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INTERGOVERNMENTAL PANEL ON ClimaTe change

Global Warming of 1.5°C

An IPCC special report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways, in
the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty.
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Impacts, Risks, and Adaptation in the United States
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Hurricanes in a warming world...
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Abstract

The National Weather Service of the United States uses the heat index—a combined measure of
temperature and relative humidity—to define risk thresholds warranting the issuance of public heat
alerts. We use statistically downscaled climate models to project the frequency of and population
exposure to days exceeding these thresholds in the contiguous US for the 21st century with two
emissions and three population change scenarios. We also identify how often conditions exceed the
range of the current heat index formulation. These ‘no analog’ conditions have historically affected
less than 1% of the US by area. By mid-21st century (2036—2065) under both emissions scenarios, the
annual numbers of days with heat indices exceeding 37.8 °C (100 °F) and 40.6 °C (105 °F) are
projected to double and triple, respectively, compared toa 1971-2000 baseline. In this timeframe,
more than 25% of the US by area would experience no analog conditions an average of once or more
annually and the mean duration of the longest extreme heat index event in an average year would be
approximately double that of the historical baseline. By late century (2070-2099) with a high emissions
scenario, there are four-fold and eight-fold increases from late 20th century conditions in the annual
numbers of days with heat indices exceeding 37.8 °C and 40.6 °C, respectively; 63% of the country
would experience no analog conditions once or more annually; and extreme heat index events
exceeding 37.8 °Cwould nearly triple in length. These changes amount to four- to 20-fold increases in
population exposure from 107 million person-days per year with a heat index above 37.8 °C
historically to as high as 2 billion by late century. The frequency of and population exposure to these
extreme heat index conditions with the high emissions scenario is roughly twice that of the lower
emissions scenario by late century.

Introduction

For much of the contiguous United States, the frequency of extreme heat events has been increasing since the
mid-1960s (Abatzoglou and Barbero 2014, Vose etal 2017) and the number of high temperature records has
outpaced the number of low temperature records, particularly since the mid-1980s. Cities throughout the
country have experienced not only more frequent extreme heat over the last 60 years, but also more intense and
longer-lasting heat waves (Habeeb et al 2015), although the metric by which ‘heat wave’ is defined can influence
whether or not a trend is detectable (Shiva et al 2019). Trends in daytime heat extremes over the past century
across the US show a lack of long-term trends (Peterson ef al 2013a). Hypothesized reasons for the lack of longer-
term trends in heat extremes in the US are tied to land-surface feedbacks that modify the ratio of sensible to
latent heat flux. For example, chronically dry land-surface conditions and higher Bowen ratios during the 1930s
Dust Bowl are hypothesized to have promoted stronger warming of daytime temperature extremes across much
of the central US (e.g., Abatzoglou and Barbero, 2014), while increased cropland intensification across portions

© 2019 The Author(s). Published by IOP Publishing Ltd




About the Killer Heat analysis

* High-resolution climate models

* Use temperature and humidity to
calculate heat index

e Three future emissions scenarios

* Data for every community in the
lower 48
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About the Heat Index

Temperature (°F)
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. Off the Charts

Off the Charts

Heat index formula becomes
invalid with extreme temperature
and humidity combinations

that will increasingly result from
global warming
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Heat Index
Above 90°F

Outdoor workers become
more susceptible to heat-
relatedillness.

Heat Index
Above 100°F

Children, elderly adults,
pregnant women, and
people with underlying
conditions are at
heightened risk of heat-
related illness.

Heat Index
Off the Charts

Undetermined: any level
of exposure is presumed
extremely dangerous
for all people and likely
to result in heat-related
illness or even death.



Midcentury (2036-2065): Steep increase in extreme heat

Historical Midcentury No Action

>50-100 [} >100-200
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Late century (2070-2099): Unprecedented heat

Off the
Charts
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Annual Days of Extreme Heat Per Year in West Virginia’s 2nd District

By late century, if we
Heat index above Historical By midcentury By late century  limit warming to 2°C

90 O F days days days 5 days

par year per year per year per year

100°F ---
105°F ---

With no action to reduce global heat-trapping emissions, the average frequency of extreme heat in this district would rise as shown here. Taking rapid
action to reduce emissions and cap future global warming at 2°C (3.6°F) would limit the increase in extreme heat days. For more information and
detailed data, visit www.ucsusa.org/killer-heat.




Lewis County, WV

If we fail to reduce heat-trapping
emissions, by midcentury Lewis County
would experience an average of 67 days
per year with a heat index above
90°F.

This includes:
= 24 days with a heat index above 100°F
= 10 days with a heat index above 105°F

T

Parkersburg

‘Harri b urg

Midcentury (2036-2065), no action

Average days per year with
heat index above 90°F

101 - 203

51-100
26 - 50
11-25
1-10
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* Failing to take action to reduce emissions
would lead to a staggering expansion of
dangerous heat.

* Aggressively reducing emissions could
contain that expansion.

e The time to act is now.
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: Adaptation: : Mitigation:

Keeping People Safe in the Immediate Reaching net zero emissions by 2050
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Mitigation: Reaching net zero emissions by 2050

Transitioning away from fossil fuels
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Mitigation: Reaching net zero emissions by 2050

Shifting to cleaner vehicles
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Mitigation: Reaching net zero emissions by 2050

Building a clean energy economy
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Mitigation: Reaching net zero emissions by 2050

Ensuring Fairness to Coal Country
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(#= BLUEGREEN

Bold Vision

* BlueGreen Alliance is a coalition
of 6 labor unions and 8
environmental organizations on
a mission to Create Good Jobs, a
Clean Environment, and a Fair
and Thriving Economy

* Vision addresses twin crises of
climate change and income

inequality UG I CWA (g
= W QO G [
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A Path Forward for Coal Country

* Open and Honest
Reckoning with Reality

We must ensure fairness to * Planning for the Future

the workers in fossil fuel with Real Engagement
industries and the from Affected People

communities that depend * Massive investments in
place-based and

on them. : )
community-driven
solutions
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U.S. monthly electricity generation from selected sources (Jan 2005-Apr 2019)

million megawatthours
200
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Coal in Decline
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Electricity generation from natural gas and renewables increases, and
the shares of nuclear and coal generation decrease—

Electricity generation from selected fuels
(Reference case)
billion kilowatthours
2018
6,000 1,800 2018

history | projections

Renewable electricity generation, including
end-use (Reference case)
billion kilowatthours

1,600 history, projections

5,000
natural gas 1,400
4.000 renewables 1,200 wind
nuclear geothermal
3.000 ) coal 1,000 13% hydroelectric
' 800
2,000 600
400
1,000
200
0 0 I I T T 1
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

U.S. Energy Information Administration #AEO2019 = www.eia.gov/aeo



Planning and Community Engagement

* POWER Initiative: Partnerships for Opportunity and Workforce and
Economic Revitalization

 Since 2015, the Appalachian Regional Commission has invested over
$148 million in 185 projects touching 312 counties

* Together, these investments are projected to create or retain more
than 17,500 jobs, create or improve more than 7,200 businesses, and
leverage more than $772 million in additional private investment into
Appalachia's economy.
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Economic Studies THE CLIMATE AND ENERGY

at BRODKINGS ECONOMICS PROJECT

Massive Investments

* Federal government will need to
make |arge investments in Worker BUILD A BETTER FUTURE FOR COAL WORKERS
training and community economic Gl AR
development in Coal Country

* A small portion of revenue
generated from a price on carbon
could support these critical needs

Union of o e ADELE C. MORRIS
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SUMMARY OF RECOMMENDATIONS

A JUST AND FAIR TRANSITION |27 T

FOR CANADIAN COAL POWER
WORKERS AND COMMUNITIES

Task Force on Just Transition for Canadian Coal Power
Workers and Communities

December 2018

1. Develop, communicate, implement, monitor, evaluate, and publicly report on a just transition plan
for the cozl phase-out, championed by a lead minister to owerses and report on progress.

2. Include provisions for just transition in federal environmental and labour legislation and regulations,
gz well as relevant intergovernmental agreements.

3. Establish a targeted, long-tarm rasearch fund for studying the impact of the coal phase-out and the
transition to a low-carbon econamy.
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PRORTS:

4. Fund the establishment and ocperation of locally-driven transition centres in affected coal
Communities.
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5. Create a pension bridging program for workers who will retira earlier than plannad due te the coal
phase out.
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6. Create a detailed and publicty available imentary with labour market information pertaining te coal
waorkers, such as skills profiles, demographics, locations, and curment and potential emphoyers.

1. Create a comprehensive funding program for workers staying in the labour market to address their
needs across the stages of securing a mew job, including income support, education and skills
building, re-employment, and mabiliby.
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8. |dentify, prioritize, and fund locl infrastructure projects in affected communities.

COMBMUNITY PLANMING, COLLAECRATION, DIVERSIFICATION, AND STAEBILIZATION:

-
LA

9. Establish a dedicated, comprehensive, inclusive, and flexible jst transidon funding program for
affected communities.

10. Mest directly with affected communities to leam abeut their local priorities, and to connect them
with federal programes that could suppart their goals.
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Extra slides



Study: 92% of 2008-2016 coal decline
from falling prices for natural gas

Million Short Tons

2005 2010

e a1 Production ishort tons)
Change in Matural Gas & Coal Pripes Clean Air Act Regulations - Aenewable Portfolio Standards

U B f Change in Bectricity Demand Change in MW R Ton Aedidual Changs in Coal for Elac.
nion O
[Concerned SCientiStS Change in Metallurgical Coal - Change in Met Exports Change in Industrial & Other

Sources: EIA Form 923, Electric Power Monthly, ELA AP, FRED.




| AZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 12.0

Levelized Cost of Energy Comparison—Alternative Energy versus Marginal Cost of

Selected Existing Conventional Generation

Certain Alternative Energy generation technologies, which became cost-competitive with conventional generation technologies several years
ago, are, in some scenarios, approaching an LCOE that is at or below the marginal cost of existing conventional generation technologies
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Carbon Capture

and Sequestration -
enfranced 60, fjecticn i
il FECEVER
* Technology that could be ‘\i . deept

retrofitted to emitting facilities

* A few examples in commercial
operation (e.g., Boundary Dam)

* High profile failures (Kemper)

* Costs are prohibitive; 90% R Physical
capture costs 2/3 more than i Yo &, _under caprock
coal without CCS ® sand Mineral (== LSS

o (storage unit) formation

* RD&D essential: will be needed > Carbondioxide  reaction

f . d t . | r e55eS that <D Native groundwater _ CO. dissolvin
Oor Industria p OC <> Carbon-bearing mineral Trapping of 2 9

are hard to decarbonize separated TEOrweier

droplets



Figure 4: U.S. Fossil Fuel Subsidies by Energy Type, Figure 5: U.S. Fossil Fuel Subsidies by Stage of Production,
2015-2016 2015-2016

3%

B QOil & Gas M Coal B Cross-cutting M Extraction ™ Remediation* M Exploration
M Electricity Production & Distribution M Transport & Processing




Agriculture
9%

Commercial &
Residential
12%




2100 WARMING PROJECTIONS ﬂ

Emissions and expected warming based on pledges and current policies
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How are we doing?




U.S. 2018 Billion-Dollar Weather and Climate Disasters @

Western Wildfires,
California Firestorm
Summer-Fall
2018

Central and Eastern
Tormadoes and Severe Weather
July 19-22

Mortheast
Winter Storm
March 1=3

'1I Il_ﬂ.u' IIr. [f]
’/ Wiy Central and Eastern
. — - Severe Weather
Rockies and / May 13-15
Plains Hail Storms L J
August 6-7 Wil
v Northeastern and

Eastern Winter Storm

Southwest/Southern January 3-5

Plains Drought
2018 Hurricane Florence
September 13-16

Central and Northeast
Severe Weather
May 1-4

Colorado Hail Storm ®
June 18-19 Southern and Eastern Southeastern Tornadoes
Tornadoes and and Severe Weather

TE}-CEIE Ha” St{}rm Severe Weather Hr'::;gﬁ:;le Maﬂ:h 18-21
June © April 13-16 October 1011

This map denotes the approximate location for each of the 14 separate billion-dollar weather and climate disasters that impacted the United Stafes during 2018




Why did we do this analysis?

HRRR 2m Temperature (°F)
Init 2019/10/02 12Z | 1032 Valid Thu 16EDT, Oct 03, 2019
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About the scenarios

=== No Action (7.7°F/4.3°C)
Slow Action (4.3°F/2.4°C)
Rapid Action (3.6°F/2°C)
Historical
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Cities with frequent, dangerous heat
Midcentury No Action

Cities Experiencing Heat Index >105°F

® More than 30 Days per Year
® More than 30 Days per Year, Historically
Fewer than 30 Days per Year
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Taking action now limits expansion of extreme heat

Late Century No Action Late Century Rapid Action

’
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.V

°

°
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0,0

Cities Experiencing Heat Index >105°F

® More than 30 Days per Year
® More than 30 Days per Year, Historically
Fewer than 30 Days per Year
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Keeping people safe

* Improved heat early-warning systems
» State/local heat adaptation and emergency reponse plans
* Cooling standards for public housing

* |nvestments in community cooling infrastructure, trees,
shading, cool roofs

e Bill assistance programs for low-income households
* |nvestments in heat- and climate-smart infrastructure
 Reforming utility disconnect policies

Union of . o
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Athen

ington Rapid action, global warming
Akl limited to 3.6°F (2°C)
Average days per year with
heat index above 90°F
101 - 203

51-100
26 - 50
11-25
1-10
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Resources

Lots of localized info at

Interactive maps

2099), no action on
climate change

Average days per year
with heat index above
105°F

[ 101-203

51-100

. 26 - 50
St. Louis County, MO

: 11-25
If we fail to reduce heat-trapping
emissions, by late century St. Louis 1-10
County would experience an average of
64 days per year with a heat index 0
above 105°F.

This includes:

¢ 13 days with an off-the-charts heat
index

Union of . o
[Concerned Scientists

Interactive data widget

Extreme Heat & Climate Change

This tool shows the rapid increases in extreme heat projected to occur in locations across
the US due to climate change. Results show the average number of days per year above a
selected heat index, or “feels like” temperature, for three different time periods: historical,
midcentury, and late century.

The results highlight a stark choice: We can continue along our current path, where we
fail to reduce heat-trapping emissions and extreme heat soars, or we can act decisively now
and stop the worst from becoming reality.

TYPE IN YOUR LOCATION (CITY OR COUNTY) CHOOSE HOW HOT

Q Above 100°

+ Spreadsheets with all the data
+ Spanish language webpage and materials


http://www.ucsusa.org/killer-heat
https://es.ucsusa.org/nuestro-trabajo/calentamiento-global/calor-fatal-estados-unidos
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