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Overview

e Climate Science
— Evidence
— Impacts

 Short Lived Climate Forcers
e Taking Action



(&} Climate Change is Real

e The evidence is clear — the
unprecedented buildup of
CO, in our atmosphere is
causing global and U.S.
temperatures to warm with
cascading climatic changes.

e These changes are impacting
society now and are expected
to become more disruptive as
CO, levels continue to rise.

e Qur lives are connected to the
climate and we can reduce
the risks we face from climate
change.

Rate of Temperature Change in the United States, 1901-2012

Rate of temperature change (°F per century):
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Data source: NOAA (] | Oceanic and heric Administration). 2013. National Climatic Data Center. Accessed
April 2013. www.ncdenoaa.govioa/ncdehtml.

For more information, visit U.S. EPA's "Climate Change Indicators in the United States" at www.epa.gov/dimat-
echange/indicators.
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What do we know about climate change? Quite a lot, actually.  This is a subject that scientists have been studying for decades, and the scientific data are strong and compelling.  

Several new climate assessment reports have been released in 2013 and 2014 that confirm that the climate is changing, that humans are contributing, and that taking action will reduce the risks we face in the future. This presentation pulls from these reports to give an overview of how our climate is changing  now, and what we can expect in the future. 

The Intergovernmental Panel on Climate Change’s Fifth Assessment Report (AR5), covers the lates research on the physical science of climate change, global climate impacts, and global mitigation  and adaptation opportunities.  These reports were developed by thousands of experts from multiple countries, and withstood a rigorous peer review process as well as review by member governments. More American scientists participate in IPCC than from any other nation, and several EPA experts were involved as authors and reviewers on the report.  

The Third National Climate Assessment was compiled by 300 expert authors and a 60 member federal advisory committee. The report summarizes the latest research on the impacts of climate change on the United States, now and in the future.

In May 2014, EPA also released an updated version of the report, Indicators in the United States, that compiles observed data on environmental trends in the U.S. (and some global trends) to show the changes we have seen over the past several decades and more.  This report clearly shows the changes that are happening now in our environment and our communities. 

This presentation largely draws on information presented in the National Climate Assessment, and EPA’s Climate Indicators report. 


Ten Indicators of
A Warming World

Air Temperature Near Surface (Troposphere)

Water Vapor

Glaciers and Ice Sheets

Temperature Over Oceans
Snow Cover

Sea Surface Temperature / \ J

Sea Level

W

' Temperature Over Land
Ocean Heat Content ..‘
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What are these reports telling us? The data show that the world is warming. Climate change is no longer something to be expected in the future--but is occurring now. Americans are already feeling the effects of increases in some types of extreme weather and sea level rise.  
 Impacts are apparent in every region and in important sectors including health, water, agriculture, energy, and more. 

These are just some of the indicators measured globally over many decades that show that the Earth’s climate is warming. White arrows indicate increasing trends; black arrows indicate decreasing trends. All the indicators expected to increase in a warming world are increasing, and all those expected to decrease in a warming world are decreasing. (Figure source: NOAA NCDC, based on data updated from Kennedy et al. 2010).
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Global annual average temperature (as measured over both land and oceans) has increased by more than 1.5°F (0.8°C) since 1880 (through 2012). Red bars show temperatures above the long-term average, and blue bars indicate temperatures below the long-term average. The black line shows atmospheric carbon dioxide (CO2) concentration in parts per million (ppm). While there is a clear long-term global warming trend, some years do not show a temperature increase relative to the previous year, and some years show greater changes than others. These year-to-year fluctuations in temperature are due to natural processes, such as the effects of El Niños, La Niñas, and volcanic eruptions. (Figure source: updated from Karl et al. 20091).
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The last five decades have seen a progressive rise in the Earth’s average surface temperature. Bars show the difference between each decade’s average temperature and the overall average for 1901-2000. (Figure source: NOAA NCDC).

[Worldwide, 2001-2010 was the warmest decade on record since thermometer-based observations began. ] (from Indicators report)
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Map shows numbers of days with temperatures above 100°F during 2011. Black circles denote the location of observing stations recording at least one such day. The number of days with temperatures exceeding 100°F is expected to increase. The record temperatures and drought during the summer of 2011 represent conditions that will occur more frequently in the U.S. as climate change continues. (Figure source: NOAA NCDC)


Ocean Impacts of Increased
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As heat-trapping gases, primarily carbon dioxide (CO2) (panel A), have increased over the past decades, not only has air temperature increased worldwide, but so has the ocean surface temperature (panel B). The increased ocean temperature, combined with melting of glaciers and ice sheets on land, is leading to higher sea levels (panel C). Increased air and ocean temperatures are also causing the continued, dramatic decline in Arctic sea ice during the summer (panel D). Additionally, the ocean is becoming more acidic as increased atmospheric CO2 dissolves into it (panel E). (CO2 data from Etheridge 2010, Tans and Keeling 2012, and NOAA NCDC 2012; SST data from NOAA NCDC 2012 and Smith et al. 2008; Sea level data from CSIRO 2012 and Church and White 2011; Sea ice data from University of Illinois 2012; pH data from Doney et al. 20124,5).


Surface Temperature &

the Sun’s Energy

1372
L 1.5
1371
L 4.0
1370 -
- w
£ ©
= 3
3 1369 - | 05 g
= o
8 £
o ()]
© [ ol
& 8
5 1368 8
O
n - 0.0 5
w ®
o)
<)
1367 - o
L -0.5
1366 -
1365 o T R T L T e -1.0

1976 1981 1986 1991 1996 2001 2006 2011
Year


Presenter
Presentation Notes

So the climate is changing.  What are the causes? When we look at natural drivers of climate change, they fail to explain the warming that we are seeing today. 

For example, the full record of satellite measurements of the sun’s energy received at the top of the Earth’s atmosphere is shown in red, following its natural 11-year cycle of small ups and downs, without any net increase. Over the same period, global temperature relative to 1961-1990 average (shown in blue) has risen markedly. This is a clear indication that changes in the sun are not responsible for the observed warming over recent decades. (Figure source: NOAA NCDC / CICS-NC).
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The retreat of sea ice has occurred faster than climate models had predicted. Image on left shows Arctic minimum sea ice extent in 1984, which was about 2.59 million square miles, the average minimum extent for 1979-2000. Image on right shows that the extent of sea ice had dropped to 1.32 million square miles at the end of summer 2012. The dramatic loss of Arctic sea ice increases warming and has many other impacts on the region. Marine mammals including polar bears and many seal species depend on sea ice for nearly all aspects of their existence. Alaska Native coastal communities rely on sea ice for many reasons, including its role as a buffer against coastal erosion from storms and as a platform for hunting. (Figure source: NASA Earth Observatory 2012).



Observed Change in Very
Heavy Precipitation
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Percent changes in the amount of precipitation falling in very heavy events (the heaviest 1%) from 1958 to 2012 for each region. There is a clear national trend toward a greater amount of precipitation being concentrated in very heavy events, particularly in the Northeast and Midwest. (Figure source: updated from Karl et al. 2009c ).
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Climate change is projected to reduce water supplies in some parts of the country. This is true in areas where precipitation is projected to decline, and even in some areas where precipitation is expected to increase. Compared to 10% of counties today, by 2050, 32% of counties will be at high or extreme risk of water shortages. Numbers of counties are in parentheses in key. Projections assume continued increases in greenhouse gas emissions through 2050 and a slow decline thereafter (A1B scenario). (Figure source: Reprinted with permission from Roy et al. 20127. Copyright American Chemical Society).



Crop Yields Decline under

Higher Temperatures
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Crop yields are very sensitive to temperature and rainfall. They are especially sensitive to high temperatures during the pollination and grain-filling period. For example, corn (left) and soybean (right) harvests in Illinois and Indiana, two major producers, were lower in years with average maximum summer (June, July, and August) temperatures that were higher than the 1980-2007 average. Most years with below-average yields are both warmer and drier than normal.1,2 There is a very high correlation between warm and dry conditions during Midwest summers3 due to similar meteorological conditions and drought-caused changes4 in the surface. (Figure source: redrawn from Mishra and Cherkauer 20101).


Some Conventional Pollutants

Affect the Climate

e “Climate forcer” describes any gas or particle that forces the climate to
change

— Broader than “greenhouse gas”, which describes a specific kind of forcing
e Examples of climate forcers include:

— Greenhouse gases (e.g. carbon dioxide, methane, chloroflourocarbons, and
ozone)

— Aerosols (particles such as black carbon and sulfates)
e Long-lived climate forcers include:
— Sulfur hexaflouride (3,200 years)
— Nitrous oxide (115 years)
e Short Lived Climate Forcers stay in the atmosphere from days to months and
include:
— Ozone
— Black Carbon (component of particulate matter)
— Some HFCs

e |tisthe short atmospheric lifetime that makes SLCFs an important piece of
the climate mitigation puzzle



Recent Assessments

 Hemispheric Transport of Air Pollution report (LRTAP - 2010)
e Report of the Ad-hoc Expert Group on Black Carbon (LRTAP 2010)
e |Integrated Assessment of Black Carbon and Tropospheric Ozone (UNEP - 2011)

e Towards an Action Plan for Near-term Climate Protection and Clean Air Benefits
(UNEP - 2011)

e Actions for Controlling Short-Lived Climate Forcers (UNEP - 2011)

* An Assessment of Emissions and Mitigation Options for Black Carbon (Arctic
Council - 2011)

e Black Carbon Report to Congress (EPA —2012) -
* On Thin Ice: How Cutting Pollution Can Slow Warming and Save Lives. i~ —
(World Bank - 2013) On Thin ice s

I How Cutting Pollution Can Slow

Warming and Save Lives

m - Near-term Climate Protection and
- H Clean Air Benefits:
a (7) Actions for Controlling Short-Lived
= Integrated Assessment Climate Forcers
of Black Carbon
and Tropospheric Ozone
Summary tor Decision Makers
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We Need To Reduce SLCPs

UNEP/WMO Result for Global Temperature Change:
CO, and BC/Methane Reductions are Complementary Strategies
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UNEP modeled 16 measures (methane and BC)

Impact of these 16 measures on global warming shown in this graph. 
The assessment calculated a reference scenario – extrapolating current trends – consistent with IPCC – if we carry on emitting according to current trends in energy use and technology then the world is heading for an increase in temperature that exceeds 2oC some time towards the middle of this century.

If we manage to reduce CO2 emissions consistent with a 450ppm scenario as developed by IEA, which is fairly ambitious then the tmerature increase slows, but only in the long-term as it takes some time for the CO2 decreases to affect global temperature, and there is a good chance that 2oC will be exceeded.

If we implement fully the Methane and BC measures identified in the assessment, starting now and implemented by 2030, the rate of temperature increase reduces in the first half of this century, leading to a 0.5oC reduction in warming, about half of the warming projected by the reference scenario for 2050. But without any reduction in CO2, then the temperature increases in parallel to the reference scenario due to the influence of CO and exceeds the 2oC target in the latter half of the century, but a couple of decades later than the reference case. 

However, a combination of the near-term measures on methane and BC in combination with the ambitious CO2 emission reductions slow the rate of warming in the near term and reduces the long term warming and there is an increased chance of avoiding crossing the 2oC target during this century 


Location of Emissions Matters

Normally cooling, organic carbon can be warming in the Arctic

BUREAL OF LAND MAMAGEMENT [ ALASKA FIRE SERVICE

Arctic melting creates negative . . .
ek oo : v Where dark land is covered by bright snow and ice

_ v" Where precipitation patterns

emissions




SLCP Impacts on the Arctic

e Black Carbon has
disproportionately large impact |,

Temperature increase, °C

L  Global average Arctic average
— Absorbs more heat over Arctic 14f
reflective surfaces Gt e
1.2]=
— Once deposited, BC darkens snow and
ice leading to greater melting e
— BC emissions from lower latitudes also  ° - N—_—
important 06|
04k Methane-
e (Ozone transported from the mid- 02  Ozone
latitudes is also partially ook
responsible for Arctic warming Chs SN amed e B

(Adapted from Reiersen and Wilson, 2009)
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Obviously, this is a particularly climate-sensitive area. Arctic sea ice extent has decreased from 1979 to 2006 in every month. During the 2007 melt season, Arctic sea ice dropped to the lowest levels observed since satellite measurements began in 1979, resulting in the first recorded complete opening of the Northwest Passage (NSIDC, 2007).

Modeling studies have shown that ozone increases are playing an important role in the warming of this region.  (Highlight y-axis change here.)  BC is thought to have a disproportionately large impact in this region.  However, it is estimated that about 0.25 deg C of the warming is from ozone sources.  Modeling apportionment-type studies have shown that ozone from mid-latitudes are at least partially responsible (along w/ local sources, eg. shipping).  Impacts are estimated to be largest in the winter.


Wood-Burning Stoves by Power Plants [ Wl § Heavy Duty Diesel Engines

v" We know the sources of SLCP emissions
and in many cases how to control them.

v These sources offer potential for
integrated air quality/climate solutions

v Implementing these solutions can save
lives, especially of the most vulnerable
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Shared solutions are more efficient
Setting clear goals for both air quality and climate allows for better planning
The public health co-benefits of carefully designed climate strategies can help offset costs
Past air quality strategies designed without climate in mind have not always been beneficial to climate
End of pipe controls (e.g., scrubbers) can be very energy intensive.  We must seek to avoid approaches that lead to disbenefits
Reductions in some air pollutants (e.g. sulfates) may lead to warming, even though they are essential for public health.  We must understand these impacts and find supplements on the climate side



Future Climate Change Depends
Primarily-on Emissions Leve
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Maps show projected change in average surface air temperature in the later part of this century (2071-2099) relative to the later part of the last century (1970-1999) under a scenario that assumes substantial reductions in heat trapping gases (B1, left) and a higher emissions scenario that assumes continued increases in global emissions (A2, right). These scenarios are used throughout this report for assessing impacts under lower and higher emissions. (Figure source: NOAA NCDC / CICS-NC).


Look Again

UNEP/WMO Result for Global Temperature Change:
CO, and BC/Methane Reductions are Complementary Strategies
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UNEP modeled 16 measures (methane and BC)

Impact of these 16 measures on global warming shown in this graph. 
The assessment calculated a reference scenario – extrapolating current trends – consistent with IPCC – if we carry on emitting according to current trends in energy use and technology then the world is heading for an increase in temperature that exceeds 2oC some time towards the middle of this century.

If we manage to reduce CO2 emissions consistent with a 450ppm scenario as developed by IEA, which is fairly ambitious then the tmerature increase slows, but only in the long-term as it takes some time for the CO2 decreases to affect global temperature, and there is a good chance that 2oC will be exceeded.

If we implement fully the Methane and BC measures identified in the assessment, starting now and implemented by 2030, the rate of temperature increase reduces in the first half of this century, leading to a 0.5oC reduction in warming, about half of the warming projected by the reference scenario for 2050. But without any reduction in CO2, then the temperature increases in parallel to the reference scenario due to the influence of CO and exceeds the 2oC target in the latter half of the century, but a couple of decades later than the reference case. 

However, a combination of the near-term measures on methane and BC in combination with the ambitious CO2 emission reductions slow the rate of warming in the near term and reduces the long term warming and there is an increased chance of avoiding crossing the 2oC target during this century 
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EPA Action Under

Climate Action Plan

e Reducing carbon pollution from
power plants

e Building a 215 century
transportation sector

o Cutting energy waste in homes,
businesses, and factories

* Reducing short lived forcers

* Preparing the U.S. for the
Impacts of climate change

* Leading international efforts to
address global climate change

25



Clean Power Plan

« OnJune 2, 2014, the U.S. EPA, proposed
emission guidelines to address greenhouse gas
emissions from existing fossil fuel-fired power
plants.

— State-specific rate-based goals for carbon dioxide
emissions from the power sector.

— Guidelines for states to follow in developing plans to
achieve the state-specific goals.
* This proposal follows proposed carbon pollution
standards for new power plants in September
20, 2013.




Benefits and Costs

« Nationwide, by 2030, this proposed rule would help reduce
CO, emissions from the power sector by approximately
30% from 2005 levels.

— Also by 2030, reduce by over 25% pollutants that contribute to the
soot and smog that make people sick.
e These reductions will lead to public health and climate
benefits worth an estimated $55 billion to $93 billion in
2030.

* Proposal will avoid an estimated 2,700 to 6,600 premature
deaths and 140,000 to 150,000 asthma attacks in 2030.

« Health and climate benefits far outweigh the estimated
annual costs of meeting the standards.
— Estimated at $7.3 billion to $8.8 billion in 2030.



Combatting Short Lived

Climate Pollutants

* International efforts and agreements to reduce emissions SLCPs

— Climate and Clean Air Coalition
» Goal: accelerate reductions in BC, methane, and HFCs

 Country partners commit to mitigating short-lived climate pollutants in their own
countries and helping others take similar actions

— Global Methane Initiative

« Works with 42 partner countries and an extensive network of over 1,100 private
sector participants to reduce methane emissions.

— Convention on Long Range Transboundary Air Pollution - Gothenburg
Protocol
« Firstinternational treaty to take steps to curb BC emissions. Specific provisions:
— Parties should develop national BC emissions inventories and projections.

— Parties “should give priority” to black carbon when implementing measures to
control PM.

— Arctic Council

« Several SLCP Task Forces focused on assessment and mitigation projects to help
slow Arctic and global climate change and improve public health.

— Global Alliance for Clean Cookstoves
« Goal: 100 million clean and efficient stoves by 2020

28



Resources

EPA’s Climate Page: http://epa.gov/climatechange/

EPA’s Links for Educators:
http://www.epa.gov/climatechange/links.html

US Government Global Change Site:
http://www.globalchange.gov/

NASA: http://climate.nasa.gov/education/

Intergovernmental Panel on Climate Change:
http://www.ipcc.ch/

Climate and Clean Air Coalition:
http://www.unep.org/ccac/
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