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Synapsis. Our use of fossil fuels brings great benefits and costs. Because we are burning
fossil fuels roughly I million times faster than nature saved them for us, we must find
alternatives before too long. Strong scholarship shows that delaying this unavoidable switch,
while releasing the carbon dioxide from the fossil-fuel burning, will cause changes in the
climate system that are more and more expensive, so that humanity will be better off
economically to start very soon to make the transition in a wise way. Furthermore, the
relevant scholarship shows that starting soon to make this transition wisely can increase
national security, take out insurance against unexpected damaging events, honor the Golden
Rule, increase employment, and help preserve endangered species. Although carbon dioxide
is the most important issue, methane is also an important greenhouse gas. and control of it can
yield notable benefits as well.

Introduction. My name is Richard Alley. I am an Evan Pugh University Professor of
Geosciences and Associate of the Earth and Environmental Systems Institute at the
Pennsylvania Stale University. I have authored over 300 refereed scientific papers, and I have
made over 1000 public presentations concerning my areas of expertise. My research is
especially focused on the great ice sheets of Greenland and Antarctica, their potential for
causing major changes in sea level, the climate records they contain, and their other
interactions with the environment; I also study mountain glaciers, and ice sheets of the past. I
have served with distinguished national and international teams on major scientific
assessment bodies, including chairing the U.S. National Research Council’s Panel on Abrupt
Climate Change (report published in 2002), and serving the U.S. Climate Change Science
Program, and the Nobel-Peace-Prize-Winning Intergovernmental Panel on Climate Change
(IPCC) in various ways on their Second (1995), Third (2001) and especially Fourth (2007)
Assessment Reports. I have had the honor on several occasions of providing requested
testimony and briefings to high government officials at the federal as well as state level,
including to legislative committees chaired by members of both major political parties, and to
executive officials in administrations of both major political parties, drawing on my expertise
to provide scientific guidance to those working for the public good. My testimony here is
updated from my testimony of November 17, 2010 to the Subcommittee on Energy and
Environment of the House Committee on Science and Technology of the United States House
of Representatives, and to this Committee on June 7,2012, December 16, 2013 and March 2,
2015; the consistency of this testimony reflects the consistency of the scientific
understanding, which continues to strengthen without fundamentally changing. My advice is
nonpartisan, and I am not lobbying for any particular bills or policies; however, I summarize
the clear evidence that wise use of our scientific knowledge and related scholarship in policies
will make us better off in many ways.

Background an Assessment. Scientists argue. This is a fundamental part of science; ideas
that have proven successful through the most tests and challenges are generally the most
reliable for our use. Governments have long supported science, because of the great
advantages we get from the application of scientific discoveries in medicine, agriculture.
manufacturing, and other aspects of our lives. Governments also have developed methods,
often called “assessment”, to obtain the most useful information from scientists for policy
making and other government functions, while allowing the scientists to go back to doing
science including arguing about those results to see if they can be improved further.
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Assessment involves asking scientists to volunteer for the public, in the public eye, to
summarize the state of science, and to show what is solid, what is still speculative, and what is
known to be wrong.

In the United States, scientific assessments are especially done by the U.S. National
Academies of Sciences, Engineering and Medicine of Sciences (earlier reports are generally
labeled as coming from National Research Council, the operating arm of the National
Academies). Established in 1863 by legislative action of the U.S. House of Representatives
and Senate, signed into law by President Abraham Lincoln, “The Academy shall, whenever
called upon by any department of the Government, investigate, examine, experiment, and
report upon any subject of science or art.” The Academies assemble panels representing the
full range of credible scientific views. As described in many sources (and summarized in
Alley, 2011, chapter 5), panels do make recommendations that may serve to reduce research
funding in their area, and that may disagree with research thrusts or public statements by
panel members, because of the requirement that the panels accurately assess the full scientific
knowledge for the public.

The Intergovernmental Panel on Climate Change (IPCC) fulfills a similar role for the world,
for climate change. The IPCC was founded in 1988 by the United Nations and World
Meteorological Organization to assess the best scientific evidence on climate change.
The IPCC issued Assessment reports starting in 1990, 1995, 2001, 2007, and now 2013 (First,
Second, Third, Fourth, and Fifth Assessment Reports). The reports are prepared by three
working groups, WGI, 11, and Ill, which consider what will happen to climate (WGI), what it
means to humans and other living things, and how we might adapt (WGII), and what can we
do to reduce or eliminate human-caused climate change (lii). The IPCC is not policy-
prescriptive, and does not do research; it assesses science. The WGI report is issued first,
followed by WGII and WGlll. I served in some ways for the Second and Third Assessment
Reports, served more extensively in the Fourth Assessment, but did only a little reviewing and
was not otherwise instrumental in the Fifth Assessment Report. I also have served the US
National Academy of Sciences and ISational Research Council in various ways, and was
elected to membership in the National Academy of Sciences.

Background on Climate Change and Global Warming. Scientific assessments such as
those of the National Academy of Sciences (e.g., National Research Council, 1975; 1979;
2001; 2006; 2008; 2010; 2011; 2013), the U.S. Climate Change Science Program, and the
Intergovernmental Panel on Climate Change have for decades consistently found with
increasingly high scientific confidence that human activities are raising the concentration of
carbon dioxide and other greenhouse gases, especially methane, in the atmosphere, that this
has a warming effect on the climate, that the climate is warming as expected, and that the
changes so far are small compared to those projected if humans burn much of the fossil fuel
on the planet. Consistency between the new IPCC Fifth Assessment Report from WGI and
the earlier reports is very high.

The basis for expecting and understanding warming from carbon dioxide, methane and other
greenhouse gases is the fundamental physics of how energy interacts with gases in the
atmosphere. This knowledge has been available for over a century, was greatly refined by
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military research afler World War 11, and is directly and routinely confirmed by satellite
measurements and other data (e.g., American Institute of Physics, 2008; Harries et al., 2001;
Griggs and Harries, 2007; Alley, 2011).

Although a great range of ideas can be found in scientific papers and in statements by
individual scientists, the scientific assessments by bodies such as the National Academy of
Sciences consider the full range of available information. The major results brought forward
for the public and policymakers are based on multiple lines of evidence provided by different
research groups with different funding sources in different states and nations, and have
repeatedly been tested and found to be accurate. Just as a tapestry cannot be destroyed by
cutting one thread, the “picture” of climate change is based on an interwoven web of mutually
supporting results, such that removing the work of any scientist or small group of scientists
would still leave a strong scientific basis for the main conclusions.

Fundamentals. [The statements in this section and the next are supported by numerous
references available through the reports of the US National Research C’ouncil, the UN
Intergovernmental Panel on Climate Change, and many other sources; I am not providing
detailed referencingfor most of the material in these two sections for ease of reading, and
because those sources are so complete. I will provide the main background on carbon
dioxide, and then add additional information on methane.] Humans burn large amounts of
coal, oil and natural gas (fossil fuels), providing roughly 85% of our total energy use. In the
United States, fossil-fuel burning provides approximately 100 times as much energy per
person as we generate internally from the food we eat, and we use this energy to accomplish
things that we enjoy, and that do much good for us. U.S. fossil-fuel use amounts to almost 10
tons per person per year; oxygen is added during burning, releasing almost 20 tons of carbon
dioxide per person per year to the atmosphere (these numbers are typical of the last decade or
so, fluctuate somewhat from year to year, but remain large).

The carbon dioxide that humans have released by fossil-fuel burning, plus the smaller supply
from sources including deforestation and cement manufacture, has raised the concentration in
the atmosphere aM is moving into the ocean and making it more acidic, although some
carbon dioxide is being taken up by processes including reforestation. Human activities have
increased the atmospheric concentration by more than one-third since the start of the
industrial revolution, after many millennia of naturally stable levels. Ice-core data provide
strong confidence that the current level is higher than at any time over the last 800,000 years,
and additional data from other sources suggest that the current level has not been reached for
millions of years. Various indications in the atmosphere, including changes in the isotopic
composition of the carbon dioxide, and the slow drop in oxygen as it is used in combustion,
confirm the “bookkeeping” that the rising carbon dioxide comes primarily from our burning
of fossil fuels.

The Earth’s average temperature is increasing. This is shown by thermometer records as
analyzed by researchers working for NASA, NOAA, and other groups. Thermometers
outside of cities typically show warming, as do thermometers in the ground, in the ocean, and
on satellites as analyzed by different groups. Warming is also indicated by changes in
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temperature-sensitive snow and ice, and in the places species live and when they do things
during the year.

The warming is not perfectly smooth, and a year may he cooler than the previous year for
many reasons, including the effects ofa large volcano putting sun-blocking particles in the
stratosphere, or a change in the coupled ocean-atmosphere circulation shifting heat into the
ocean more rapidly, or a change in the brightness of the sun. Adding the warming-or-cooling
effects of these various climate influences to the warming influence of our increasing carbon
dioxide and other greenhouse gases gives the observed variability in the warming trend (e.g.,
Cowtan and Way, 2013). Local cold does not in any way disprove the globally averaged
warming; on the 20thi of February. 2015, for example,! was supposed to discuss global
warming with a local high school that was closed because of cold, but on that day we were
almost as warm as regions near the North Pole, while the Arctic, the Northern Hemisphere,
the Tropics, the Southern Hemisphere, the Antarctic and the world as a whole remained well
above average temperature.

Warming is expected from the known physics of the rising carbon dioxide and other
greenhouse gases. Strong scientific effort has been invested in learning whether any other
cause could explain the warming. Over the satellite record, the sun’s energy output has
probably decreased very slightly, and no other natural cause of the observed warming can be
found. The pattern of warming, in space and time, is consistent with that expected from the
combined effects of the known causes of climate change, including natural and human-
produced, with warming from carbon dioxide and other greenhouse gases important.

The accuracy of climate-change projections made over recent decades, and the ability to
explain the changes that have occurred and are occurring, contribute to the high scientific
confidence that useful projections can be provided for many aspects of the climate system.

(Note that the scientific community cannot accurately predict what decisions policymakers
will make, and because humans are so important in the future of the climate, science thus
cannotpredict climate. Instead, projections are provided, by estimating the climate response
to various possible human paths.)

These projections indicate that if humanity continues to rely on fossil-fuel burning, consumes
most of the fossil fuel that is estimated to be practicably available, and releases the carbon
dioxide to the air, the coming climate changes will be much larger than those that have
occurred to date. Some of this change is already committed—the atmosphere has not
experienced the full warming from past human influence because some heat is going into the
ocean and to melt ice—but most of the change depends on future emissions of carbon dioxide.

Impacts. Some of the impacts of warming are highly likely, and easy to understand, including
an increase in record high temperatures and heat waves, and a decrease in record low’
temperatures and cold snaps. Because warmer air can ‘-hold” more water (higher equilibrium
vapor pressure), rainfall can be more intense when it occurs in a warmer world, which would
tend to contribute to an increase in flooding. Expansion of the subtropical dry zones is
expected, and summertime drying in many regions, which may increase drought. More
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energy will be available, so the top wind speed of hurricanes may increase. Sea-level rise is
expected to continue and probably accelerate, in response to expansion of ocean water as it
warms, and melting of land ice transferring water to the ocean. Many of our crops suffer heat
stress on the hottest days now, even if supplied with enough water and fertilizer, so despite
the fertilizing effect of higher carbon-dioxide levels, food production may drop as the
warming continues. In general, the changes will cause both “winners” and “losers”, but as the
changes become large, the losers are expected to dominate the winners. Losers are especially
projected to occur among poor people in hot places now, and future generations.

Much scholarship has been devoted to assessing the economic implications, because money
spent to reduce global wanting now could also be invested in other ways, or used for
consumption now. (The reader should recognize that discussions of economics, and of what
is or is not a subsidy, as summarized below, are inherently less certain than is our
understanding of the warming influence of our greenhouse gases; however, the sources cited
here are generally well-respected internationally. There is additional discussion of the social
cost of carbon in the WGII reports of the IPCC, with great agreement in the relevant
scholarship that there is a significant social cost of carbon.)

Strong evidence exists that humanity will overall be economically better off if the science of
global warming is incorporated properly into planning. In particular, studies typically show a
notable cost of emitting carbon dioxide that is borne by society rather than directly by those
who mine, sell, or burn the fossil fuels. The Interagency Working Group on Social Cost of
Carbon, United States Government, in May of 2013, updated estimates of this cost, with
advances in scholarship showing the cost to be larger than previously estimated. The
Integrated Assessment Modeling techniques used to estimate the social cost of carbon were in
many ways developed by the co-recipient of the 2018 Nobel Prize in Economics, William
Nordhaus of Yale; this work uses well-accepted economic approaches to show that at least
some investment made now in reducing climate change is economically efficient/beneficial.

This social cost of carbon is often considered to be a subsidy for fossil fuels. The
International Monetan Fund (IMF. 2013) included the social cost of carbon in their estimate
that total subsidies for fossil fuels worldwide in 2011 totaled approximately 2 V2 % of world
gross domestic product (GDP), or 8% of total government revenue; this is more than 20 times
larger than global renewable-energy subsidies as estimated by the International Energy
Agency (2012); the IMF found that the US is the single largest subsidizer of fossil fuels.

In turn, various studies (see, e.g., WGII and WGIII reports of the IPCC) show that this social
cost of carbon means that humanity is not following an economically optimal path in regards
to energy and environment. Thus, wise actions to remove this subsidy, by pricing the release
of carbon dioxide or in other ways, will be economically beneficial, likely with the increase in
employment and well-being that goes with an improved economy.

Various recent reports have also looked at the national-security implications of climate
change, finding that climate change endangers national security, and thus that slowing and
reducing climate changes can improve national security. The Quadrennial Defense Review
Report (2010, pp. 84—85) is a good starting point, as is the report of the CNA Military
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Advisory Board (2014) of distinguished high-ranking military veterans.

Additional scholarship, much of it summarized by the IPCC WGll and the reports of the
National Academies, shows that climate change places rare and endangered species in greater
danger. As noted above, these sources also summarize the evidence that the damages from
climate change fall disproportionately on poor people, especially those living in hot places,
and on future generations. Many groups, including many religious groups, note that this
raises strong questions about the Golden Rule.

Tipping Points, and Abrupt Climate Change. A golden retriever leaping to the side will
force a canoe to lean, but usually the canoe will remain upright. Ifan ice chest slides across
the seat towards the retriever, this positive feedback will cause the canoe to lean further. In
exceptional circumstances a tipping point may be crossed, leading to an abrupt change as the
canoe dumps the dog, ice chest, and paddlers into the water.

Much scientific and popular discussion has focused on the possibility that human-caused
climate change may force the Earth to cross one of its tipping points. Paleoclimatic history
shows clearly that very large, rapid and widespread changes occurred repeatedly in the past
(e.g., National Research Council, 2002; 2013; CCSP, 2008). An ice-sheet collapse, a large
change in the circulation of the North Atlantic Ocean, a rapid outburst of methane stored in
sea-floor sediments, a sudden shift in rainfall patterns, or others are possible even if not
considered likely, based on current scientific understanding (CCSP, 2008).

The available assessments, and in particular that of the U.S. Climate Change Science Program
(CCSP, 2008), do not point to a high likelihood of triggering an abrupt climate change in the
near future that is large relative to natural variability, rapid relative to the response of human
economies, and widespread across much or all of the globe. However, such an event cannot
be ruled out entirely, and rapidly arriving regional droughts seem more likely than the others
considered, with potentially large effects on ecosystems and economies, while a rapid ice-
sheet shrinkage raising sea level continues to receive focused research attention.

Projections of warming from a given release of greenhouse gas generally include a best
estimate, the possibility ofa somewhat smaller or somewhat larger rise, and the slight
possibility of a much larger rise; because of the way feedbacks interact in the climate system,
very large changes remain possible if unlikely, and are not balanced by an equal probability of
very small changes (e.g., Meehl et al., 2007). The possibility ofan abrupt climate change
gives a similar shape to the uncertainties about damages from whatever warming occurs, with
a chance of very large impacts having very large costs, but not an offsetting chance of large
benefits.

The new National Academy report (National Research Council, 2013), from a committee that
included me, notes that there are many tipping points in ecosystems and economies. Even a
small sea-level rise may be sufficient to cause large damages if it causes a storm surge to
overtop a levee that otherwise would have been sufficiently high. Even gradual climate
change thus can trigger unexpected and costly impacts. In turn, slowing down warming can
be seen as taking out insurance against the possibility of such damaging surprises.
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Resources. As summarized in many sources, including Alley (2011), nature offers vast,
renewable resources, with current technologies capable of extracting far more energy
sustainably than now used by humanity. The area of the Earth’s surface needed to power all
of humanity with these current technologies is small compared to the area now used to feed
us. As noted above, wisely beginning the transition to a sustainable energy system is
economically as well as environmentally favorable, based on extensive scholarship.

Additional Comment on Methane. Methane is produced in many ways, especially in natural
and human-made wetlands (including rice agriculture), in the guts of animals, and during
wildfires; methane is also the main constituent of natural gas, and is released from coal beds
and from oil operations as well as leakage from natural-gas operations. Per molecule,
methane causes more warming than carbon dioxide, in part because methane is less common
in the atmosphere so each molecule added gives a greater relative change in the greenhouse
effect. Much methane is locked in “clathrate hydrate” ices in permafrost and sea-floor
settings, and could be released by changes accompanying a warming climate. Methane is
relatively short-lived in the atmosphere, reacting to form carbon dioxide over a decade or
slightly less. (In comparison, once the atmospheric concentration of carbon dioxide is raised,
it will remain elevated for millennia and longer.)

Methane clearly is valuable as a fuel; thus, methane released to the atmosphere is a lost
resource as well as a cause of greenhouse warming. In many places in the US and worldwide,
biogas (primarily methane) is collected from landfills, sewage treatment plants, animal
manure digesters, or other sources and used as an economic resource (e.g., NREL, 2013).

Because methane is valuable, methane reductions can have a large and rapid effect on global
warming, it is often discussed as a target for reducing global warming from rising greenhouse
gases, with particular focus on win-win approaches that make money while slowing warming.
1’1ote. though, that the very persistent effects of carbon dioxide mean that delaying action to
reduce carbon dioxide while addressing methane will allow large and damaging warming
extending far into the future (e.g., Pierrehumbert, 2014). Studies generally show that an
integrated approach addressing the full scope of human influence on climate including carbon
dioxide and methane is more beneficial (e.g., IPCC WG II and WG Ill reports).

Summary. With high scientific confidence, human release of carbon dioxide from fossil-fuel
burning, as well as some other human activities, are having a warming influence on the
climate. The influence is projected to become much larger if we continue to burn most of the
available fossil fuels. Impacts are expected to become notably negative. Uncertainties are
real, but primarily on the “bad” side (with larger, more-costly changes more likely than
smaller, less-costly changes). Because fossil fuels are being burned much faster than new ones
are made naturally. the current system is unsustainable. Natural, sustainable resources are
available to provide much more energy than now used by humanity, and existing technologies
can extract this energy, using a much smaller area of the Earth than is now used to feed us.
Inclusion of the solid science in planning can lead to decisions that improve human welfare,
increase national security, give a cleaner environment, and honor the Golden Rule. Efforts to
restrict methane release and use the methane as a resource can have win-win outcomes.
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1. Climate Change Is Happening and Largely Driven by Anthropogenic Greenhouse Gas
(GHG) Emissions

The Intergovernmental Panel on Climate Change (IPCC) in its latest assessment report (IPCC, 2014)
states:

“Warming of the climate system is unequivocal, and since the 1950s, many of the observed changes
are unprecedented over decades to millennia. The atmosphere and ocean have warmed, the amounts
of snow and ice have diminished, and sea level has risen.”

and

“Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven
largely by economic and population growth, and are now higher than ever. This has led to atmo
spheric concentrations of carbon dioxide, methane and nitrous oxide that are unprecedented in at
least the last 800,000 years. Their effects, together with those of other anthropogenic drivers, have
been detected throughout the climate system and are extremely likely to have been the dominant
cause of the observed warming since the mid-2Oth century.”

2. Carbon Dioxide (C02) Is the Primary’ Anthropogenic GHG, and Its Atmospheric
Concentration Is Rising at An Increasing Rate

The IPCC fmds this about anthropogenic radiative forcing (RF) of well-mixed greenhouse gases
(WMGHGs):

“AR4 assessed the RE from 1750 to 2005 of the WMGHGs to be 2.63 W m—2.

and the radiative forcing of CO2 alone is:

“...the CO2 RF (as defined in Section 8.1) from 1750 to 2011 is 1.82 (1.63 to 2.01) W m—2.”

NOAA monitors ORG concentrations and its most recent measurements of C02 in the
atmosphere are shown in Figure 1.

3. Methane (CH4) Is the Second Most Influential GHG, and Its Atmospheric
Concentration Is Rising at An Increasing Rate

The IPCC finds this about anthropogenic radiative forcing (RE) of methane:

“The four most important gases were C02, CM4, dichiorodifluoromethane (CFC-12) and N20 in
that order.”

and the RE of methane is:

“...the RF for CH4 from 1750 to 2011 is 0.48 ± 0.05 W m—2...”

NOAA monitors GHO concentrations and its most recent measurements of CR4 in the
atmosphere are shown in Figure 2.
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Figure 1. Recent history of C02 atmospheric concentration. NOAA (201 9a).

GLOBAL MONTHLY MEAN CM4ioo —

1850

1800

1750

1700

1650

1985 1990 1995 2000 2005 2010
Year

2015 2020

Figure 2. Recent history of methane, CH4, atmospheric concentration. NOAA (2019b).

Recent research from NASA suggests that 68 percent of this rise in atmospheric methane
between 2006 and 2014 came from oil and gas production (Worden et at., 2018).
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4. The Fossil Fuel Sector is the Largest Source of Anthropogenic Methane Emissions in the U.S.

The U.S. EPA is charged with reporting GHG emissions in the U.S. Its latest report on methane
emissions by source is shown in Figure 3.

Figure 3. 2016 U.S. Methane emissions by source. EPA (2019)

Methane is the main component of fossil gas. Its warming effect is 98 times greater than CO2 over a
20-year period (Etminan et at, 2016) which means that a very small volume of methane has the same
effect on global warming as a very large volume of CO2. Methane is often vented into the atmosphere,
purposeflully and accidentally, without combustion during the processes of drilling, stimulation,
production, processing, storage, transportation, compression, export and end use.

5. Control of Methane Emissions Crucial for Keeping Global Warming Below 1.5°C

In its recent Special Report on the impacts of global warming of 1.5°C (IPCC, 2018), the IPCC offered
a set of potential scenarios that could help keep warming below that critical threshold. These scenarios
are depicted in the rather complicated Figure 4. A simple message in this figure is that reduction of
non-C02 radiative forcing, i.e. principally methane, substantially modifies the projections shown in the
three colored predictive plumes. The plume outlined in pink is the result of no reductions in methane
emissions, and produces the lowest probability of staying below 1.5°C. The plume outlined in grey,
which involves reduction in non-C02 forcing after 2030, produces significantly higher probability of
staying below 1.5°C. Not calculated but clearly possible is a flrther increase in this probability if a
decrease in non-C02 forcing, a decrease in methane emissions, were to occur before 2030.

Coal MinIng
8%

4
A

Manure ‘j:.
ManagementJ

10%

Note: Alt emission estimates from the Inventory of U.S.

Greenhouse Gas Emissions and Sinks: 199Q-2016.

4



6. Methane Emissions from the Oil/Gas Sector in Pennsylvania Are Underestimated

The most recent and comprehensive investigation of methane emissions from the U.S. oil and gas sector
(Alvarez et at. 2018) notes that mean emission rate was 2.3% of total gas production in 2015, and that
this rate is 60% higher than reported by the U.S. EPA. Moreover, this rate might be an underestimate
(Guglielmi. 2018). The U.S. EPA reports what the states estimate are their methane emissions and gas
production values.
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Figure 4. Panel a: Observed monthly global mean surface temperature change and estimated
anthropogenic global warming (solid orange line up to 2017, with orange shading indicating
assessed likely range). Orange dashed arrow and horizontal orange error bar show respectively
the central estimate and likely range of the time at which 1.5°C is reached if the current rate of
warming continues. The grey plume on the right of panel a shows the likely range of warming
responses, computed with a simple climate model, to a stylized pathway (hypothetical future)
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2030 and then declines. The blue plume in panel a) shows the response to faster C02 emissions
reductions (blue line in panel b), reaching net zero in 2040, reducing cumulative C02 emissions
(panel c). The purple plume shows the response to net CO2 emissions declining to zero in 2055,
with net non-C02 forcing remaining constant after 2030. The vertical error bars on right of
panel a) show the likely ranges (thin lines) and central terciles (33rd — 66th percentiles, thick
lines) of the estimated distribution of warming in 2100 under these three stylized pathways.
Vertical dotted error bars in panels b, c and d show the likely range of historical annual and
cumulative global net C02 emissions in 2017 and of net non-C02 radiative forcing in 2011
from AR5, respectively

Further, neither Alvarez et at nor the EPA estimates include emissions from leaking wells that are in
production or that have been abandoned.

7. Methane Emissions from All of Pennsylvania’s Oil and Gas Wells, Producing and
Abandoned, Comprise 8-10% of Total Annual Anthropogenic Methane Emissions in
Pennsylvania, and about 39% of Total Annual Anthropogenic Methane Emissions from the
Oil/Gas Sector in Pennsylvania.

During 2014-2017, average methane emissions from producing and non-plugged abandoned oil and
gas wells in Pennsylvania were 21.1 Gg (Gigagrams). This is a result of analysis of data collected
through the new Mechanical Integrity Assessment (MIA) program of the PADEP (2018a).

A measure of the relative importance of emissions reported to the MIA Program is their impact on total
CH4 emissions from the oil and gas sector in Pennsylvania. The overall methane emissions from this
source category in 2015 amounted to approximately 123,081 tons (PADEP, 201 8b). The average yearly
total flow reported to the Program in 2015, 19.7 Gg of methane, is about 39 percent of this value.

For comparison, Kang et at (2016) report estimated methane emissions of between 40 and 70 Gg per
year from hundreds-of-thousands of abandoned, or so-called “legacy,” oil and gas wells in
Pennsylvania. Therein “abandoned” means wells not included in the MIA Program. Combining Kang’s
result with that from the MIA Program yields emissions from all wells in Pennsylvania, “legacy” and
not, of at least 61 Gg and as much as 91 Gg yearly. Such emissions represent about 8—10% of annual
anthropogenic methane emissions in Pennsylvania.

RECOMMENDATIONS

As Pennsylvania moves forward with its Methane Reduction Strategies (PADEP, 201 8c), regulators
and lawmakers would be well advised to focus on the findings of the MIA Program and on
investigations such as those of Kang ci’ at All wells eventually need to be plugged, and some might
need substantial remediation before plugging, or re-plugging in the ifiture. In cases where no viable
responsible party can be identified for a well, the PADEP’s Bureau of Oil & Gas Planning and Program
Management assumes responsibility for well plugging: the wells become wards of the taxpayers of
Pennsylvania. The state cannot be proud of much of the “legacy” of coal development in the state, and
it now runs a high risk of making such an adjective even more ironic with methane leaks from existing,
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and perhaps soon-to-be, legacy oil and gas wells. Using inflation-adjusted plugging cost information,
and assuming, for example, that 200,000 existing legacy wells may require plugging at some point in
time, the PADEP estimates that $8.4 billion are needed to address this significant environmental
challenge. Please note that so long as more new wells are put into production, and the risk of these
wells also becoming “legacy” leaking wells continues to exist, this source of substantial methane
emissions will be never ending.

Approaches to address this problem oflealdng welis that are least likely to increase costs to the taxpayer
are needed:

• Substantially increase well bonding requirements that originate in the 1 984 Oil and Gas Act.
• Mandate usage of the Marcellus Legacy Fund to address the “legacy” leaking well problem.
• Using new data from the MIA program, identify the relatively small number of wells that are

emitting most of the methane, and empower the PADEP to require operators of these wells to
fix the leak or plug the well now, to avoid ongoing emissions and the likelihood that such wells
will be “passed on” to operators with fewer resources and/or desire to fix the problem.
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Remarks by Peter DeCarlo, Ph.D. to the Democratic Policy Committee Hearing for the
Commonwealth of Pennsylvania

Januaty24, 2019

Hello, my name is Peter DeCarlo, and I’m an atmospheric scientist and associate professor of
environmental engineering and chemistry at Drexel University. I’m here to talk about methane
leakage in Pennsylvania and the role of that in climate change. Let’s start with the “best case” for
natural gas in this state, zero leakage. Under that scenario, natural gas combined cycle power
plants emit roughly half ofthe carbon dioxide (C02) per MW than a coal fired power plant. This
is where those 30% reduction in CO2 emissions numbers for the Conunonwealth of Pennsylvania
come from. Unfortunately, those numbers do not tell the whole story, since they do not include
the methane that leaks to the atmosphere as it is produced and transported to the place in which it
is burned. This is an important omission since molecule-per-molecule methane is 56 times more
powerifil at warming the climate than CO2 over a 20-year time horizon. Let’s also not forget in
this discussion that renewables and nuclear power have no CO2 emissions or methane leakage at
their point of power production.

So how do we as scientists and engineers understand leakage? We know there is leakage. We
can measure it, and occasional pipeline explosions are poignant reminders that natural gas is a
dangerous conmiodity. Let’s go back to the comparison between natural gas and coal. Natural
gas is more efficient at making electricity than coal in terms of CO2 emissions, but at what
methane leakage rate does that efficiency disappear? The estimate is that at approximately 3%
leakage the use of natural gas has no climate benefit compared to coal. Nationally, the most
recent numbers are 2.3%, and this means there is still some benefit, although it is dwindling and
smaller than it could be. Again, don’t forget that renewables and nuclear do not have CO2
emissions or methane leakage from power production.

Measurement of methane leakage can generally be categorized in 2 ways, what we call “Bottom
up” and “top down” methods. Bottom up estimates involve making measurements of leakage at
the facility (think well pad), or even equipment level. Obviously, given the scale of the oil and
gas industry, we cannot measure every piece of equipment, nor does a single piece of equipment
have the same leakage rate over its lifetime. Rather this subset of data can be scaled up to
estimate the total leakage, assuming that the sampled sites were representative of the
average. Top down estimates use measurements of total methane emissions for a region, by
looking at upwind and downwind concentrations of methane and calculating how much methane
must have been emitted to increase the concentrations. This method gives a total emission
number for a region, but does not identify the individual sources. Now I’ve greatly simplified
the process for both of these methodologies, but they each provide some measure of methane
emission. The bottom up methodologies can be compared site to site to the emission inventories
compiled by DEP from information submitted by industry. In virtually all comparisons, the
measurements exceed the leakage rates for methane reported by industry. The top down
methodology provides a comparison to the sum-total of all reported methane emissions in the
emission inventory. This comparison also indicates that the emission inventory is significantly
under-predicting the total emission of methane in Pennsylvania.



My own research in this area very clearly shows this to be the case. In 2012 my research team
measured the atmospheric enhancement of methane in NE Pennsylvania of approximately 50
parts per billion. Similar measurements three years later this enhancement of methane in the
same region was 150 parts per billion, indicating leakage of methane increased by 300% similar
to the increase in natural gas production over this time. The reported emission inventory for this
region over that same time span suggested that there was a 30% decrease in methane
emissions. Fundamentally, this discrepancy is almost certainly due to the way in which emission
inventories are determined. They are simply not an accurate assessment of real-world emissions
(note that similar discrepancies exist for calculating vehicle emissions as well, so this is not
isolated to oil and gas). The bottom-line is that without adequate monitoring and measurement
we do not have accurate numbers on methane leakage in this state. This hampers our ability to
accurately assess the gains or losses with respect to climate.

So where do we improve things? Clearly, additional infrastructure for monitoring at well pads,
compressor stations, and other facilities is required if we do want to truly understand this
issue. Measurements of leakage from buried infrastructure such as pipelines are absolutely
required. From my experience, pipeline infrastructure is very difficult to measure due to right-
of-way issues, and limited access to pipeline routes. Exacerbating this issue is that there is
currently there is no single authority to regulate all pipelines in the state, and a significant
amount of unregulated class 1 pipeline exists (an estimated 12,000 miles of pipe). Leaving poor
oversight of this potential source.

Fundamentally, a fair and accurate accounting of all of the methane leakage in the
Commonwealth is an extremely difficult but important task if we continue to produce natural gas
at the rate we are currently producing it. Given what we know about climate change and the role
of methane in exacerbating climate change, we must also ask if this is what we truly want to be
investing our resources in?

Thank you.
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Good morning Chairman Sturla and members of the committee. My name is Robert Altenburg and I am the
director of the Energy Center at Citizens for Pennsylvania’s Future (PennFuture). I would like to thank you for
giving me the opportunity to speak today on the issue of natural gas and climate change. I hope to make one
main point today: we can’t drill our way to a healthy climate.

A meaningful response to climate change is going to take significant work. The Intergovernmental Panel on
Climate Change’s (IPCC) October 2018 special report finds that to limit global warming to at or below 2E
requires at least a 25% decline in emissions from a 2010 baseline by 2030 and net-zero emissions by 2070. A
more aggressive program to limit global warming to 1.5: would require a 45% decline in emissions between
2010 and 2030 and net zero by 2050.

While the absolute amount of carbon pollution we need to reduce is important, it’s also worth looking at where
the pollution is coming from and what we can effectively influence. In Pennsylvania, our carbon pollution can
be roughly broken down into thirds with a little over a third from electricity generation, a third comes from
transportation sources, and a third from industrial, commercial, and residential uses. If we are going to reach
our goals, we need to address all these categories.

For our purposes here we can temporarily set transportation issues aside. Not because the issues are not
important, but because federal law limits what Pennsylvania can do in that area, and because only about 3
percent of the natural gas used in the U.S. goes to transportation. By comparison, a few years ago natural gas
surpassed coal as the largest source of generation on our power grid and it continues to grow.

Most of us have probably heard the claim that we are not only on track to meet our goals, but that our progress
is in large part because of our expanded use of natural gas. While that statement is built on a kernel of truth,
this is one of those cases where past performance is no guarantee of future results.

As we sit here today, Data from the U.S. Energy Information Administration (EIA) suggests we’ve already
reduced carbon emissions by 17% from 2010 levels and, if the Bruce Mansfield coal plant closes in 2021 and
the Brunner Island plant converts to natural gas as planned, all else remaining the same we could reduce our
emissions up to 21% That sounds like progress, and most of the improvement can be fairly attributed to
relatively cheap new natural gas generation replacing old coal plants, but the pathway to our carbon goals is
getting harder with every step.

Those new gas plants might produce half the carbon pollution of coal, but that doesn’t account for methane
leakage and replacing any one fossil fuel with another has diminishing returns. Bruce Mansfield is the largest
remaining coal plant in Pennsylvania and, once it and Brunner Island are not longer burning coal, there will
only be five of the large (>0.5 GW) coal plants left: Homer City, Conemaugh, Keystone, Montour, and
Cheswick.

If also we lose the Three Mile Island (TMI) and Beaver Valley nuclear plants as planned and their lost
generation is replaced with natural gas, our reductions would be closer to 18%. At that point, even replacing
the remaining five largest coal plants with gas generation might not be enough to get us to the 25% target, and



moving beyond 2030 targets will be even harder. We will have traded a fleet of old coal plants that are already
at or near their designed lifespan for much newer resources that will likely still be there in 2050 and maybe
even in 2070 when we need to be working on getting to net-zero.

The short-term successes from replacing coal in the electric generation sector also masks another issue:
carbon pollution from industrial and commercial sources in Pennsylvania has been increasing. Even accepting
the natural gas industry’s self-reported leakage data, the combined emissions from natural gas plants and the
leakage from the gas industry might exceed our emissions from coal as early as next year. If actual leakage
emissions are much higher than claimed as some reports suggest, we might already have crossed that line.

The natural gas industry is going to be part of the economy in Pennsylvania for many years, but we are no
longer in an era where we can ignore pollution as a natural consequence of economic growth. Avoiding the
worst impacts of global warming requires that we remain under a set carbon budget and that means that any
additional emissions from the natural gas sector are emissions we will need to account for later or face the
costs.

In this and future legislative sessions, we expect to see proposals that subsidize the natural gas industry,
promote expansion of markets for gas, and shield the industry from oversight. These will, no doubt, be
couched in terms of short-term economic benefits, but such actions will also create a harder pathway for all of
us in the future--we need to understand those costs too.

While it is appropriate for the Commonwealth to invest in industries that bring jobs and economic growth, fossil
fuel resources come with a risk of being expensive stranded assets. In many cases, investing instead in clean
renewable generation or energy efficiency will be the better choice.
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Good morning, Chairman Sturla, Representative Vitaly and members of the House Democratic
Policy Committee. Thank you for hosting us today and for your interest in addressing methane
emissions from Pennsylvania’s oil and gas industry.

My name is Arvind Ravikumar, and I’m an assistant professor at the Harrisburg University of
Science and Technology. I run the sustainable energy development lab’ at the University where
we work on addressing methane emissions from the well-head to the burner tip. I recently
completed my post-doctoral work at Stanford and received my doctorate in Engineering from
Princeton University.

Pennsylvania is the second largest producer of natural gas in the United States. Beyond
significant economic benefits, shale gas has helped reduce carbon pollution from the power
sector by replacing high-emitting coal plants with gas-fired plants. Projections of energy demand
in the US and around the world show an increasing role for natural gas to complement the
growth in renewables. Yet, the growth of the industry comes with its own set of environmental
impacts, chief among which are methane emissions. Methane is a powerful greenhouse gas that
contributes significantly to climate change, especially in the short term. Therefore, the key to
developing a sustainable natural gas industry is to eliminate methane emissions.

Getting to zero emissions — which has been difficult or expensive in the past — is now possible,
thanks to rapid technological innovation2. New technologies now make it more cost-effective
than ever before to reduce methane emissions. Indeed, what’s limiting effective methane
mitigation in the state is not technical feasibility. It is regulatory uncertainty. While the
Department of Environmental Protection (DEP) under the leadership of Gov. Wolf has taken
encouraging steps recently to address methane pollution, more can be done. Here I will outline
three cost-effective regulatory actions based on my research at Stanford and Harrisburg that
can help further reduce methane emissions at lower cost.

Sustainable Energy Development lab: http://www.arvindravikumar.com
2 A.P. Ravikumar et al. (2018). Getting to zero — methane emissions from the oil and gas industry. Stanford Natural
Gas Initiative Policy Brief No. 6, August2018. LINK


































