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PENNSYLVANIA CLIMATE IMPACTS ASSESSMENT 2021

EXECUTIVE SUMMARY

Climate change is already affecting Pennsylvania. From severe heat waves to significant
flooding, climate change influences weather events that have economic, health, and other
impacts across the Commonwealth. These events can affect some Pennsylvanians nre than
others.

The Pennsylvania Climate Change Act (Act 70 of 2008) requires the Department of
Environmental Protection to update the Impacts Assessment and Climate Action Plan regularly;
this report, the 2021 Impacts Assessment, provides this update. Itreviews current scientific
findings and identifies relative risks to inform priority adaptation needs in the Climate Action
Plan, but it is not a comprehensive or prescriptive assessment of all potential climate risks and
impacts to Pennsylvania.

Project ed Climate Changes

The 2021 Impacts Assessment presents updated climate projectiondased on the latest available
downscaled climate model data. These projections align with projections from previous impacts
assessmentsPennsylvania is expected to getwarmer and wetter and undergo changes on its
coastlines, including those of the Delaware Valley Estuary and Lake Erie.

By mid-century, key expectedchangescompared to a 19712000 baselinenclude:

i The average annual temperature statewideis rising, and is expected toincrease by 5.9°F
(3.3°C).

1 There will be more frequent and intense extreme heat events. For example, temperatures are
expected to reach at least 90°F on 37 days per year, up from the 5 days during the baseline
period (seeFigure 1). Days reaching temperatures above 98F and 100°F will become more
frequent as well.

1 Increasing temperatures will continue to alter the growing season and increasethe 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.

1 Pennsylvania could experience more total average rainfall, occurri ng in less frequent but
heavier rain events. Extreme rainfall events are projected to increase in magnitude,
frequency, and intensity (seeFigure 2) and drought conditi ons are also expected to occur
more frequently.

9 Tidally influenced flooding is expected to increasein the Delaware Estuary coastal zone.

9 Lake Erieis also expected toundergo significant changes in water level, coastal erosion, and
water temperature.
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Average Annual Number of Days with Temperatures >90°F

1 Observed (1971-2000) | Mid-century (2041-2070) | End-of-century (2070-2099)

0-21 days

21-41 days

41-62 days
B 62-82 days
M 52-103 days

FHgure 1. Observed and projected annual days with temperatures above 90°F

Number of Days with Very Heavy Precipitation

Observed (1971-2000) M Mid-century (2041-2070) | End-of-century (2070-2099)

13-17 days
17-22 days
22-26 days
. 26-31 days
31-35 days

Figure 22.0bserved and projected annual days with overy heav

Risk Assessment Approach

This impacts assessment evaluates the likéhood

. . Key Terms
and consequences of six climate hazards:

Riskii The chance a climate hazard will cause

1 Increasing average temperatures harm . Risk is a function of the likelihood of an
1 Heavy precipitation and inland flooding aisliaise ellies e Cer wlie el 1z
Heat severity of its consequences (e.g., Risk =

l ea W_aves Likelihood x Consequence).

l LandShdeS_ Climate hazard fi Changes or events related to

1 Sealevel rise global climat e change. Climate hazards can

1 Severe topical and extra-tropical cyclones. be discrete (e.g., severe storms) or ongoing
(e.g., increasing average temperatures)

The assessmenfocuseson risks at mid-century at Impact 3 The effect of a climate hazard

the state level and also take into consideration Likelihood fi The probability or expected

regional variations (e.g., urban or rural, proximity frequency a climate hazard is expected to
occur

to waterways), as well as the populations,
industries, and other areas disproportionately
affected. The likelihood of a hazard occurring is

Consequence fi A measure of the severity of
impacts from a climate hazard

EJ areasii PA Environmental Justice Areas
evaluated on a scale of 1 to 4. Includes any census block group where 20%  or
more of individuals live in poverty, and/or 30%

or more is minority.
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The severity of consequences is also evaluated on a scale of 1 to Fhe assessment examines the
severity of consequences in the following categories

Human health

Environmental justice and equity
Agriculture

Recreation and tourism

Energy and other economic activity
Forests, ecosystems, and wildlife
Built infrastructure.

= =4 =4 4 4 4 4

The product of the scores for likelihood and for consequence severity creates the overall risk
rating for each hazard.

The impacts assessmenfor 2021 also includes, for the first time, an analysis of environmental
justice and equity. The assessment seeks to identify:

1 Geographic areas the most exposed to climate hazards

9 Populations the most vulnerable to impacts

9 The subset of exposed communities with high proportions of already overburdened
individuals.

37T WEUUT UUOT OUWEUUUOI UwOOWEEEXUEUPOOWEEUDPOOWOUwWxO
UUUEO> wUPUOBW3T T wUI UUOUUWUTT UIT OUl wbOEPEEUIT wki 1 UI
risk, recognizing that some hazards or impacts may be easier to address than others.

Climate Risk Assessment Results

The risk assessment revealed several key findings:

1 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 floodingis today by mid -century (seeTable 1).

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

1 Increasing average temperatures could affect nearly every aspect of life in the
Commonwealth, from infrastru cture design to energy costs, recreational opportunities,
agricultural practices, and the natural environment.

1 Heat waves will become increasingly common and will create particular health and
economic risks for vulnerable populations, including low -income populations, the elderly,
pregnant women, people with 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.

1 All hazards| especially heatwaves, increasing temperatures, and flooding| could affect
public health negatively. For example, higher temperatures mean more days with

Xi
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hazardous heat conditions or reduced air quality, and increased risk of heat-related illness.
Flooding increases the risks of direct injury from flood waters and of illness caused by
contaminated water.

1 Climate change will not affect all Pennsylvanians equally. Some may be more at risk
because of their location, income, housing, health, or other factors. AsPennsylvania works
to reduce its climate risks, it should also take care that these inequitable impacts are
addressed, and that adaptation efforts do not inadvertently exacerbate inequities.

1 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
l UOUUEUAWEOUOEWEUEUUPEEOOGa wWET EOT 1T wUT | wOEOI Ux woOi wl
built infrastructure near the tidal zone. Lands lides can have severe consequences if they cut
off critical transportation routes, particularly in rural areas.

1 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.

1 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 potenti al positive
changes. This is particularly true for rising average temperature, which could enable the
cultivation of warmer -weather crops, expand warm-weather recreation and tourism, and
lower wintertime heating energy demand.

Table 1. Overall Risk Assessment Results

Mid -century Risk

Climate Hazard Current Risk Rating :
Rating

1 Increasing average temperatures Medium High
5 Heav_y precipitation and inland High High

flooding
3 Heat waves Medium High
4 Landslides Medium Medium
4 Sealevelrise Low Medium
6 Severe tropical and extra -tropical Medium Medium

cyclones

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
sectorsFigure 3). Increasing temperatures have the highest consequences for human health and
environ mental 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 a t particular risk.

Xii
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® 2050 Risk Score
(Likelihood x
Consequence)

. Extreme
wn
8 High
g ] .
g
§ - [ ]
5 Medium
)
2
. LGW
Increasing Heavy Heat Waves Landslides Sea Level Rise Severe Tropical
Average Precipitation and and Extra-Tropical
Temperatures Inland Flooding Cyclones
® Human health m Environmental justice and equity m Agriculture
m Recreation and tourism Energy and other economic activity m Forests, ecosystems, and wildlife

Built infrastructure

Figure 3. Total consequences by hazard (sorted lowest to highest overall risk)

Throughout this risk assessment the fact that climate change does not affect all Pennsylvanians
equally was given particular focus. Some communities may be more vulnerable to impacts
because of their location, and some populations may be more at risk becawse of housing, health,
or other factors. Certain populations have greater physical exposure to risks (e.g., construction
workers may be more exposed to heat waves)or have limitations on their ability to manage
consequences if they occur (e.g.low income or wealth may hinder ability to pay for air
conditioning ). Consequences of historical discriminatory practices in communities of color (e.g.,
redlining, disinvestment) remain manifest today, with communities of color disproportionately
living in housing th at is particularly susceptible to deterioration by heat waves.

As Pennsylvania works to reduce its climate risks, it must address these inequitable impacts
and ensure that adaptation efforts do not inadvertently exacerbate inequities. Instead,
adaptation actions should reduce impacts on vulnerable populations. This assessment identified
the following top priorities for adaptation action:

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

9 Support the agriculture, recreation, and tourism sectors, as well asforests, ecosystems, and
wildlife in the transition to a warmer climate

1 Reduce flood risks to infrastructure and communities

Help low -income households cope with an increased energy burden

1 Enhance tropical storm and landslid e risk mitigation.

=

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 Commonwealh to avoid and reduce the consequences
of climate change.

Xiii
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Risks will also continue to grow and change beyond mid -century. Although this assessment
focuseson the likelihood and consequences of each hazard in themid -century time horizon,
Pennsylvania must also consider risks for infrastructure and other planning processes that
require assumptions about conditions in the late 21st century or beyond.

Xiv



1 INTRODUCTION

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 Department of Environmental Protection (DEP) to update
the Pennsylvania Impacts Assessment and Climate Action Plan (CAP) regularly. Impact
assessmentgrovide an understanding of the state of the scien@ concerning the range of
significant climate change hazards facing Pennsylvania, such as flood events and increasing
temperatures. Figure 4 summarizes the impact assessmentscompleted and in progress.

Thisupdate providesrisk-

The fird impactsassessment ba sed assessment of
examined the effectsof climate impactsacross
change on waterresources, forests The 2015 update was hazardsand sectorsto
and wildlife, aqg uatic ecosystems ba sed on most recent inform priority adaptation
and fisheries, ag riculture, energy, literature and smulations areas. Emphasizes
human he alth, tourism and from the Coupled Model evaluation of eq uity and
outdoor recreation, and insurance Intercomparison Project 5 health implications of
and economic risk. (CMIPS). climate change impacts.
2009 2015 2021
2013 2020

The first update relied on The 2020 report focused on

the mo & recent literature high-risk sectors livestock

and smulationsfrom the production, watershed

North American Regional manageme nt strategies

Climate Change and water quality,

Assessment Program. infrastructure, and

precipitation changes.

Figure 4. Timeline of Pennsylvania impact assessment s

Climate change impacts create a variety of risks across sectors, resources, and populations. The
2021Impacts Assessmentis redesigned as a riskbased assessment to directly inform the CAP
by helping decision -makers identify meaningful and prioritized adaptation actions.

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

1 Human health
1 Environmental justice and equity



Agriculture

Recreation and tourism

Energy and other economic activity
Forests, ecosystems, and wildlfe
Built infrastructure

= =4 =4 4 =4

Also new to the 2021 impacts assessmenitare deliberate analysis and consideration of
environmental justice and equity and health for each hazard included in the risk assessment.
The assessment seeks to answer two key questions:

1 What populations may be most vulnerable to climate hazards?

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

This 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 assessmentand 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 ar e evaluated
and rated from present-day to mid -century, the assessmentalso describes potential impacts
through the 21st century and provides climate projections for late in the 21st century (2090).

The impact assessmentevaluates risks posed by climate change for the following hazards:

Increasing average temperatures

Heavy precipitation and inland flooding
Heat waves

Landslides

Sea level rise

Severe tropical and extratropical cyclones

=A =4 =4 4 4 4

The six selected hazards represent the hazards expected to affect the @nmonwealth most
significantly . Other hazards noted in previous impact assessmentgshort-term drought,
saltwater intrusion, sinkholes, snowstorms and snow cover, and stormwater management) are
acknowledged where appropriate but are not covered in depth.

Appendix A defines the key terms used throughout the report. Appendix B provides more
details on the risk assessment process&nd the approach to analyzing environmental justice and
equity impacts. Appendix C provides additional information on the climate data analysis,
including detailed methodology and additional data.



2 EXPECTEOCLIMATECHANGES IN PENNSYLVANIA

2.1 Overview of Key Updates

The 2021Impacts Assessmentspresents updated climate projections based on the latest
available downscaled climate model data. The projections are based on theLocalized
Constructed Analogs (LOCA) dataset, which includes daily temperature and precipitation
projections for 32 model simulations. The 32-model ensemble was used to reduce uncertainty
by aggregating the projections from all individual models into one projection.

The latest projections are in line overall with what —
. . . Impacts Assessment P rojecti ons
has been presented in previousimpacts assessments 2015 versus 2021

Pennsylvania is expected to get warmer and wetter. G o
Tgmperature prOJect!ons indicate that Pennsylvania Average annual P
will see an increase in average annual temperature as | temperature

well as increasing frequency and intensity of hot, Average annual +8% +8%
very hot, and extremely hot days. Precipitation precipitation

projections show that the Commonwealth will see an Projections are statewide averages for a
increase in average annual precipitation, extreme mid -century time period of 2041 32070 vs.
. a baseline time period of 1971  32000.

precipitation events, and drought due to more

extreme, but less frequent precipitation patter ns. The

updated climate model analysis shows very similar projections for overall increases in average
annual temperature and precipitation (see box).

New in the 2021 impacts assessmentare 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

2.2 Temperature and Precipitation Changes

Projected values reported below for temperature and precipitation are presented for up to three
future time periods , whi ch represent the average values over2011-2040 (present context),204%
2070 (mid-century), and 20702099 (endof-century). All are compared to a baseline period of
1971-2000.Projections are statewide averages of the 50th percentile of the 32 climate models.



The projections reported in the tables and
r\]a\rratlv\e\be!o\w ?r? b,aseq OnARC,:P__S',S \as,lt ., . Representative concentration pathways . L .
Ul xUl Ul OUUWE wl OOEEOW? EE (RcP)i Scenarios of projected  greenhouse JhouUuw
additional efforts to reduce emissions taken. As gas emissions and atmospheric

shown in Figure 5, all emissions scenarios concentrations used in climate modeling.

(bookended by RCP 8.5 and RCP 2.6) 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.

Key Term

Projected temperatures under RCP 4.5 are significantly lower than those under RCP 8.5 by the
end of the century. In Pennsylvania, for example, projected average annual temperature is
expected to rise 9.3F (5.2C) by end-of-century under RCP 8.5, but only 5.5°F (3.1°C) under RCP
4.9 this is similar to the RCP 8.5 projections for mid-century. Projections for all variables under
RCP 4.5 are provided in the appendix.

Climate Changes Beyond 2100
Global average surface temperature change . . .
. Climate change is a dynamic
(relative to 1986-2005) Mean over g9 yn
i 2081-2100 process, and events taking
E‘ L L Il L L

] place today can  affect the

1 - atmosphere for decades into
4 L the future. While most readily
available climate change

L projections go through the end
of the 21 st century, the climate
will continue to change well
beyond 2100. Exactly how
depends on a range of

1 L factors, including gl obal

-2 T T I T T T greenhouse gas emissions over

2000 2050 2100 the next several decades.
Year

RCPB.5

=]
1
T
[
RCP4.5
RCP6.0

RCP2.6

Figure 5. Comparison of projected global average surface temperature change

RCP 8.5 (baseline emissions scenario) and RCP 2.6 (lowest  emissions scenario). RCP 4.5 is the next -lowest
emissions scenario after RCP 2.6. Source: Adapted from IPCC Climate Change 2014 Synthesis Report.

2.2.1 Temperature

Temperatures are projected to increase substantially this century across the Commonwealth.
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.



Pennsylvania is projected to see higher average temperatures over the course of the next several

decades.Across the state, annualaverage temperatures are projected to increase by about 5.9
(3.3°C) by mid -century and 9.4°F (5.2C) by the end-of-century.?

As the climate changes, so will the frequency
and severity of extreme temperatures. Extreme
heat events are projected to occur more often
and become more severe; very hot days,
extremely hot days, and heat waves will all

DOEUI EUI wb G/ary Hotl> @aldsiae Bays w

experiencing 95th percentile maximum daily
temperatures, or temperatures greater than 95
percent of all days in the baseline period of
record. 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 dayswith
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 daysabove 90°F and 95°F.

Although the average temperature trends
upward, interannual temperature variability

will continue; extremely cold temperatures are
still possible. For example, though Pennsylvania

Key Temperature Findings

Temperatures are already rising and will
continue to rise in Pennsylvania.  Although
temperatures will continue to be variable year
to-year, average annual temperature

statewide is expected to increase by 5.9°F
(3.3°C) by mid -century and 9.4 °F (4.6°C) by
end of century from a baseline time period of
1971062000. Average annual temp  erature has
already risen approximately 1.2°F from 2000 to
2020.

Increasing average temperatures will cause

more frequent and intense extreme 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 5 days at baseline to 37 days by mid -
century and 61 days by end of century . Some
parts of the state could experience over 60

days over 90 °Fby mid -century . Days over 95°F
are projected to increase from an average of

0.6 days ove r 1971-2000 to 11.5 days by mid -
century and 30.5 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.

has been warming the past decade, the 201%2018polar v ortex created extremely cold
conditions for weeks. 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,
as shown in Figure 6 and Figure 7. For all

months, average daily temperatures are projected

to increase by 4.0to 8.0°F (2.2to 4.5°C)mid -
century and 6.4 to 12.4°F (3.60 3.9°C) by the

Temperatures Are Already Warming

Bet ween 2000 and 2020,
average temperature rose  1.2°F. The months of
May, September, and October saw the

greatest warming.

end-of-century, with greatest warming in the summer season. Average monthly high

I The mid-century projection is 0.5°F higher than in the 2015impacts assessment probablybecause of small
methodological differences in statistical downscaling techniques, the set of global change models used, or in
historical baseline datasets. Together these factors can produce differences of 0.5F.



temperatures will also increase. The southern corners of the state are projected to experience the
highest temperatures in both the near and long terms, while the northwest could see the
greatest change.

Annual Average Temperature (°F)

Near-term (2011-2030)

/’ Observed (1971-2000)

End-of-century (2070-2099)

43 - 47°F
47 -52°F
[ 52-56°F
B s6-61°F
W s1-65F

Figure 6. Observed and projected annual average temperatures in Pennsylvania

Based on 50 th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5. The full range of
observed and projected values is shown divided into equal increments.

Average Annual Temperature Projected Change
Mid-century (2041-2070)

End-of-century (2070-2099)

0-2°F
2-4°F
4-6°F
M 6-s°F
M s-10°F
B 10+F

Figure 7. Projected change in average annual temperature from the historic p eriod
Based on 50th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5

Increased Number and Temperature of Hot Days

The Commonwealth is expected to see an increase in the frequency and intensity of hot days.
From 1971 to 2000, on average aoss the state, there were 5 days above 90°F per yedmBy mid -
century, there are projected to be 37 days with temperatures over 90°F per year on average
across the state, and over 60 days in several areas. And by enaf-century, the state is projected
to experience an average of 66 days per year with temperatures exceeding 90°F. Compared to

2 Days above 90, 95, 100, 105 are when the daily high temperature reaches or exceeds those thresholds.



the baseline, these future projections represent a 630% increase by migentury and nearly a
1,200% increase by enebf-century.

Pennsylvania is also eXpeCted to eXpe'rence a Warming Has Been Greater at Night than

similar trend in annual numbers of days where During the Day

temperatures exceed 95°F. While rare historically =~ Average nighttime temperatures have

(less than once per year, on average), days above increased faster than average daytime .

95°F are proiected to occur about 12 times per temperatures. From 2000 to 2020, the warming
F_) J ) p trend was 0.4°F per decade during the day

year by mid -century and 31 times per year by and 0.7°F per decade during the night. 3

end-of-century. The warmest parts of the state

could experience up to 37 days éove 95°Fby 2050.

In addition to high daytime temperatures, the Commonwealth could also see more days where
nighttime temperatures do not fall below 68°F | a key threshold for infrastructu re and human
health cooling relief. The number of days with minimum temperatures above 68°F is projected
to increase from an average of 3.6 days (baseline) to 25 days by migentury and 48 days by the
end-of-century.

Average Annual Number of Days with Temperatures >90°F

Observed (1971-2000) | Mid-century (2041-2070) | End-of-century (2070-2099)
P~

—_ g —
L]

%

0-21 days

21-41 days

41-62 days
. 62-82 days
B 52-103 days

Figure 8. Observed and projected annual days with temperatures above 90°F

Based on 50 th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5. The legend shows the
full range of observed and projected values divided into equal increments.

The projected increase in temperature can also be expressed in the temperature ranges that

define hot days. In addition to an increase in frequency of hot days shown in the temperature

UEOT T wOT EVWET I DOT Uw? Yl Uawl OU» wEOEwW? 1 R Uetdtiéhioda wi O0U-
Yl Uawl OU2 wPbUwoOPOIl QawlOwUT i UwdOYT UwUDOI 6 wnuOUwi REO
defined as occurring less than 5% of the time) on average in Pennsylvania, have been any

temperature above 85.4°F. By midE1 OUUUa OwUT 1 weratute théeshbldidprojedied © x

be 92.5°F, and by endof-E1 OUUUA OwNt 8t S%E w2DOPOEUOGaAOW? I BUUI O Oa
1% of the time) will also be substantially hotter. Historically (1971¢1 YYY AOw?1 ROUI Ol Oa wl ¢
were, on average acrossthdJ UEUT QOWEEa UwbDUT wUI Ox1 UEUUUI Uwg wNY 8 huS
projected to be days > 97.6°F by midcentury and days >101.6°F by endof-century.

3 National Centers for Environmental Information. Climate at a Glance - Statewide Time Series. NOAA.
https://www.ncdc.noaa.gov/cag/statewide/time -series


https://www.ncdc.noaa.gov/cag/statewide/time-series

'l UPETI UwbOEUI EUDPOT wi RUUT O wUI Ox1 UECUUUT wep?VYIi Uawl OU
number of days experiencing historical extreme temperature thresholds is projected to increase.

Figure 9 highlights the map of observed and projected days with historical ? YT Ua withOU > wopN kK
percentile) temperatures across the Commonwealth. Particularly in the south -western region of

the state, by mid-E1 OUUUa OwUT I wOUOET UwdOi wEEaUwl Bx1 UPI OEPOT wi
(on average 85.4°F across the state) is projectetbe at least 70 days.

Annual Baseline “Very Hot” Days

= Observed (1971-2000) Mid-century (2041-2070)

18 —31 days
31—44 days
44 - 57 days
B s57-70days
B 70-234ays

Figure 9. Observed and projected annual days with "very hot" temperature s
Based on 50th percentile of 32 -mo d e | ensemble of LOCA downscaled dat a, RCP 8
threshold varies by grid cell, based on theSthpercentile of observed day3h@® maxi mum t

legend shows the full range of observed and projected values divided into equal increments.

OOUT 1T UwPOEPEEUOU WO w/ 1 OO6UAOYEOPEZ UwbPEUODPOT WEOPOE
cooling degree days, and growing 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 go down and cooling degree days go up.

Annual total heati ng degree days are anticipated to decrease by 22% by migcentury and 33%
by end-of-century compared to the baseline. Annual total cooling degree days, however, are
projected to increase by almost 150% by midcentury and by 260% by end-of-century. Figure 10
illustrates the shift in heating and cooling degree days in Pennsylvania.

https:/mww.eia.gov/energyexplained/units -and-calculators/degree-days.php.


https://www.eia.gov/energyexplained/units-and-calculators/degree-days.php

Annual Cooling Degree Days (degree days)
l/] Observed (1971-2000) /] Near-term (2011-2030)

137 - 681 degree days

681 - 1226 degree days
I 1226 - 1770 degree days
B 1770- 2315 degree days
B 2315 - 2859 degree days

Annual Heating Degree Days (degree days)
Observed (1971-2000)

Near-term (2011-2030)

F 1

Mid-century (2041-2070) End-of-century (2070-2099)
1BSE

- b

' ‘w’ v ‘
‘ o - -+ 2889 — 3973 degree days
o : 3973 — 5057 degree days
¢ © | B 5057 - 6141 degree days
| | Il 6141-7225 degree days

. 7225 - 8309 degree days

Figure 10. Observed and projected annual cooling and heating degree days

Based on 50 th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5. The legend shows the
full range of observed and projected values divided into equal increments

Increasing temperatures will 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 pestsz WE 1 Y1 O GroWirig Qdg@e days are measured here as
the annual number of degree days where the average temperature is greater than 50°F. Growing
degree days are a good indicator for the length of the growing season, but they are not a direct
correlation. Growing degree days are increasing across the state, but the magnitude of growing

s/ 1 O0O2U0EUI w$RrUI OUPOOBwWI YI YEwW?4OEI UUUEOGEDPOT waUOPDOT w#l 1T UIT 1T L
https://extension.psu.edu/understanding -growing -degree-days.



degree days varies by region (seeFigure 11). Growing degree days are historically highest in the
Southeastern corner of the state, which will continue to experience the highest number of
Growing Degree Days by mid -century. On average, the state is projected to see a 50% increase
in growing degree days by mid -century (see Figure 11). By end-of-century, growing degree
days are projected to increase by 81%Figure 12 visualizes how monthly cumulative growing
degree days are project to increase across all time periods analyzed.

Average Annual Growing Degree Days

/\ Observed (1971-2000)

Mid-century (2041-2070)

1592 — 2332 degree days

h 2332 - 3037 degree days
) [T 3037 - 3813 degree days
™ [ 3813 -4554 degree days
[l 4554 - 5294 degree days
Figure 11. Observed and projected average annual growing degree days
Based on 50 th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5. The full range of

observed and projected values is shown divided into equal increments

1200
2025 10th Percentile 2055 10th Percentile 2085 10th Percentile
===-=-- 2025 S0th Percentile 2055 S0th Percentile ------- 2085 90th Percentile
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1000
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©
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Figure 12. Observed and projected average monthly cumulative growing degree days
Based on 32 -model ensemble of LOCA downscaled data, RCP 8.5 . Values for 2025 represent all years 2011 &

2040, those for 2055 represent 2041 82070, and those for 2085 represent 2070 82099. Values are statewide
averages.

Observed and Projected Temperature Data

Table 2 summarizes statewide average projections for temperature variables under RCP 8.5.
Projections under the lower RCP 4.5emission scenarioare provided in Appendix C. The
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statewide average for the 10th to 90th percentile range is included to illustrate the spread in
projections and highlight the range of possible outcomes.

Table 2. Statewide average observed and projected temperature variables

end -of-centu ry

Average annual
temperature (°F)

Average annual minimum
temperature (°F)

Average annual maximum
temperature (°F)

Heating degree days
(degree days)

Cooling degree days
(degree days)
oVery hoté
percentile) temperature
(°F)

Days with temperature

above overy ho
temperature (°F)

(95

OExtremely hot
percentile)

temperature(°F)

Days above baseline
oextremely
temperature

hot

Days with temperature
>90°F

Days with temperature
>95°F

Days with temperature
>100°F

Days with low temperature
> 68°F

Consecutive days above
90°F

Consecutive days above
95°F

Growing degree days
(degree days)

Note: Projections are based a 32
are the median value

Observed
Baseline
(197162000)

48.3

37.6

58.9

6,600

483

85.4

18.3

90.1

3.7

51

0.6

0.0

3.6

1.4

0.1

2,472

Mid -Century (2041 62070)

Projected 50th
Value Percentile
(10th 390th Absolute
Percentile) Change
54.1 5.9
(52.7855.9)
43.4 5.9
(42.1845.2)
64.9 6.0
(63.1666.9)
5,165 -1,435
(4,695 85,503)
1,185 703
(959081,432)
92.5 7.1
(89.9096.6)
69.7 514
(51.1880.1)
97.6 7.5
(94.75103.2)
35.1 314
(19.7850.3)
37.0 31.9
(22.0851.2)
12.1 115
(5.1826.9)
2.4 2.4
(0.6 - 11.6)
25.0 21.4
(18.6336.5)
6.2 4.8
(1.8612)
2.4 2.3
(0.285.3)
3,698 1,226

(3,35154,033)

for mid -century and

End-of-Century (2070 82099)

Projected 50th
Value Percentile
(10th 890th Absolute
Percentile) Change
57.6 9.4
(54.90860.0)
46.8 9.2
(44.5849.3)
68.2 9.3
(65.7871.3)
4,430 -2,170
(3,84804,978)
1,722 1239
(1,28382,274)
96.7 11.2
(92.16103.5)
98.6 80.3
(71.26114.2)
101.6 11.5
(96.606107.9)
65.1 61.4
(34.3887.9)
65.5 60.5
(35.8889.0)
31.1 30.5
(10.0862.0)
9.3 9.3
(1.5 -34.8)
47.7 44.1
(30.6872.4)
11.4 10.0
(4.6827.2)
4.9 4.8
(1.2813.7)
4,482 2,010

(3,86535,145)

-model ensemble of LOCA downscaled data, RCP 8.5. Values reported

11

of the 32 -model ensemble and the 10th and 90th percentile values across models.



2.2.2 Precipitation

In the coming century, precipitation patterns will change across the Commonwealth. While
climate models generally agree that temperature will increase over the century, there is less
consensus in low precipitation will change because it is more difficult to model. Limitations in
statistical downscaling techniques make it

difficult to project extreme precipitation values. Key Precipitation Findings
The LOCA method was developed to improve 1 Extreme rainfall event s are projected to
OOE] OU Z W EEDODUa wlhéiesdats: 0 increase in magnitude, frequency, and

. - . ' intensity.
.however,. the LO(?A method remalns limited in | e dR dEys Ee e
its capacity to project changes in extreme increase.
precipitation in variables like rainfall intensity. 67 I Overall, Pennsylvania could see more total
For example, significant differences across La'“fa"’ but OCCUt”'”g in more spaced  -out

.. . . eavy rain events.

datasets (g.g., preIC|p|tat|on.observat|on dat?. Most increases in precipitation will occur in
taken at different times at different observation the winter and spring months.

stations, leading to temporal misalignment for

observations assumed between stations) lead to significant uncertainty in projections based on
those observed datd uncertainty that should be taken into account in clim ate resilience
planning.8

Like temperature projections, precipitation projections are reported by the 10 th, 5ah, and 9th

xI UET OUPOI wOi wUT T wi OUUUT wxUlI EPxPDUEUDPOOWYEUDEEOI Uz
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.

Climate models project that the Commonwealth will see an increase in average annual

precipitation, extreme precipitation events, and drought, EUWE OUT w? Y1 Uawi T EYa? wx Ul
events and consecutive dry days increase.Pennsylvania could experience more total average

rainfall, occurring in less frequent but heavier rain events.

¢/ Pl UETl Ow#8Ow" EAEOOwW# B OWEOEwW3T UEUT T UOw! Bwl YKl w?2UEUDUUDEE
@+ . " JéuinalefiHydrometeorolog¥5 (6): 255885. https://doi.org/10.1175/JHM-D-14-0082.1

7 Lopez-Cantu, T., Prein, A. F., and Samaras, C. 2020Uncertainties in Future U.S. Extreme Precipitation From

Downscaled Climate Projections."” Geophysical Research Letters 47 (9).
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019GL086797; Oyler, J. and Nicholas, R.E. 2017. "Time of

observation adjustments to daily station precipitation may introduce undesired statistical issues." International

Journal of Climatology 38 (S1). https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.5377

8 Lopez-Cantu, Prein, and Samaras. 2020?Uncertainties in Future U.S. Extreme Precipitation from Downscaled

Climate Projections.» O w. an®NidHolas. 2017. "Time of observation adjustments to daily station precipitation

may introduce undesired statistical issues."
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Finally, precipitation changes could include more precipitation falling as rain rather than snow,
as well as increased snowmelt? which could affect flooding and other hazards. 1°

Increased Average Precipitation

Pennsylvania has already been getting wetter. Between 2000 and 2020, Pennsylvania
experienced an increase in annual precipitation of approximately 4.6 inches compared to the
19714 2000 period*(seeFigure 13).12May, June, and October saw the greatest increases in
precipitation .

Pennsylvania Precipitation
2000-2020 Trend

(+2.30 in/Decade)
65.00in7 r 1,651.00 mm

60.00 in-| - 1,524.00 mm
55.00 in+ 1,397.00 mm

50.00 in+ 1,270.00 mm

o /\\\ / £\ | A //
40.001in7 \/\/ \ V e \ F1,016.00mm

35.00 inH - 889.00 mm

30.00in T T T T 762.00 mm
197 981 1991 2001 201 2020

Figure 13. Annual precipitation in Pennsylvania 197162020

Source: National Centers for Environmental Information. Climate at a Glance - Statewide Time Series.

Annual average precipitation is projected to continue to increase. Pennsylvania will likely
experience a small (8%)increasein annual precipitation by mid -century and slightly greater
(12%) increase by endof-century compared to the observed historical baseline (197%2000). The
mid -century projection is essentially the same as that from the 2015 assessmerig Historical ly,
average annual precipitation was 44 inches (1,105 mm). Average annual precipitation is

9 Pennsylvania Emergency Management Agency (PEMA)8 wl Y huWé w? 1 B U Dips:/ddiivip.tbm/ésk OU 8 » w
assessment/

10 DEP. 2020 IA.

11 National Centers for Environmental Information. Climate at a Glance - Statewide Time Series. NOAA.
https:/mww.ncdc.noaa.gov/cag/statewide/time -series

12 National Centers for Environmental Information. Climate at a Glance - Statewide Time Series.

B3/ ] OOVUAOYEDOPEW2UEU]T wadbYI UUPVawm/ 24 A8 wl Yukdw?/ 1 OOUAOYEDDE!
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projected to increase to 47 inches (1,198 mm) by migcentury, and to 49 inches (1,232 mm) by
end-of-century.

Monthly precipitation patterns are also projected to sh ift slightly over the century. Most
increases in precipitation will occur in the winter and spring, with future precipitation

conditions remaining similar to historic patterns during summer and fall (seeFigure 15). This
seasonal pattern of projected precipitation change is consistent with numerous past studies for
the Commonwealth. 4 The range in monthly total precipitation values shown across models
indicates the variability and uncertainty in precipitation projections (seeFigure 15).

Figure 14. Observed and projected winter and summer seasonal cumulative precipitation

Based on 50 th percentile of 32 -model ensemble of LOCA downscaled data, RCP 8.5. The legend shows the
full range of observed and projected values d ivided into equal increments.

14 Shortle et al., 2009 IA; Ross et al., 2013 |1APSU, 20151A.
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