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Background

• Fourth in a series of reports mandated by the Pennsylvania Climate 
Change Act (PCCA), Act 70 of 2008

• Prior reports (2009, 2013, 2015)  
• Climate change in PA

• PA climate future

• Impacts of climate change in climate-sensitive sectors agriculture, energy, 
forests, human health, outdoor recreation, water and aquatic resources

• Results based on review of relevant science literature and some 
original work

• Literature on impacts evolves slowly 



2019 Assessment

• Deeper focus on coping with climate change in climate-sensitive 
sectors

• Climate change creates risk management problems

• Managing climate risk requires identifying and characterizing risks 
and identifying and evaluating management options

• Specific risk management decision problems are especially useful 
assessing available information and information needs for risk 
management     



2019 Assessment

• Chesapeake Bay TMDL (Chapters 2 and 3)
• Livestock industry impacts & water quality pressures

• Effectiveness of BMPs

• Watershed management strategies

• Infrastructure (Chapter 4)
• Energy infrastructure

• Flooding

• Extreme precipitation risks (Chapter 5)
• Characterization

• Forecasting
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Figure 7.1: Fourth National Climate Assessment, Volume 1

Overall precipitation has 

increased in 

Pennsylvania, but the 

changes vary with 

season.

Fall precipitation has 

increased dramatically 

(>15%) since 1901.



Figure 7.4: Fourth National Climate Assessment, Volume 1

Extreme precipitation 

has also increased in 

Pennsylvania.



Figure 7.2: Fourth National Climate Assessment, Volume 1

The increases in 

extreme precipitation 

vary with season.

Observed Change in Daily, 20-Year 

Return Level Precipitation

(1901-2016)



Figure 7.5: Fourth National 

Climate Assessment, Volume 1

Overall precipitation 

is projected to 

increase in 

Pennsylvania

for all seasons.

Projected Change (%) in Seasonal 

Mean Precipitation to the

Late 21st Century

2070-2099 relative to 1976-2005

Weighted Multimodel Mean from 

CMIP5 RCP8.5



Figure 7.7: Fourth National Climate Assessment, Volume 1

Extreme precipitation is 

also expected to increase 

over Pennsylvania.

Projected Change (%) in

Daily, 20-Year Extreme Precipitation

Weighted Multimodel Mean from CMIP5 

relative to 1976-2005

“lower emissions” = RCP4.5

“higher emissions” = RCP8.5



Despite increased 

precipitation, soil 

moisture is 

expected to decline 

due to higher 

temperatures.

Projected Change (%) in 

Seasonal Soil Moisture to the

Late 21st Century

2070-2099 relative to 1976-2005

Weighted Multimodel Mean from 

CMIP5 RCP8.5

Figure 8.1: Fourth National 

Climate Assessment, Volume 1



Summary: Precipitation in PA
• Pennsylvania has seen a significant increase in precipitation 
since 1901, with the largest increases (>15%) coming in 
Fall.

• Extreme precipitation events have also increased in 
magnitude since 1901.

• Total precipitation and extreme precipitation are both likely to 
continue increasing in the coming decades (high 
confidence).

• Expected changes in magnitude, seasonality, and variability 
are less well understood. Climate policy and economic 
development pathways pose key uncertainties.

• Despite increasing precipitation, soil moisture is expected to 
decline in all seasons due to higher temperatures.



Climate Change and Livestock Production

• Livestock products account for about two-thirds of Pennsylvania’s 
agricultural product sales

• Most of Pennsylvania farmland is in livestock feed production or 
pasture

• Large-scale livestock production is a nutrient concentrator on the 
landscape, often leading to water pollution

• Adapting to climate change requires an understanding of how 
Pennsylvania livestock production may change



Objectives

1. Make projections for 2050 of potential impacts of climate change 
on the size of Pennsylvania’s livestock industry

• Direct impacts of climate change within Pennsylvania

• Indirect impacts of climate change on livestock industry location decisions 
between Pennsylvania and other parts of the U.S. and world

2. Make projections for 2050 of potential impacts of climate change 
on nutrients from Pennsylvania livestock production



2017 Pennsylvania Livestock Sales

Milk from Cows
40%

Poultry and Eggs
34%

Cattle and Calves
13%

Hogs and Pigs
11% Other Livestock 

Products
2%



Methods

• “Climate analogue” methodology – look at other counties in the U.S. 
whose present-day climate is like Pennsylvania’s future climate

• Statistically analyze how climate impacts county-level inventories of 
dairy cows, beef cattle, hogs and pigs, and poultry, controlling for 
other factors impacting inventories

• Make projections of inventory changes between 2012 and 2050 due 
to climate change

• These projections don’t consider other factors that may be changing 
between now and 2050



Data

• County-level data for the 48 contiguous states on livestock inventories
• Annual farm survey data for 2009-2018

• Census of Agriculture data for 2007, 2012, and 2017

• County-level, monthly climate data for 30-year period (1979-2008)
• Precipitation and maximum daily temperature

• Monthly means (climate normals)

• Monthly standard deviations (climate variability)

• Climate projections from 2015 Pennsylvania Climate Impacts 
Assessment



% Change in Milk Cow Inventory, 2012-2050



% Change in Beef Cattle Inventory, 2012-2050



% Change in Hog/Pig Inventory, 2012-2050



% Change in Poultry Inventory, 2012-2050



% Change in Manure Nitrogen, 2012-2050



% Change in Manure Phosphorus, 2012-2050



Livestock: Main Findings

• Pennsylvania’s poultry inventory could more than double in size

• Much smaller increases in inventory could occur for beef cattle and 
hogs and pigs

• There could be a spatial rearranging of the dairy industry, with 
declines in southeast counties and increases in northwest counties

• Manure nitrogen and phosphorus could increase in almost all 
counties, and significantly in the south-central and southeast

• Could exacerbate water quality issues, especially in the Susquehanna 
and Delaware River Basins



Climate Change Impacts on 

Pennsylvania’s Watershed 

Management Strategies and 

Water Quality Goals

Michael Nassry, Corina Fernandez, Matthew Royer, Jon Duncan, James Shortle

Student Research Contributions: Monioluwa Adeyemo, Anthony Reed, Max Glines



Chapter Overview

Chesapeake Bay TMDL establishes load reductions for 

nitrogen / phosphorus / sediment and requires states 

to develop WIPs to meet these goals

 Expected climate change will increase the 

magnitude and variability of drivers of nonpoint 

source pollution (rain and runoff events)

Climate smart adaptations to nutrient and sediment 

management programs as well as modifications to 

best management practices are needed to build 

climate change resilience into agricultural and urban 

landscapes



Updating BMP Implementation  

Smart BMP placement and 
promoting suites of practices 

Improving BMP 
maintenance and using 
best available modeling

Wallace et al., 2018



Addressing Specific Vulnerabilities 



Key Findings

Climate change will decrease the effectiveness of some 

BMPs and require adaptations to BMP design, placement, 

maintenance.

 Landscape responses to climate change will vary across 

the state and within watersheds, making the identification 

and strategic targeting of critical source areas a 

requirement for cost-effective and efficient BMP 

placement.

Climate change will increase local benefits of BMPs that 

promote resilience in agriculture and keep soil and water 

resources in local watersheds



Future Needs

 Additional research is needed to quantify specific BMP 

treatment efficiencies to changing runoff volumes and 

pollutant loads

Climate resilient BMP design, maintenance and evaluation 

guidelines are needed to better create effective suites of 

management practices

 Updates to modeling and policy are needed to provide 

the best available information and guidelines to land 

managers and decision makers



Climate Change and Pennsylvania’s Infrastructure

Seth Blumsack, Douglas H. Wrenn, Wenjing Su,
Mahkameh Zarakezari, Kelsey Ruckert, and KlausKeller



Extreme Weather and Billion-Dollar Events 

33



Extreme Weather and Billion-Dollar Events 

34



Study Methods

• Review Pennsylvania’s Climate Action Plan and other assessments (e.g., DOE, 

DOD, etc.)

• Assess the most significant risks to infrastructure in Pennsylvania

• Review literature on infrastructure impacts from recent extreme weather specific 

to Pennsylvania and the Northeast region

• Use historical data (spatial and temporal) to analyze/visualize location of  

infrastructure systems subject to extreme weather – e.g., flooding, heat, and 

landslides

35



Infrastructure



Infrastructure is Critical and 
Interdependent

37

Heavy Precipitation 
(Inland Flooding) or 

Storm Surge

Inundation of Energy 
Network Infrastructure 
(Electrical Substations, 
Compressor Stations, 
Liquid Fuel Facilities)

Overwhelmed 
Stormwater

Management 
Infrastructure

Flooding of 
Transportation 
Infrastructure

Landslides

Service Interruptions 
(e.g. electrical 

blackouts)

Stormwater Overflow 
and Interruptions at 

Wastewater Treatment

Transportation System
Damage and Shipping

Impacts

Communication 
System Interruptions

Power for 
pumps

Power for 
switches

Fuel 
deliveries

Power for 
switches, control 
systems

Switches and 
controls

Single events can overwhelm multiple infrastructures with impacts that cascade across 

interconnected systems. Inland flooding, for example, can affect energy, transportation 

and communications systems.



Vulnerability of  Local Electric Distribution (I)

38

• Storms like Irene and Sandy are disruptive to 

electric reliability

• Half  of  those affected lost power for more 

than two days

• Impacts were primarily due to high winds 

and flooding affecting local electric 

distribution (not high voltage transmission)

• Cascading impacts on stormwater treatment 

facilities

DOE, 2013



Vulnerability of  Local Electric Distribution (II)

39

• Heavy precipitation can induce inland flooding 

and landslides. Substations can be particularly 

vulnerable

• Nearly all the major electrical substations in 

Southwestern Pennsylvania lie in an identified 

landslide hazard zone

• Risk assessment for individual substations is 

difficult with existing data and tools
Red dots indicate substations that lie within identified landslide hazard 

zones. Yellow lines indicate transmission wires whose supports lie within 

identified landslide hazard zones.



Vulnerability of  Natural Gas Infrastructure

40

• Landslides, particularly in Southwestern 

Pennsylvania, are an emerging risk for 

natural gas infrastructure

• Even though they are subterranean, 

pipelines may be susceptible to small-scale 

seismic waves associated with landslides

• More research is needed to quantify this 

risk in a way that can inform pipeline safety 

and monitoring requirements

Pittsburgh Post-Gazette



Vulnerability of  Rail Infrastructure

41

• The location of rail infrastructure 

along natural contours increases 

vulnerability to landslides (top) and 

flooding (bottom)

• Slope maintenance needs and 

responsibility are not always clear 

(e.g. Norfolk-Southern v. Pittsburgh)



Property Damage and Loss of  
Life



Regional Comparison

(1) (2) (1) (2) (1) (2)

Event Type

Cold $26.53 0.004 10 0.048 0 0.000

Dense Fog $0.80 0.000 6 0.029 42 0.039

Drought $0.00 0.000 0 0.000 0 0.000

Flood $438.25 0.061 24 0.116 9 0.008

Flood - Coastal $9.06 0.001 0 0.000 0 0.000

Flood - Flash $1,823.56 0.256 37 0.179 10 0.009

Hail $1,151.33 0.162 0 0.000 4 0.004

Heat $0.02 0.000 16 0.077 0 0.000

Heavy Rain $0.87 0.000 2 0.010 0 0.000

Landslide $0.00 0.000 0 0.000 0 0.000

Lightning $18.85 0.003 24 0.116 120 0.111

Waterspout $0.01 0.000 0 0.000 0 0.000

Wind - High $1,045.37 0.147 18 0.087 83 0.076

Wind - Thunderstorm $340.41 0.048 28 0.135 206 0.190

Wind - Tornado $741.58 0.104 22 0.106 320 0.295

Winter Weather $1,530.89 0.215 20 0.097 291 0.268

Total

Property Damage Fatalities Injuries

Notes: This table shows weather-related property damages, fatalities, and injuries, by event type, for Ohio for the period 1996-2018. 

All property damages are listed in millions of $2018. For fatalities and injuries, column one lists the totals by event type, and the 

second column gives the share associated with each event type. All results are based on data from NOAA's storm events database for 

the state of Ohio 1996-2018.

1,085$7,127.54 207

43

Pennsylvania Ohio



Time Trends
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Property Damage Fatalities
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Fatalities
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Time Trends by Event Age Distribution by Event
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Total ($1M) Per Capita ($Annual)

Property Damages



Flood Risk and Property Damage
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Key Conclusions

• Flooding (from extreme precipitation or coastal storms) likely poses the greatest climate-related 

risk to Pennsylvania’s infrastructure, but drought and extreme heat are also relevant considerations 

for adaptation

• Flood-related damage is likely to be localized in nature, with variable potential for local events to 

cascade into larger disruptions 

• Large portions of  Pennsylvania’s infrastructure are in areas susceptible to damage from flooding 

and landslides

• Adaptive planning for infrastructure happens at multiple scales and is at multiple stages of  

maturity. Stormwater management (state/local level) has been more adaptive and anticipatory than 

planning for power transmission and distribution (regional/national level)
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