.®®' Those who live in
economically distressed communities or in substandard housing
may have a greater sensitivity to SLR driven from flooding events.
Affordable housing units have been found to face much higher risk
from SLR than standard housing in Pennsylvania.®®? They may
experience greater impacts from SLR related flooding and be less
able to recover as a result of limited access to resources.

Economy

Agriculture
Rating: 1

SLR does not appear to threaten Pennsylvania agriculture. As a
result, it will have minor impacts on the sector.

Recreation and Tourism

Rating: 1

This hazard will have minor impacts on the sector. The overall impact
of SLR will be minimal on recreation and tourism. However, SLR will
increase key tourism infrastructure’s vulnerability to flooding. The
Federal Aviation Administration has designated the Philadelphia
International Airport as in danger: with only two feet of SLR, the
airport would be exposed to flooding.*®® The electricity system of the
airport is particularly at risk as critical utilities are often

underground.®®4 During a Category 1 storm or a 100-year flood, 10 to
11 terminals and hangers (out of 12) and five to 18 terminals (out
of 20) would be inundated with two feet of SLR. Repairs from storm
damage with two feet of SLR could be significant. However, overall
SLR is not expected to have significant consequences for recreation
and tourism in Pennsylvania.

Other Economic Activity

Rating: 2

Overall, consequences will be limited in this category. However,
changes in the salinity of the freshwaters in rivers surrounding the
Delaware Estuary will have significant impacts on the municipalities
and industries that rely on those waters. For example, cities and
companies that rely on the Schuylkill River near Philadelphia will be
forced to adapt as the river's waters become too salty for many
applications.®®® Brackish waters would be especially present during
dry periods.®®® The use of brackish water threatens to damage
equipment, raise water treatment costs, and force a shift in water
supplies.®®’ Replacing damaged equipment and water treatment
infrastructure could cost tens of millions of dollars over time, and
thus the cost of inaction is moderate. Overall, the consequences will
be experienced only in water infrastructure in the Delaware Estuary.
SLR could have severe economic implications when combined with
extra-tropical and tropical cyclones. Flooding associated with
coastal storm surges amplified by SLR is projected to threaten
thousands of jobs and properties. Example economic impacts of SLR
are described in the box on the next page.

Appendix B: Risk Assessment Details 141



Example economic impacts of sea level rise

SLR has, and will continue, to inundate Pennsylvania with flooding. These damages
can cost Pennsylvania billions of dollars but will center around Philadelphia.

Sea Level Rise Implications

Philadelphia’s airport is built on what used to be a network of islands in the
Delaware River (built with an elevation of just 8.3 feet). The airport’s location is
one of the City’s most vulnerable areas to SLR.58 The airport’s ongoing $6.2 billion
expansion, to be completed in phases through 2025, lengthening two of the
airport’s four runways and building a fifth runway along the Delaware River,
includes SLR such as filling 135 acres of floodplain and building 11 acres on
stormwater basins.%69570

In the Delaware River Basin, some 147,000 jobs and $20.4 billion in residential
property values could be affected by the combined impact of SLR, storm surge and
flooding.%”' The portion of that damage attributable to SLR alone is unknown, though

the estimated cost to the state for all sea level related costs is $547 million.572

Forest, Ecosystems, and Wildlife

Rating: 2

SLR threatens the ecology of Pennsylvania’s portion of the Delaware
Estuary. Specifically, the upper Delaware Estuary is projected to
experience a modest change in salinity as a result of climate
change.5’3574 Increased salinity is projected to cause a change in
habitat for the fauna that live in these waters. As the estuary’s water
levels rise and increase in salinity, marine species will likely advance
up the estuary and freshwater species will retreat resulting in a
significant shift in the makeup of the estuary’s ecology.®’® Fish
populations and other marine species that need lower salinity levels
may be threatened. Specifically, oysters and mussels may be
imperiled.?’6%”7 Tidal wetlands may also be damaged by SLR and
changes in salinity levels as plant species are unable to adapt to
higher water levels, saltier water, or frequent inundation.5”®

By mid-century, coastal wetlands are also projected to experience
severe, localized damage. SLR may result in the drowning of tidal and
nontidal wetlands on Pennsylvania’s southeastern coast.>’®
Development in southeastern Pennsylvania may hinder tidal flora
and fauna from migrating horizontally to escape ecosystem
changes.® Ultimately, SLR may stress or destroy freshwater tidal
ecosystems.%8 Wetlands are a unique resource for Pennsylvania and
face significant devastation.

Built Infrastructure

Rating: 4

Though Pennsylvania has a small coastline, SLR will increase river
levels. As a result, the frequency, exposure, and severity of flooding
in southeastern Pennsylvania is expected to grow. SLR will
exacerbate the consequences of extreme precipitation and flooding
outlined in the “Precipitation and Inland Flooding” hazard section.
While exposure will remain limited in mid-century, the number of
facilities and homes at risk at the end-of-century will dramatically
increase.®8? With a four-foot rise in sea level, 2,515 homes worth an
estimated $686 million dollars and 63 miles of roads will be at risk in
Pennsylvania.’®® These damages will be concentrated in the
Philadelphia region. Overall, SLR will have a localized impact in
southeastern Pennsylvania but will result in significant damage when
combined with storms.
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Severe Tropical and Extra-Tropical
Cyclones

Overview

Tropical cyclones include events such as tropical storms, tropical
depressions, and hurricanes, while extra-tropical cyclones
encompass events like nor'easters.®®* Severe tropical and
extra-tropical cyclones will result in significant flooding and winds
that threaten Pennsylvania as well as clusters of landslides and
sinkholes. Additionally, tropical cyclones also cause tornadoes, while
extra-tropical cyclones result in winter storms that bring severe
weather (i.e, hail, tornadoes). Tropical and extra-tropical cyclones
are the main driver of annual extreme precipitation in the
Northeastern United States.®® As a result, the consequences of
flooding and extreme rainfall outlined in the “Precipitation and Inland
Flooding” hazard section also apply to cyclones.

Tropical and extra-tropical cyclones are projected to have
significant consequences for human health, the energy sector, and
built infrastructure. Stronger cyclones are expected to endanger
individuals as high winds damage buildings and flooding causes
accidents. Significant destruction and harm follow cyclone events as
seen with Hurricane Ida, Hurricane Sandy, Hurricane Irene, and
Tropical Storm Lee. For example, 16,000 homes and businesses were
damaged during Tropical Storm Lee, which resulted in over $2 billion
dollars in damages.58¢

Figure 61 illustrates the current and 2050 overall risk rating based
on the likelihood and consequence ratings.

Highly Likely

Likely

Possible @en}

2050

Likelihood

53 Risk Rating
[ ] Extreme

Unlikely High

Medium

Low

Minor Limited Critical Catastrophic

Consequence

Figure 61. Tropical and extra-tropical cyclones risk matrix

Table 23 summarizes the statewide likelihood and consequences of
tropical and extra-tropical cyclones in Pennsylvania.
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Table 23. Tropical and extra-tropical cyclones statewide risk summary

Timeframe or Rating or

Category

Risk Score

Notes

Confidence

Differential Impacts

Likelihood (details on pg. 146)

Current 2 Extra-tropical cyclones have become more frequent. High
Tropical cyclones have not increased in frequency.

Mid-century 2 Extra-tropical cyclones frequency is expected to grow. Medium
Tropical cyclones will become more intense, but not
necessarily more frequent.

Beyond 2050 These trends, including increase in severe tropical cyclone Medium

intensity and extra-tropical cyclone frequency, are
expected to continue well beyond 2050.

Consequence (details on pg. 146)

Human health 3 Potential for dozens of people severely injured. High Individuals who live in low-lying areas or who face
serious dangers to their health during power
outages.

Environmental justice 2 Slight over-representation of EJ areas in the FEMA High Individuals more sensitive to extreme flooding

and equity 500-year floodplain. and with less access to resources to recover from
a storm event. This may include individuals with
higher social vulnerability such as those who are
low-income.

Economy: Agriculture 3 Potential for severe crop damage. Medium NA

Economy: Recreation 2 Damage to the Philadelphia International Airport and Medium Southeastern Pennsylvania may be hit more

and tourism recreation sites in the state. severely as flooding is exacerbated by SLR.

Disruptions to state parks and forests.
Economy: Other 2 Short-term disruptions to energy delivery in the natural High Southeastern Pennsylvania may be hit more

(e.g. energy)

gas and petroleum sectors.

severely as flooding is exacerbated by SLR.
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Timeframe or Rating or

Category Risk Score Notes Confidence  Differential Impacts

Forests, ecosystems, 2 Damage to state forests and other ecosystems from high Medium NA

and wildlife winds.

Built Infrastructure 4 Transportation and local electricity infrastructure could be High Southeastern Pennsylvania may be hit severely
severely hit. where flooding is exacerbated because of the

region’s proximity to the coast.

Overall Risk

Current 4.8 Medium risk Medium

2050s 4.8 Medium risk Medium

Potential Opportunities

= Investments in healthy soils in agricultural land and best management practices reduce the shock of an acute storm event.

= After tropical and extra-tropical cyclones, communities often experience a boom in construction and car sales as individuals seek to replace lost property.
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Likelihood

Tropical and extra-tropical cyclones are possible each year. For
example, eight tropical and extra-tropical cyclones passing
through Pennsylvania since 2000.%%” Climate change will have
differing effects on cyclones and extra-tropical cyclones events.
Overall, a building consensus in the literature anticipates that
individual storms’ strength and level of precipitation will
increase.®® The literature indicates that an increase in the severity
of tropical cyclones is almost certain. However, the impacts of
climate change on the frequency of tropical and extra-tropical
storms will differ. The frequency of tropical storms is not projected
to change.®® No consensus has been reached on whether there has
been a demonstrated trend in a change in tropical cyclones’
likelihood.?®®© On the other hand, extra-tropical cyclones are
expected to increase in frequency. Overall, there is a high degree
of uncertainty in how both tropical and extra-tropical cyclones will
change in likelihood.

Consequences

Figure 62 summarizes the overall consequence ratings statewide for
tropical and extra-tropical cyclones—highest consequences are in
human health, environmental justice and equity, agriculture, and built
infrastructure.

Human Health
Rating: 3

The health impacts of severe cyclones are limited but can be severe.
Flooding during tropical and extra-tropical cyclones poses

Figure 62. Tropical and extra-tropical cyclones consequences
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significant dangers to human health. These extreme storms can
result in significant mortality, especially as storms’ strength
intensifies. Cyclones can directly cause injuries and death from
drowning and trauma sustained during the event. They can also
contribute to a higher risk of certain health issues, such as preterm
birth.®®' Additionally, severe cyclone events can have significant
mental health impacts. Trauma of the event, loss of resources, and
economic and social consequences can lead to stress and anxiety,
post-traumatic stress disorder, and depression.59?

During cyclone events, risks to human health depend mainly on
exposure and vulnerability rather than on changes in storms’
intensity. Exposure is driven by living in areas that are low-lying or
adjacent to waterbodies and thus more prone to severe flooding.
Individuals may also be more vulnerable if they face a serious health
risk if the power is shut off, such as those who are elderly or have
certain medical conditions.
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In addition, cyclones threaten to disrupt critical services to human
health such as telecommunications, water, wastewater, emergency
services, and transportation infrastructure. Loss or interruption of
these services can result in serious harm and mortality.®®® A large
number of people would face risk of harm and dozens of people in
the Commonwealth could experience harm during or after a cyclone
event because of hazardous conditions created by the event. For
example, disruption of electricity and inability to refrigerate food can
result in foodborne diarrheal illnesses if individuals consume spoiled
foods.5%* Death from electrocution from fallen power lines, carbon
monoxide poisoning, candle-started fires, and car accidents can all
also be indirectly caused by severe cyclones.’®® Heavy rain and
winds can reduce visibility while driving and cause other hazardous
road conditions which can also result in greater car accidents.

Finally, winter extra-tropical cyclones can be dangerous because of
snow accumulation, winds, and freezing temperatures.5% Resulting
health risks include frostbite and hypothermia.®®’

Environmental Justice and Equity

Rating: 2

Many of the same EJ and equity concerns raised in the “Precipitation
and Inland Flooding” hazard section apply to cyclone events.
Cyclones will threaten those in low-lying areas, as these extreme
storm events exacerbate flooding. EJ areas are slightly
overrepresented in FEMA 500-year floodplains compared to the
state average (1.2 times as exposed). Affordable housing is also
expected to see a 792% increase in exposure to coastal flood. This
is the largest predicted increase in affordable housing exposure for
any coastal state.5%8

Beyond being slightly overrepresented in terms of exposure,
communities with a high percentage of low-income individuals are
more at-risk of facing serious consequences after an extreme storm.
Low-income households are more likely to lack the resources to
recover quickly from an extreme cyclone, and to reside in
substandard housing, which increases the risk of mold, mildew, poor
IAQ, and damage after intense rain and wind during storms.599600
Similarly, areas with a high percentage of low-income individuals are
more likely to have less climate resilient infrastructure.%'

Economy

Agriculture

Rating: 3

Rainfall during tropical cyclones and extra-tropical cyclones will
parallel many of the consequences of extreme precipitation on
agriculture discussed in the “Precipitation and Inland Flooding”
hazard section. Heavy precipitation during extreme weather events

will increase risks associated with flooding such as augmented
runoff, erosion, and nutrient leaching.

In 2021, the remnants of Hurricane Ida caused excessive rain in
Pennsylvania, and the USDA recognized the significant impact from
this event on Pennsylvania agriculture.®°? Four counties received a
disaster designation to support recovery in response to livestock
death, feed and grazing losses, and crop losses.5%3

Recreation and Tourism
Rating: 2

Cyclones and extra-cyclones will have limited consequences for
recreation and tourism. Though the consequences appear mild,
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extreme storms could damage the Philadelphia International Airport
when combined with other climate stressors like SLR, as discussed
in the “Sea Level Rise” hazard section. For example, a two-foot rise in
sea level in conjunction with a Category 1 storm would inundate
25% of the airport’s supporting infrastructure and 42% of the
airport’s terminals and hangars.t%* Like with other infrastructure,
cyclones could damage recreation and tourism facilities in the state.
For example, in the aftermath of Hurricane Irene, the National Park
Service had to remove fallen trees and debris, repair minor road
damage, and clear culverts.f%® State parks and forests have also
experienced significant disruptions from cyclones that have
reduced tourism opportunities and resulted in lost revenue for the
state.®%¢ Overall, cyclone impacts to this sector are limited.

Other Economic Activity

Rating: 2

Cyclones will likely temporarily disrupt economic activity. The
consequences are significant for the energy sector and for small
businesses dependent on electricity. Business and government
activity may be disrupted as teleworking employees may not be
able to connect to the internet. Flooding during storms can disrupt
fuel delivery services such as natural gas compressor stations,
petroleum product pipelines, and pumping stations for crude oil.
Refineries are also at risk during extreme flooding and blackout
events caused by cyclones. Similarly, extreme rainfall during severe
storms is a main cause of pipeline damage.®®” Additionally, high
winds and precipitation associated with severe storms disrupts
electricity delivery which impacts communities and small
businesses. Storms force stores, restaurants, and other businesses
to close. During Hurricane Irene and Hurricane Sandy, electric

service was down for four to eight days.?®® Blackouts during
Hurricane Irene affected 700,000 people, while outages during
Hurricane Sandy affected 12 million Pennsylvanians. In 2021,
Hurricane Idea left over 100,000 customers at least temporarily
without power.6%® Monetary losses related to Hurricane Ida were
estimated to be over $117 million in Pennsylvania.f’© Extreme storms
temporarily disrupt energy delivery services and hurt business
revenue.

Extra-tropical storms that take the form of storms have similarly
challenged the state’s electricity infrastructure. Pennsylvania has an
average of five major winter storms per year and has had the
fifth most weather-related outages of any state from 2000 to
20218m812 A winter storm in 2022, caused a blackout affecting
100,000 peoplef® and winter storms Riley and Quinn caused
11,770 total outage cases in 2018.5%

Examples of the economic impacts of severe tropical storms are
described in the box on the next page.
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Example of economic impacts: severe tropical storms

Tropical storms have inundated Pennsylvania with heavy rains and caused
record flooding. These damages have cost the Commonwealth millions of
dollars and several deaths.

2021 Hurricane Season: Hurricane Ida

The remnants of Hurricane Ida hit Pennsylvania on August 31%, triggering a
Presidential disaster declaration for eight counties. Over $100 million was
sustained in housing damages.?® The average household in Pennsylvania
received $4,600 in assistance to recover from Hurricane Ida.5®

2018 Hurricane Season: Hurricane Florence and Tropical Storm Gordon

Tropical Storm Gordon dumped rain throughout PA and, on September 9™, set
the record as the second-wettest day ever recorded at the Pittsburgh airport,
yielding 3.73 inches of rain.?” Allegheny County declared a State of Emergency
due to this event. Numerous roads were closed due to high water and localized
flooding.® On September 16-17, 2018, Hurricane Florence dumped three to
four inches of rain along and just east of the Appalachians. Florence made
2018 the wettest year ever for Pennsylvania.’

2020 Hurricane Season: Tropical Storm Isaias

In August 2020, Tropical Storm Isaias caused considerable inland flooding in
PA. Estimated damage costs associated with the storm total more than
$27.6 million and two dead.52062

2011 Hurricane Season: Irene and Tropical Storm Lee

Tropical storm Lee caused considerable damage from record flooding across
the Northeast. Tropical Storm Lee cost Pennsylvania $67.9 million in flooding
and landslide costs and seven deaths.®?2623 Hurricane Irene also caused
torrential rainfall and flooding across the Northeast. Separately, PennDOT
estimated that Hurricane Irene cost the Department $18.5 million in damages.
Combined, $86.4 million in public damages resulted from the 2011 hurricane
season in Pennsylvania.?*

Forest, Ecosystems, and Wildlife

Rating: 2

The evidence exploring severe storms’ effect on forests, ecosystems,
and wildlife is limited. Pennsylvania DCNR reports significant
increases in wind damage in the state's forests and other
ecosystems in recent years. Both heavy precipitation and high winds
can stress trees.®?® These stressors can make trees more
susceptible to pests and disease, and ultimately cause a decline in
the tree’s health and lead to mortality.6?¢ If this trend continues, it
could lead to increasingly significant damage to natural assets that
increase the time needed for habitats to recover.

Built Infrastructure

Rating: 4

Cyclones’ consequences to the built infrastructure will be severe but
limited. Extreme weather will exacerbate many of the consequences
of flooding on infrastructure discussed in the “Precipitation and
Inland Flooding” hazard section. Coastal storm surges have a massive
potential to harm Pennsylvania’s infrastructure systems, especially in
the Philadelphia region. Storm surge flooding threatens
transportation systems and water treatment facilities.

The combined effect of high winds and heavy precipitation during
cyclone events also puts local electricity infrastructure at a high risk
of failure or damage. High winds alone during a hurricane event have
the potential to damage power plants and transmission
infrastructure. As a result, communities may be left in the dark for
extended periods of time after storms and may not be able to get
the goods they need like natural gas or gasoline. Water treatment
plants in Pennsylvania also often rely on grid electricity, and a power
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outage can limit the amount of clean water available in the
short-term.°?” Even if not facing an outage, communities may
experience bursts of power outages. Equipment may become
unreliable as a result. Additionally, high winds can damage building
materials and lower these materials’ expected lifetimes.

The consequences of extreme storms will vary as counties’
preparedness ranges. In Philadelphia alone, a single more intense
hurricane could cost between $20 million and $900 million,
depending on the severity of flooding and strength of wind gusts.628
Cyclones have the potential to result in significant damage and a
complete shutdown of critical infrastructure. Overall, cyclones pose
a substantial risk to the Commonwealth’s built infrastructure.
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APPENDIX C

Data and Projection Methods
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Appendix C: Climate Analysis Details

The updated projections presented in this report are based on
temperature and precipitation projections from an ensemble of
23 climate models, downscaled to a 1/16" degree grid (or
approximately six km square grid) using the Localized Constructed
Analogs (LOCA) method.?® This represents the same underlying
dataset used in the Fifth National Climate Assessment.®%°

The 23 models included in the ensemble are:

FGOALS-g3
GFDL-CM4
GFDL-ESM4
HadGEM3-GC31-LL
INM-CM4-8
INM-CM5-0
IPSL-CMBA-LR
KACE-1-0-G
MIROC6
MPI-ESM1-2-LR
NorESM2-LM
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Projected values represent the averages over three time periods:
2016-2045 (early-century/present context), 2041-2070
(mid-century), and 2070-2099 (end-of-century).

Projected values reported represent the 50% percentile of the
23 climate models. The report and figures below also provide the
10t and 90" percentile range across models. Projected values are
calculated by determining the change between modeled future and
modeled baseline values and adding that change to the observed
baseline. Future change is presented relative to a 1971-2000
historical baseline. All values and percentiles are calculated for each
model and grid cell, then averaged across grid cells where applicable
(or presented in map form).

Historical data were drawn from a 1/16"" degree gridded reanalysis
dataset, which uses meteorological station data across continental
United States. Historical conditions represent the average over the
1971-2000 baseline.

Present context and mid-century projections assume a global
“unabated” greenhouse gas representative concentration pathway
where there are no new emission reduction actions (SSP 5-8.5). This

"unabated” emissions pathway is relatively similar to the "middle of
the road” pathway (SSP 2-4.5) through 2050, at which point the
difference between the two scenarios becomes greater.
Late-century projections are provided for both a “middle of the
road”-emissions pathway (SSP 2-4.5) and high-emissions pathway
(SSP 5-8.5) to capture the potential range of outcomes depending
on global greenhouse gas emissions over this century.

Because each value provided in this report is generated by averaging
the 10t 50, or 90™ percentile outputs from 23 models across the
geography of Pennsylvania, these values are estimates of future
conditions, but are not intended to be used as precise projections.
Additionally, the projections may not reflect extreme scenarios that
are plausible but projected by a minority of models.

The following figures and tables supplement the findings provided in
the main body of the report.
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Additional Projection Data

Monthly and County-Wide Temperature Projections

Figure 63. Statewide average observed and projected monthly average temperatures
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Based on a 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values for 2030 represent all years 2011-2040, those for 2055 represent 2041-2070, and those for 2085
represent 2070-2099.
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Figure 64. Statewide average observed and projected monthly maximum temperatures
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Based on 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values for 2025 represent all years 2011-2040, those for 2055 represent 2041-2070, and those for 2085
represent 2070-2099. Values are statewide averages.
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Table 24. County-wide average observed and projected annual average temperature (°F)

Observed [ Term [Century [ Century Observed | Term |Century | Century Observed | Term Century | Century
(2016— (2041- |(2070- (2016— (2041- |(2070-
2040) |2070) 2000) 2040) |2070) |2099) |County 2000) 2040) |2070) |2099)
Adams 51.8 54.9 58.1 61.8 |Elk 447 48.3 514 55.2 | Montour 493 52.6 56.1 59.8
Allegheny 514 54.5 58.0 617 |Erie 475 51.1 54.6 58.4 |Northampton 50.4 53.7 57.0 60.5
Armstrong 48.8 520 55.2 59.0 |Fayette 497 531 56.1 59.8 |Northumberland 494 527 56.0 59.7
Beaver 50.6 53.8 57.0 60.7 |Forest 457 491 523 56.0 |Perry 50.4 53.8 56.9 60.5
Bedford 496 52.6 56.0 59.7 |Franklin 51.5 547 58.2 62.0 |Philadelphia 54.9 58.1 614 65.1
Berks 50.8 54.0 57.2 60.9 |Fulton 50.1 531 56.3 60.0 |Pike 46.7 50.0 534 571
Blair 48.4 51.6 551 58.9 |Greene 50.2 53.6 56.5 60.2 |Potter 44.4 47.8 511 54.9
Bradford 459 493 527 56.5 |Huntingdon 49.8 52.8 56.2 59.9 |Schuylkill 48.6 51.8 551 58.7
Bucks 522 55.4 58.6 62.1 |Indiana 48.9 52.4 55.6 59.3 |Snyder 49.7 528 56.0 59.7
Butler 48.6 51.9 55.2 58.9 |Jefferson 471 50.5 53.8 57.5 |Somerset 46.8 50.5 534 57.2
Cambiria 47.4 50.8 541 58.0 |Juniata 50.0 53.0 56.3 60.1 | Sullivan 45.6 49.0 524 56.1
Cameron 451 48.4 51.6 55.2 |Lackawanna 46.8 50.3 541 57.7 |Susquehanna 454 491 52.2 55.9
Carbon 475 50.9 54.3 57.7 |Lancaster 523 55.6 59.0 62.9 |Tioga 445 478 511 54.9
Centre 476 50.9 541 57.9 |Lawrence 491 52.4 55.7 59.4 |Union 495 525 56.0 59.7
Chester 523 55.5 58.6 624 |Lebanon 51.3 54.6 58.2 62.2 |Venango 46.9 50.2 534 57.0
Clarion 47.3 50.6 537 57.4 |Lehigh 50.6 53.8 57.2 60.9 |Warren 45.6 491 52.6 56.4
Clearfield 46.6 50.1 534 571 |Luzerne 472 50.9 54.3 57.9 |Washington 50.4 53.9 56.9 60.6
Clinton 46.5 496 528 56.5 |Lycoming 47.0 50.1 53.6 574 |Wayne 44.9 48.4 52.0 55.6
Columbia 483 514 55.0 58.7 |McKean 43.9 476 50.8 546 |Westmoreland 49.6 53.2 56.4 60.2
Crawford 46.7 50.2 535 573 |Mercer 48.4 51.8 553 591 |Wyoming 46.9 50.2 53.9 57.6
Cumberland 51.6 54.8 58.4 62.1 | Mifflin 493 52.4 55.6 59.4 |York 524 55.8 59.1 63.0

Dauphin 51.3 54.6 58.0 61.8 | Monroe 47.8 51.0 54.5 58.1
Delaware 54.8 57.7 615 651 |Montgomery 52.2 55.6 58.6 62.3
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Projections under SSP 2-4.5

Table 25. Statewide average observed and projected precipitation (SSP 2-4.5)

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Precipitation Variable Baseline | Projected Value Projected Value Projected Value
P (1971- (10th—90th 50th Percentile (10th—-90th 50th Percentile (10th—90th 50th Percentile
2000) Percentile) Percent Change Percentile) Percent Change Percentile) Percent Change
Annual precipitation (inches) 429 451 6.1% 46.1 7.8% 46.3 7.9%
(42.3 - 47.4) (43.0 - 48.9) (43.4 - 49.5)
Days with rainfall > 3 inches 0.2 0.2 40.2% 0.2 45.9% 0.2 59.0%
(days) (01-0.3) (01-04) (0.1-0.4)
Annual maximum 12.6 12.7 0.7% 12.8 1.8% 131 4.0%
consecutive dry days (days) (1.4 - 13.9) (M5 -140) (1.7 -14.5)
“Very heavy” (95t percentile) 0.8 0.9 4.9% 07 7.5% 0.7 7.6%
precipitation (inches) (0.8 - 0.9) (0.6 -07) (06 - 07)
Days with precipitation above 10.5 1.6 1.8% 21.0 13.2% 211 13.4%
baseline “very heavy" (10.1-13) (18.7 - 23.0) (191 - 23.4)
precipitation (days)
“Extremely heavy” 14 1.5 1.3 9.0% 13 10.9%
(99t percentile) precipitation (1.4 - 1.6) 6.8% (12-14) (12 - 14)
(inches)
Days with precipitation above 24 3.0 25.2% 5.3 29.9% 5.6 35.9%
baseline “extremely heavy" (22-37) (42-6.2) (4.5-6.5)
precipitation (days)
Annual maximum 3-day 3.2 3.4 9.2% 35 9.7% 3.6 12.6%
precipitation event (inches) (3.0 - 3.8) (8.0-3.9) (31-4.0)

Note: Projections are based a 23-model ensemble of LOCA downscaled data, SSP 2-4.5. Values reported are the median for the 23-model ensemble, as well as the 10" and
90™ percentile values across models.
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Table 26. Statewide average observed and projected temperature variables (SSP 2-4.5)

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Temperature Variable

Observed
Baseline

(1971-
2000)

Projected Value
(10th-90t
Percentile)

50t Percentile
Absolute
Change

Projected Value

(10t—90t Percentile)

50t Percentile
Absolute
Change

Projected Value
(10th—90t
Percentile)

50t Percentile
Absolute
Change

Average annual temperature 48.3 517 34 53.5 5.2 54.6 6.3
(°F) (50.6 - 52.7) (51.8 - 54.9) (52.9 - 56.4)

Average annual minimum 37.6 410 3.2 64.4 55 65.3 6.4
temperature (°F) (39.9-422) (62.3 -65.5) (63.4-67.)

Average annual maximum 59 624 3.6 '42.6 4.9 43.8 6.1
temperature (°F) (612 - 63.5) (412 - 44.2) (422 - 45.9)

Heating degree days 5,569.1 4,649.2 -919.9 5,189.2 -1,313.9 4,902.7 -1600.4
(degree days) (4,649.7 - 5,083.8) (4,804.3 - 5,486.6) (4,303.9 - 5,268.8)

Cooling degree days 1,096.4 1416.4 320 974.9 496.6 1162.3 684.0
(degree days) (1,271.3 - 1,5659.0) (768.9 —1,193.6) (859.4 - 1,399.4)

“Very hot” (95th percentile) 85.2 88.8 32 90.1 4.9 91.8 6.6
temperature (°F) (871-910) (881-927) (88.9-94.4)

Days with temperature 19.6 429 22.0 56.0 36.6 67.8 48.3
above “very hot” baseline (30.6 - 56.5) (37.7-718) (43.8 -88.4)

temperature (°F)

“Extremely hot” (99th 89 92.8 34 94.0 5.1 95.8 6.8
percentile) temperature(°F) (912 - 94.8) (92.0-97.2) (93.0 -98.3)

Days above baseline 6.2 19.5 9.9 25.0 19.2 35.9 30.1
“extremely hot” temperature (1.9 - 30.6) (14.8 - 41.8) (18.5 - 55.0)

Days with temperature 6.1 18.6 9.9 23.0 18.0 33.6 28.5
>90°F (1.3 - 28.5) (14.2 - 37.6) (17.9 - 50.3)

Days with temperature 0.8 4.3 25 5.8 5.2 10.0 9.4
>95°F (19-76) (27 -12.9) (87-19.2)

Days with temperature 0.0 0.5 04 0.9 0.9 17 17
>100°F (01-10) (0.2 -23) (04-42)

Days with low temperature > 4.9 12.9 7.5 17.8 14.1 23.8 201
68°F (8.9 -17.4) (10.9 - 25) (14.1 - 34.1)

Consecutive days above 24 5.2 2.3 6.1 3.9 8.3 6.0
90°F (35-76) (4.3-11) (5.3-13.5)
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Observed Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Temperature Variable Baseline Projected Value 50 Percentile Projected Value 50t Percentile | Projected Value | 50t Percentile
(1971- (10th—90th Absolute (10t—90t Percentile) Absolute (10th—90th Absolute
ploJele)] Percentile) Change Change Percentile) Change

Consecutive days above 0.4 17 11 2.3 19 3.3 29

95°F (0.8-28) (12-4.9) (16 -5.8)

Growing degree days 1,375.6 1716.3 340.7 3,429.0 696.6 36324 899.9

(degree days) (1,578.2 —1,862.1)

(3116.3 - 3,662.4)

(3279.6 — 3,932)

Projections under SSP 5-8.5

Table 27. Statewide average observed and projected precipitation variables (SSP 5-8.5)

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Baseline Projected Value . Projected Value . . .

Precipitation Variable (1971 (1090 I:)50“‘ Percc::intlle (1090 I:)50”‘ Pergintlle 1olt3hr019t;ct:id Valut-:-'I I:,50“‘ Pergintlle

2000) Percentile) ercent Change Percentile) ercent Change | (10— ercentile) | Percent Change
Annual precipitation 429 44.8 5.4% 46.8 9.0% 48.3 12.5%
(inches) (418 - 47.3) (43.4 - 49.3) (44.2 - 51.0)
Days with rainfall > 0.2 0.2 37.9% 0.2 60.7% 0.3 97.4%
3 inches (days) (01-0.3) (01-0.4) (01-0.5)
Annual maximum 12.6 12.8 2.6% 12.9 3.0% 13.5 7.7%
consecutive dry days (1.5 - 14.1) (M6 -140) (M9 -15.0)
(days)
“Very heavy” 0.8 0.9 5.3% 0.9 9.1% 1.0 15.1%
(95t percentile) (0.8 - 0.9) (0.9 -10) (0.9 -10)
precipitation (inches)
Days with precipitation 10.5 1.7 12.5% 12.7 211% 13.9 32.9%
above baseline “very (10.2 = 13.1) (10.7 -14.0) (M7 -155)
heavy" precipitation (days)
“Extremely heavy” 14 1.5 7% 1.6 N.3% 17 18.7%
(99t percentile) (1.4 -16) (1.5-17) (1.5 -1.8)

precipitation (inches)
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Baseline
(1971-
plele]o))

Precipitation Variable

Near Term (2016-2040)

Projected Value
(]oth_goth
Percentile)

50t Percentile
Percent Change

Mid-Century (2041-2070)

Projected Value
(]oth_goth
Percentile)

50t Percentile
Percent Change

End-of-Century (2070-2099)

Projected Value 50t Percentile
(10t—90t Percentile) | Percent Change

Days with precipitation 24 3.0 26.1% 3.5 43.4% 4.2 74.0%
above baseline “extremely (23-37) (26 - 4.3) (3.0-5.2)

heavy" precipitation (days)

Annual maximum 3-day 3.2 34 8.2% 3.6 12.8% 3.8 19.91%
precipitation event (3.0 - 3.8) (31-4.0) (33-42)

(inches)

Note: Projections are based a 23-model ensemble of LOCA downscaled data, SSP 5-8.5. Values reported are the median for the 23-model ensemble, as well as the 10" and

90" percentile values across models.
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Table 28. Statewide average observed and projected temperature variables (SSP 5-8.5)

Temperature Variable

Observed

Baseline

(1971-
2000)

(10th_90th
Percentile)

50 Percentile
Absolute Change

Projected Value
(]oth_goth
Percentile)

50 Percentile
Absolute Change

(1oth_90th
Percentile)

Projected Value

Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Projected Value 50t Percentile

Absolute Change

Average annual 48.3 520 3.7 54.9 6.6 58.7 10.4
temperature (°F) (50.7 - 53.3) (5631-56.6) (56.0 - 61.6)
Average annual minimum 37.6 4.4 3.7 440 6.7 47.6 10.5
temperature (°F) (40.2 - 427) (42.6 — 45.9) (455 - 51.0)
Average annual maximum 59.0 62.6 37 65.7 6.4 69.5 10.0
temperature (°F) (612 - 63.8) (63.7 - 67.2) (66.4 —72.2)
Heating degree days 5,569.1 4,830.5 -738.6 4,830.8 -1,672.3 4137 -2,366.1
(degree days) (4,578.9 - 5,060.9) (4,425 -5,217.7) (3389.9 -

4,440.0)
Cooling degree days 1,096.4 1446.2 349.8 1194.7 716.4 18437 1,365.5
(degree days) (1283.3 - 1,592.5) (910.5 - 1,460.0) (1266.7 -

,2331.3)
“Very hot” (95th 85.2 88.9 35 92 6.8 96.5 1.3
percentile) temperature (871-90.8) (89.0 - 94.9) (92.3 -100.3)
P
Days with temperature 19.6 44.9 251 70.6 49.8 104.8 83.9
above “very hot” baseline (325 - 57.5) (46.6 — 86.8) (68.4 -129.4)
temperature (°F)
“Extremely hot” (99th 89.0 926 36 95.9 6.9 100.6 1.6
percentile) (90.5 -94.8) (92.8 - 98.5) (96.1-104.4)
temperature(°F)
Days above baseline 6.2 19.5 n.8 38.0 30.9 74.8 67.3
“extremely hot” (10.7 = 29.7) (20.0 - 57.0) (39.8 -102.6)
temperature
Days with temperature 6.1 18.5 1.2 35.9 304 69.8 63.9
>90°F (10.9 - 27.4) (187 - 52.5) (36.7-97.2)
Days with temperature 0.8 4.1 2.8 n2 10.6 33.6 32.8
>95°F (1.4 - 7.4) (41-20.6) (.4 - 58.3)
Days with temperature 0.0 05 04 20 21 9.8 9.9
>100°F (01-10) (04 -423) (21-24.2)
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Observed Near Term (2016-2040) Mid-Century (2041-2070) End-of-Century (2070-2099)

Temperature Variable Baseline Projected Value Projected Value Projected Value

50t Percentile 50t Percentile 50t Percentile

(1971- (10th—90t (10t—90t (10th—90th

2000) Percerle) Absolute Change Percentile) Absolute Change Percentile) Absolute Change
Days with low temperature 49 13.7 8.6 257 23.2 54.6 51.5
> 68°F (9.4 -18.1) (16.4 — 35.6) (31.0-78.8)
Consecutive days above 2.3 51 2.6 8.8 6.5 19.3 17.0
90°F (8.1-7.4) (5.3-15.2) (91-36.8)
Consecutive days above 04 1.6 11 3.4 3.0 8.3 7.9
95°F (0.6 -28) (17-6.2) (37-16.3)
Growing degree days 1375.6 1754.3 3787 36877 920.3 4,282.8 1,5665.8
(degree days) (1,5693.4 - 1,904.2) (3,316.6 — 3,916.7) (3656.4 —

4,771.8)
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