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UCAR-CAA AOAWS-ES Project Fall 2008 Meeting Agenda
10/14/2008 (FL-2 Room 3099)

Time Activity Host/Speaker

11:15am Pick-up from hotel Celia Chen

11:30PM  |Lunch

1:00pm Opening/welcome Bill Mahoney
Short briefing on AOAWS-ES Project

1:30pm FAA program plans and an overview on Bruce Carmichael
NexGen weather

2:00pm FAA icing product Frank McDonough

2:30pm - Modeling system development updates  [Bill Kuo, Jordan Powers,
- Q/A and discussions Jim Bresch

3:15pm Coffee/Tea break

3:45pm FAA turbulence product Bob Sharman
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General Schedule

14 October, Tuesday

Board of Trustees Meeting

8:30-11:30 am

Room 3131, Center Green, Bldg. 1

(Executive Session)

Academic Affiliates Meeting

7:30 am

CG1, Room 3150

(Attendees are Academic Affiliate Representatives and
interested others.)

Annual Members’ Meeting

1:00-5:30 pm

Center Green Auditorium, Bldg 1

(Open to all)

Reception for the UCAR Members and Affiliate
Representatives, Board of Trustees, PACUR, Early
Career Faculty guests, and NCAR and UCAR
management and senior staff

5:30pm

Center Green, Building 1

15 October,
Wednesday

Annual Members’ Meeting

8:30 am-3:00pm

Center Green Auditorium, Bldg. 1

President’s Advisory Committee on University Relations
(PACUR) Meeting

3:30-7:00 pm




Room 3131, Center Green, Building 1
(Attendees are the President’s Advisory Committee on

University Relations and interested others.)
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Presented at the 2008 UCAR October Meetings

Vicki Arroyo
Vice President for Policy Analysis and General Counsel
Pew Center on Global Climate Change

PEW CENTER
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1992

 President George H.W. Bush supports UN
Framework Convention on Climate Change

e Senate quickly ratifies UNFCCC

— Objective: “stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system”

— UNFCCC greenhouse gas (GHG) reductions voluntary

e Bush (41), Clinton and Bush (43) launched and
expanded voluntary programs

11
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1993 - 2000

e Senate passes Byrd-Hagel resolution opposing U.S.
participation in a climate treaty that does not
require GHG reduction commitments from
developing countries, 95 — 0 (1997)

e Clinton supports 1997 Kyoto Protocol, but offers no
legislation to meet Kyoto’s requirements

e In Congress, a "No Man’s Land” between Kyoto and
do-nothing

PEW CENTER
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2001 - 2006

e G.W. Bush opposes Kyoto, breaks promise to limit power
plant CO, emissions (2001)

e Democrats and moderate Republicans begin to offer
climate proposals (2001)

e Large minority of Senators vote for McCain-Lieberman
GHG cap-and-trade bill (2003)

e Majority of Senators vote for nonbinding resolution
supporting mandatory climate action (2005)

12




¢ No Kyoto

e Research

GHG Intensity target

Voluntary reporting

Long-term technology development

rSHGH GEMISSIONSMYYU=2000/
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1990

1991 4
1992
1993 4
1994
1995
1996 o
1997
1998 A
1999
2000 4
2001
2002 4
2003
2004 4
2005 4

2006 4
2007

Source: US EPA
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Cap and trade basics:

o Determine what facilities and GHG gases are covered by the policy

o Set the level of allowable GHG emissions — the “cap”

 Distribute tradable allowances (permits to emit) to the covered facilities

» Covered facilities must hold enough allowances at the end of the
compliance period to cover their emissions

e Those facilities with excess allowances can sell - or “trade” - allowances
to facilities that do not have enough to cover their emissions

» Trading occurs because firms face different costs of reducing emissions

e The “cap” declines over time creating scarcity and a robust market for
allowances

Cap and trade puts a price on GHG emissions and
creates an incentive to reduce emissions

PEW CENTER

Y5 Sa 0zl Tzl =Y W | Global .1\ ¢

Advantages of cap and trade:

e GHGs are well-mixed in the atmosphere, therefore...
— The location of reductions is irrelevant

— Might as well get the cheapest reductions first
Making the policy fit the environmental goal
International linkage

Providing positive incentives to innovation

Growing support and experience

But keep in mind...

¢ Some sectors are difficult to address through cap and trade.
Other policy mechanisms (R&D, sectoral programs) will
likely be needed as well

14
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e So far in 110t Congress (2007-2008) there have been
213 hearings held and 235 bills introduced
e 2007 Energy Bill has effect on GHG emissions:
— Vehicle efficiency standards
— Renewable fuel standard
— Appliance efficiency standards

e Today in Washington, “climate bill” generally =
GHG cap-and-trade bill

PEW CENTER

Global ¢ 2\
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Tough questions to answer:

What targets and timetable?
» Which industries are covered by program?

e How to allocate or auction GHG allowances? How to
contain program costs?

o How to ensure offset quality?

* How to promote rapid deployment of low-carbon
technologies? (including carbon capture & sequestration
of coal power emissions)

e How to protect US manufacturers from price advantage
for imports from countries without GHG mitigation
programs?

10

15




i

Cap and Trade Bills'in the 110 B cona -

CHANTGE

Senate

Lieberman-Warner: economy-wide, funds for technology, adaptation, and mitigating impacts.
Approximately 66% below total U.S. 2005 emissions levels by 2050

Bingaman-Specter: offsets, “safety valve” of $12/ton rising 5%/year above inflation, funds and bonus
allowances for tech R&D. Aspires to > 60% below current by 2050. Requires aggressive external
policies to avoid safety valve

Lieberman-McCain: economy-wide, technology title. 60% below 1990 in 2050

Sanders-Boxer: economy-wide, cap & trade permitted but not required, other sectoral standards. 80%
below 1990 in 2050

Feinstein-Carper: electricity sector only, funds for tech R&D. 25% below 1990 in 2050
Kerry-Snowe: economy-wide, other sectoral standards, funds for tech R&D. 62% below 1990 in 2050

House

Markey: economy-wide (7 GHGs), almost 100% auction with proceeds to tax rebates for energy
consumers, 85% below 2005 levels in 2050

Olver-Gilchrest: economy-wide, 60% below 1990 in 2050

Waxman: economy-wide, cap & trade permitted but not required, funds for tech R&D, other sectoral
standards. 80% below 1990 in 2050

11
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Covered sectors represent approximately 87% of total U.S. emissions

— Downstream on coal (power plants and industries using over 5,000 tons of
coal per year)

~ Upstream (producers and importers) on natural gas, petroleum, or coal-
based liquid or gas fuels (assuming no sequestration or destruction)

- Manufacturers or importers of >10K t/CO,e of GHGs (e.g., SF,, PFCs)
assuming no sequestration/destruction

- Facilities that emit HFCs (>10K tons) as byproduct of HCFC production
(note: separate cap for HFC consumption)

But...

- Many industrial process emissions are not covered (e.g., cement, lime, and
aluminum production) totaling roughly 104 MtCO,e (1.4% US emissions)

- Emissions from agriculture, landfills, etc. not covered — 826 MtCO,e (11% US
emissions)

16
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« Emissions caps require reductions across covered sectors below 2005 levels as
follows:
- 2012: 4%
— 2020: 19%
- 2050: 71% e
e Reductions in total e=Historical US. emissions
U.S. emissions Would o = Business-as-usud projection (AZ02008)
depend on the growth
in uncovered sectors,
use of offsets, etc.
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G|0ba| . S.3036 Boxer-Lieberman-Warner Substitute Amendment
June 3, 2008
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[U=L50 mEec 621 Parinersnizs with States and indian Tibes [ Adapsto Climats Change  @Sec 702 Aecognizing Earty acton
7.000,000,00¢ DOSec £01.EMciznt Bulldings BISec B11 Efcient Equipment and Apcllances.
s WEee 521 Eficiant Lanufachuing wSoc B4 Bonus Alawancas for Aenasank Energy Tecmnalagy
MEec 1011 Bonus Alowances for CC8 MSec 1102 Kikh-Stan for Clean Commenial Fieets
BSec, 1121 Caluiosic Biotuel OSec 1212 Inbemational Forest Frotecton
BSec 331 Agrieutiee and Farastry Bisac 532 Wonker Traming ana Assistance Fund
Ofes 582 Cimate Change Conaumer Assistance Fund OSec 602 State Economies That Rely Heavily on Manutacluimg and Coa
8,000 D6 611.TANgONamnN Secier EMisson Reauton Fuat S560. 613 Energy EMcenty & Canserdanon Biatk Grant Frogram
WSe B4 5038 Leadan in Reduting EmBsang BSer 31 State Waalite Adsptanon Fund
O3ec. 200, Low- and Zero-Carbon Electrcity Technalogy Fund E5ec 511 Advanced Researc h-Energy Transformation Acceleration Fund
SS5eq 1002, Caman Caplure and Sequestancn Tecrnology Fung D560 1112 A0van. ed Vemok Maniaciurens - Transportaton Energy Tesnnongy Fu)
BSec 1202 Federal Protection of Natural Resources. @Eec 1321 Int=mational Cl=an Energy Techaology Transfer Fung
,000,000,000 = WSec 1339 Intemational Cimate Change Adaptaton and Mational Sscuity Fund WSec 1402 Detkcit Reduction Fund
@Eec 1702 Camate Secunity Act Adminisration Fund
4,000,000 000,
2,000,000,000 fREeES
2,000,000,000-
1,000, 000,000
o
T St - N 3 - > v b of .._g. ] L]
P A L F 8 S S S P S
Year

Mote: Does not include cost-containment provisions
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Lieberman-Warnerbebate
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¢ Debate was very disappointing

* No votes were held on amendments

¢ No final vote was held on the bill itself
¢ The vote on whether to amend and have a final vote on bill failed
» Too much discussion of gasoline prices and the economy

¢ Too little understanding of the negligible effect of B-L-W bill would
have on gasoline prices and economy

Senate held a “debate” on Boxer-Lieberman-Warner GHG cap-and-trade
bill, June 2 — 6, 2008 :

15
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Cloture votes on Boxer-Lieberman-Warner (S.3036)

Carper (D-DE)
Casey (D-PA)
Collins (R-ME)
Dodd (D-CT)
Dole (R-NC)
Durbin {D-IL)
Feingold (D-WI)
Feinstein (D-CA)
Harkin (D-1A)

Lincoln (D-AR)
Martinez (R-FL)
MeCaskill (D-MO)
Menendez (D-NJ)
Mikulski (D-MD}
Murray (D-WA)
Nelson (D-FL)
Nelson (D-NE)

Snowe (R-ME)
Stabenow (D-MI)
Sununu (R-NH)
Tester (D-MT)
Warner (R-VA)
Webb (D-VA)
Whitehouse (D-RI)
Wyden (D-OR)

Burr (R-NC)
Chambliss (R-GA)
Coburn (R-CK)
Cochran (R-MS)

Hatch (R-UT)
Hutchison (R-TX)
Inhofe (R-0K)
Isakson (R-GA)

Yes: 48 No: 36
Akaka (D-HI) Inouye (D-HI) Pryor (D-AR) Alexander (R-TN) Caorker (R-TN) Jehnson (D-SD)
Baucus (D-MT) Kerry (D-MA) Reed (D-RI) Allard (R-CO) Crapo (R-ID) Kyl (R-AZ)
Bayh (D-IN) Klobuchar (D-MN) Reid (D-NV) Barrasso (R-WY) Domenici (R-NM) Landrieu (D-LA)
Bingaman (D- Kohl (D-WI) Rockefeller (D-WV) Bennett (R-UT) Dargan (D-ND) Lugar (R-IN)
NM) Lautenberg (D-NJ) Salazar (D-CO) Bond (R-MO) Ensign (R-NV) McConnell (R-KY)
Boxer (D-CA) Leahy (D-VT) Sanders (I-VT) Brown (D-CH) Enzi (R-WY) Raberts (R-KS)
Cantwell (D-WA) | Levin (D-MI) Schumer (D-NY) Brownback (R-KS) Grassley (R-1A) Sessions (R-AL)
Cardin (D-MD) Ligberman {ID-CT) Smith (R-OR) Bunning (R-KY) Hagel (R-NE} Shelby (R-AL)

Thune (R-SD)
Vitter (R-LA)
Voinovich (R-OH)
Wicker (R-M3)

Not Voting: 16

—‘Y—"

Ten signed letter indicating would not have voted for the
Boxer substitute in its current form but expressing support for
climate policy: Stabenow, Rockefeller, Levin, Lincoln,
Pryor, Webb, Bayh, McCaskill, Brown, and Nelson

Biden (D-DE)
Byrd (D-WV)
Clinton {D-NY)
Coleman (R-MN}
Conrad (D-ND)
Comyn (R-TX)

Craig (R-ID})
DeMint (R-SC)
Graham (R-5C)
Gregg (R-NH)
Kennedy (D-MA)
McCain (R-AZ)

Murkowski (R-AK)
Obama (D-IL)
Specter (R-PA)
Stevens (R-AK)

—‘-\/--'—

Six sent letters indicating would have voted yes if had been
present: Biden, Clinton, Coleman, Kennedy, McCain, and

Obama

16
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Still, something can be learned from event

¢ Underlying B-L-W bill did not have enough support — perhaps no
more than 35 — 40 Senators

» Nevertheless, a majority of U.S. Senators support mandatory climate
action, probably in the form of GHG cap-and-trade

¢ However, the design of the cap-and-trade program is still very
controversial

* Without strong presidential leadership, the debate could last for
years

17
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Boxer-Lieberman-Warner substitute calls for a detailed analysis every 3

years from the National Academy of Sciences of:
The latest scientific information and data relevant to GCC, which should:

— Address existing reports including most recent IPCC assessment
— Describe trends in and projections for total US GHG emissions, total worldwide GHG
emissions, atmospheric concentrations of GHGs, global average temperature, adverse
impacts of GCC on humans, wildlife, and natural resources, and health of the oceans
The performance of the Act in reducing GHG emissions and mitigating the
adverse impacts of GCC, including:
— The extent to which the Act and other policies...
+ will prevent dangerous atmospheric concentrations of GHGs and increases in global average
temperature
o are accelerating development and commercial deployment of low-emissions technologies
- Projected deployment of capture, efficiency, zero-emissions energy, and biological
sequestration technologies
- The extent to which the allocations and distributions of allowances and auction
proceeds are advancing the purposes of the Act, and whether they should be
modified
— Whether the Act or responses to the Act have increased release of criteria, hazardous,
and toxic pollutants
- The feasibility of reducing the cap or establishing additional policies

19
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¢ In the Bingaman-Specter bill, the NAS is called to “develop
periodic and timely reports on the status of the best
available science and the status of technologies to reduce,
sequester, or avoid GHG emissions”

¢ Additional look-back provisions focus more on whether
comparable action has been taken by foreign countries and
whether the safety-valve provisions are working;
appropriately, these questions are not directed at the
science community

19
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House Energy and Commerce Committee

o Motivated leadership
— Chairman John Dingell (D-MI)

— Subcommittee on Energy and Air Quality Chairman
Rick Boucher (D-VA)

¢ Reps Waxman (D-CA) and Markey (D-MA)
¢ Some moderate Republicans

e Very smart productive committee

e Discussion draft released October 7th

20
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Proposal highlights:

Economy-wide: covers 88% of U.S. GHG emissions

Covered sources: power plants, fuels, large industrial facilities, bulk
gas producers, natural gas LD(fs, and geologic sequestration sites

Covered emission targets: 6% below 2005 by 2020, 44% below 2005
by 2030, 80% below 2005 by 2050

Cost-containment: banking, borrowing, and strategic allowance
reserve

EPA-approved international and domestic offsets (5% of compliance
obligation in first 5 years, 35% by 2024)

Four allowance allocation options

21
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Highlights (cont.):
o FERC responsible for carbon market oversight
o Energy efficiency standards and incentives for clean

technologies

¢ Performance standards for new coal-fired power plants

But...
¢ Concerns with near-term reduction targets and

preemption of Clean Air Act and state regulations

22
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e Look back studies for overall policy effectiveness
for mitigation and risk reduction

Dingell-Boucher calls on a detailed analysis ever 8 years from
the NAS of:

— a review of the latest scientific information that
o address existing reports (e.g., IPCC, CCSP)

¢ describes trends and projections for emissions, CC indicators (e.g.,
temp, precip, SLR), and impacts on humans and ecosystems

« assesses the potential occurrence of key milestones
(e.g., 450 ppm CO2e, 2 C warming, slowing of the THC)

— an analysis of the performance of the Act and other public policies in
mitigating GHG emissions

— an analysis of the performance of the Act in reducing the risks from
CC impacts

- L P!\U.‘CENTEI
Lopk=backamingell=boucheniscussioniDran conts) Globalcen
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» Assessing state and local efficiency programs

Not later than three years after enactment NAS will conduct a
study of and develop recommendations for:

— improving the accuracy of data on vehicle miles traveled
and transportation system efficiency for the purposes of
tracking greenhouse gas emissions and

— assessing the effectiveness of policies to reduce vehicle
miles traveled and increase transportation system
efficiency

24
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e Science advisory board for adaptation

The Act establishes the NATURAL RESOURCES CLIMATE CHANGE ADAPTATION
SCIENCE AND INFORMATION PROGRAM under the National Global Warming
and Wildlife Science Center within the United States Geological Survey to:

- provide assistance to stakeholders in assessing impacts of CC
- conduct and sponsor research to aid in adaptation
- assist federal agencies in developing mandatory adaptation plans

The program is overseen by the SCIENCE ADVISORY BOARD to advise the program
on the latest science and to recommend scientific priorities:

- 10-20 members, at least half recommended by the President of the NAS
- expertise related to impacts, vulnerability, adaptation
- balanced membership from federal, state, local gov't, academe, and NGOs

"The advice and recommendations of the Science Advisory Board shall be made
available to the public."

PresidentialiCandidates B ciovar-

Candidates Support Cap and Trade

McCain is a long-time advocate for
climate action. McCain-Lieberman
cap and trade bill proposed in 2003

Obama supports 80% emission
reductions by 2050.
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The next President:

Is expected to propose a framework for GHG cap-and-
trade bill in first half of 2009;

Can focus public attention on climate change;

Can put pressure on Congress; and

Is expected to be the single biggest force in
Congressional debate.
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However:

¢ Gasoline prices and economic recession are still
likely to be issues;

e Coal, oil and gas states have the same interests,
whether represented by Democrats or
Republicans; and

in place.

o [t will take the President months to put his team

24
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States Poised to Follow California’s GHG
Emissions Standards for Vehicles
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MN: 15%
WA: 1990 levels by 2020 below 2005

NY: 10% below

ME: 10% below 1990 levels by 2020
1990 levels by 2020

VT: 25% below 1990 levels by 2012
NH: 10% below 1990 levels by 2020
MA: 10% below 1990 levels by 2020
RI: 10% below 1990 levels by 2020

CT: 10% below 19920 levels by 2020
N1: 1990 levels by 2020

CA: 1990
levels by
2020

FL: 2000 levels by 2017, 1990 levels by
2025, and 80% below 1990 levels by
2050

HI: 1990 levels by 2020

30
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M Regional Greenhouse Gas Initiative RGGI
RGGI Observer

M Midwestern Regional GHG Reduction Accord
MRGHGRA Observer
Western Climate Initiative
Western Climate Initiative Observer
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¢ Question is not whether responsibility for climate change
action should rest exclusively with the federal government
or the states, but rather how they should share
responsibility.

— Given the relative historical competencies of state and
federal ?overnments, there will be a substantial role for
each in future climate policy; history of environmental
policy shows that a shared approach is more effective

— Some aspects of policy (e.g., cap-and-trade if stringent

vl.enOtilgh) can be more effectively implemented at federal
eve

— Others (transportation, land-use planning, renewable
energy) can be more effectively achieved by states
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e Growing belief in US industry that climate action is now
inevitable and possibly desirable
¢ Increasing number of businesses:
« Want regulatory certainty

e Concerned that Supreme Court will require US Environmental
Protection Agency to regulate GHGs

e Concerned about court vacating CAIR rule (4 P more attractive
now?)

¢ Concerned with state action

¢ Concerned with US public pressure

¢ Already experience GHG regulation in European Union

¢ Want US to influence post-2012 treaty negotiations
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. "We are committed to a pathway that will slow, stop and reverse the S5
United c'['_![f“‘ growth of U.S. emissions while expanding the U.S. economy. i
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e At COP 15, the US is likely to:

— signal willingness to accept a declining cap on
US emissions, and

— insist on binding commitments of some sort
for developing countries.

e Under either Obama or McCain, U.S. is
likely to be more constructive in

negotiating a climate treaty than under
Bush.

35
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e Qverall needs from the scientific
community

— Scientific tools (e.g., regional climate models)

— Improved information delivery to stakeholders
* Accessible to the public

« Easily understood and navigated (e.g., using internet
resources)

— Framework for policymakers to understand information
provided and make decisions

— What constitutes "dangerous interference with the
climate system" (DAI)?

» Scientists and policymakers have declined to answer--
discussion of mitigation targets led by economists with a focus
on DIE (dangerous interference with the economy)

 Need well-vetted science-based arguments to inform the DAI
question to get balanced approach to setting targets

36

28




vl i ~ _ PEW CENTER
WHatSENEEH EUFNCOILY) e I

e From UCAR

— Increased integration of social sciences into University
decision-maker partnerships to develop integrated
analytical and decision-making tools

— Continued focus on scientific/environmental information
for federal and international mitigation debate

— Understanding geoengineering options and risks

— Assistance with adaptation (regional scale modeling,
etc.)

— Be proactive—what is missing?

37
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“Avoiding the unmanageable and
managing the unavoidable”*

¢ Avoiding the unmanageable — mitigation

- Emissions reduction policies at state, regional, federal, and international
levels

¢ Managing the unavoidable — adaptation

— Preparedness, resilience, ecosystem management, protecting vulnerable
populations

*Title of the UN Foundation Scientific Expert Group Report on

Climate Change and Sustainable Development 1
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The first refugees of global srobver
INDIA
.
warming BANGLADESH
[= .
Bangladesh watches in horror as much of the nation Gg;‘“’ 2 Dhaka |
ver =
gives way to sea = |
Cdlcutt.a "ﬁ‘. Meghna
By Laune Goering INDIA River
Tubume foreign conespmdenl
Published May 2, 2 Bhola Island
ANTARPARA, Bangladesh - Mul d Ali, 2 wiry 6 Id, has never driven a car, nm an air
conditioner or done much of anything that produces greenhouse gases. But on 2 warming planet, be 15 on
the verge of beconung a clumate refuges EUR.
In the past 10 years the farmer has had to tear down and move his tin-and-hamwboo house five times to ASIA
escape the encroaching waters of the buge Jamouna River, swollen by severe monsoons that scientists MAP
believe are caused by global warmmg and preater glacier melt in the Himalayas. AFRICA AREA
ow the Last of his land is gone, and Al squats on a piece of med riverbank —
the only ground available - kwnglhemwpmhx‘b)\ndlukeﬂnlund]mlhemwm:h:.
month
Saurce: £S5 Chicago Tiibune
"Whese we are standing, i five days it will be gone,” be predicts. "Our future thinking is that if this
probles is not taken care of, we will be swept away. ...
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Adaptation to Climate Change:
arich and urgent research agenda

Rosina Bierbaum
October 15, 2008
NCAR Annual meeting

NATURALY RESOURCES
ANDENVIRONMENT

UNIVERSITY OF MICHIGAN

Climate Change: What do we know?

- Past is not prologue...and the pace of change is quickening

- Infrastructure and natural resource management and planning based on the
last 100 years of climate will be wrong

- Design features of infrastructure and tolerances of species will be exceeded
«  Committed to further climate changes

- Adaptation is occurring, even if unplanned

 Degree of warming matters

- Mitigation makes a difference

- Its not just the averages that matter...

- Regional and local variances; seasonal changes; Extreme events

 Need a Portfolio Approach:

- Adaptation and Mitigation—but there are interlinkages across the two!

- Adaptive Management is needed

- In all sectors and regions

- Investment is not commensurate with the urgency of the problem...

- Need integrative regional assessments involving stakeholders
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- Need prioritization of policy-relevant research needs across fields, not
laundry lists

- Need transformational not evolutionary change

Climate Change: What do we know?

is not prologue...and the pace of change is quickening

sfructure and natural resource management and planning based on the
0 years of climate will be wrong

eqtures of infrastructure and tolerances of species will be exceeded

further climate changes
is occurring, even if unplanned

matters
ifference

that matter...
ariances; seasonal changes; Exireme events

+ Its not just the
— Regional g

+ Need a Porlfolioc Approach:

— Adaptation and Mitigation—but there are inferlinkages across the
two!

+ Adaptive Management is needed
— In all sectors and regions...simultaneously

+ |nvestment is not commensurate with the urgency of the problem...
— Need infegrative regional assessments involving stakeholders

— Need prioritization of policy-relevant research needs across fields, not
laundry lists

Global average temperature is rising
at an accelerating rate
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Period Rate
* Annual mean Years  OC par decade
) 25  0.17740.052
== Smoothed series 50 0.12840.026
[ 5-95% decadal error bars = 100 0.074+0.018

m— 150  0.045+0.012
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GLOBAL KEY IMPACTS (from IPCC WGII Technical Summary, 2008)

Increased water availability in molst tropics and high latitudss.
Decreasing water availabiity and Inareasing drougnt in mid-aiitudes and seml-ari low Lattudes
WATER
Adeitional peapls
0.4 1017 billien 1,010 20 billion 1.1 to 3.2 bill vith
=p- > - = arater stress
Incrensing amphSiAE About 20 ko 30% species at inc-
e roasingly high risk of sxtinction Walor exingions S
ECOSYSTEMS Increased coral bleaching  Most corals bleached Widespread coral mortality

Increasing spacios range shifts and wildiira risk [:;’"““i“""'" tands fowerd “"“”m:ﬂ,’ -

Low latitudes

Dacreass for some corsals. All careals decraasa
FOOD
Productivity . rassas for sama caraals Decreases in somd regions
Wid ta high latitudos
Increased damage from fioods and storms. 7.-
About 30% loss
CDAST o Caaato witands —
e o e eay’  0to Z million > 21015 million =
Increasing burden from ition, ciarrhogal, piratory and infectious d s
HEALTH Increased morbidity and mertality from heatwaves, floods and droughts
Changed distribution of ome disaase Vactors »- Substantial burden on health srvices
Local retreat of ice in Long term commitment to several Leading to recenfiguration
Greentand and West S metres of sea-leval fiss due toice S of coastlines world wide and
SINGULAR  pnearctic shaat loss inundarin of low-lying areas
EVENTS )
Ecosystom changes due to the meridional =
o 1 2 3 4 5°C
Global mean annual temp change relative to 1980-1999 {°C)

Negotiating conundrums

« How can sustainable development be enhanced while tackling climate change?
« How can we deal with increasing competition for land, water, and water

« How can we stop at a 450-550 ppm world?

- A global deal? Or not? By when?

« Where can innovation get us in the next 20-30 yrs? What is needed? What are
people willing to do?

- Will we have or can we create  ‘teachable moments’ & ‘transformative

times”?

GCRP 2000—Draft Goals for the Second Decade:

Developing and Applying Forecasts of Change at Scales Relevant to
Decisionmaking

1. Extend our Knowledge of the Earth System

2. Evaluate Vulnerability and Resilience

3. Assess global change in the context of other environmental and social changes
4. Science for Society: Information for Decisionmaking

5. Understand Global Change in Particular Locations: The Need for Integration
OSTP, 2000, draft report

33




CCSP Goals 2003

« Goal 1: Improve knowledge of past and present climate and environment,
including natural variability

- Goal 2: Improve quantification of the forces bringing about changes in
climate & related systems

- Goal 3: Reduce uncertainty in projections of how the Earth's climate and
related systems may change in the future

 Goal 4: Understand the sensitivity and adaptability to climate
and related global changes

« Goal 5: Explore the uses and identify the limits of evolving knowledge to

manage risks and opportunities.

The Revised Research Plan
(one of the court-ordered documents released in May 2008)

re-affirmed the current five goals...

Adaptation options include: planning/management,
technology, institutions, monitoring, & R&D

« Infrastructure to withstand new “extremes”
« Linking of reservoirs to enhance supply

«  Seed banks, mass propagation techniques

+ Emergency response plans

«  Early warning alert systems / surveillance

« Incentives / Disincentives / insurance

«  Prioritize lands to preserve

«  Design of migration corridors

Four essential categories of analysis needed
to develop adaptation options

- Evaluate the impacts of Multiple Stresses on systems
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- Conduct regional assessments
- Prepare for Extreme Events and their Consequences

- Explore the intersection of mitigation and adaptation

Projected changes in extremes

| Precipiiation intensity
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The Opportunity for UCAR and its Members

- Initiate regional vulnerability assessments/scenarios analyses

- Evaluate multiple environmental stresses & climate change in concert and
develop solutions that are robust

- Identify strategies to manage changes and build resilience in/across all sectors

- Help develop best practice toolkits for water management, land use change,
city planning, etc.

- Train the next generation workforce in new ways!

- Improve the flow of information to support collective action and

decisionmaking -- from the rotary club, to the Congress and the White House
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National Ocean

National Environmental

Office of Oceanic and National Weather National Marine
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Earth System Research Laboratory

ESRL Develops New Climate
and Weather Prediction Model-
the FIM

A new computational design for a global icosahedral model is
currently under development at the Global Systems Division (GSD)
of NOAA's Earth System Research Laboratory (ESRL). GSD is
collaborating with the Environmental Modeling Center at the
National Centers for F (NCEP) to h
and test this “Flow-following”-finite volume Icosahedral Model,
known as the FIM.

What is an icosahedron?
FIM is based on the principle of a solid 20-sided geometric figure known

as an i on, The FIM systam consists of a large numbar
of hexagonal cells (with 12 embedded pentagons).
Fl ing i reduce nonphysical errors

FIM's name originates from the fact that it is a finite-volume icosahedral
madel that solves shallow-water flow in combination with a flow-following
verical coordinate whose surfaces move freely according to airflow
These coordinate surfaces aloft are defined by a constant potential
temperature, making it flow following. This coordinate system allows for a
reduction of nenphysical errors in the model,

Unigque grid cell shapes allow conservative finite-volume numerics
This new grid-point model, in a sense, “molds™ over the globe providing
quasi-uniform coverage with minimal regional variation. The variations can
be kept minimal due to the shape of the grid cells. The FIM is particularly
sultable for finite-volume numerics whose conservalive operalors can be
aasily approximated as line integrals along cell boundaries.

F lally prod more numaerical weather predictions
FIM runs real-time weather forecasts twice dally as part of a verification
process proposed by NCEP. These runs and other research have proven
that the desirable “conservativeness” of the modeal can potentially result in
better overall numerical predictions.

FIM meets NOAA's Mission Goal

ESRL's efforts to improve local and global weather prediction models
anhance our customers’ prep for i o

waather- and water-related conditions. These efforts are also applied to
improving medium-range weather prediction and responding to climate
pradiction neads.
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Earth System Research Laboratory

ESRL's High-Performance Supercomputers and Facility

Where would our science be without the support of supercomputing power
to process the sophisticated equations and data volume needed in
research? NOAA's Earth System Research Laboratory (ESRL) supports
some of the nation's top scientists’ research demands with continuous high-
performance computing capabilities in a recently constructed, state-of-the-
art data center.

What is a supercomputer?

It is a system built to accommodate the storage and speed necessary io
process complicated numerical calculations. This allows extraordinarily
complex forecasts to be performed by breaking the math into hundreds of
thousands of smaller, more manageable, and reliable calculations.

c +

As technology advances, so does the need to raise the volume of complex
data and equations that can be processed by our scientists, That is why
NOAA's new R&D high-performance computer, wJet, was added to ESRL's
existing supercomputing resources, eJet and ilet. A comparison of
computing capabilities between iJet and the new wJet illuminates the rapid
development in this changing er . iletis posed of over 1300
32-bit Intel central processing units (CPUs). Each CPU is capable of 4.4
billion arithmetic operations per second. wJet raises that volume drastically
to meet both current demands and those of the future, It consists of 1424
B4-bit Intel CPUs, Each CPU is capable of performing over 10 billion
arithmetic operations per second for a total capability of 15.2 trillion
arithmetic operations per second, ranking this computer in the top 150 in
the world.

Award-winning facility

ESRL's new 2,080-square foot computing facility, housed at the NOAA
campus in Boulder, Colorado, is managed by the laboratory's Global
Systams Division (GSD). The room's award-winning design can handle the
rigorous environmental and electrical demands of wJlet. State-of-the-art
ambient air cooling and a clean-agent fire protection system, as well as
numerous sophisticated facility environment monitoring and  control
safeguards are features that add up to a highly reliable and resilient center.
It enhances NOAA's ability to facilitate the efficient and timely delivery of
products and services,

Support and applications

These robust supercomputers support a wide wvariety of applications.
Serving a number of NOAA and other research labs, plus university
collaborators, ESRL's computing system aids scientists in making short-

NOAA/DOC term weather and climate forecasts. The calculating power and volume-

325 Broadway handling storage allow scientists to produce more accurate ocean, air

Boulder, CO 80305 quality, and environmental models that lead to a better understanding of
www.esrl.noaa.gov/gsd our complicated Earth system.

Ol Infmation
System S

Conceptual Desk-top Prototype

Weather

N OfF.  Intmaton (S

OAA $ystn

Coastal

Ship
Goal: To develop a low-end, desk-top prototype capability for
displaying a wide variety of NOAA data along with other geo-
referenced information.

For further information, contact Woody Roberts, NOAA Earth Systems
Research Laboratory, Global Syst: Division, dy.roberts@noaa.gov
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Who are we?

Why do we need a DTC?

he Earth. M:
ing over land and oceans.

..
) The DTC
K ¥

NEO AFWA Frasoc

DTC's Goals are to:

What is the DTC doing currently?
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Earth System Research Laboratory

What does the Earth System Research Laboratory do for the Nation?

The mission of the Earth System Research Laboratory (ESRL) is to observe and
understand the earth system and to develop products through a commitment o
research that will advance the Mational Dceanic and Atmospheric Administration
(NOAA) environmental information and services on global-to-local scales. The
work at ESRL includes: understanding the roles of gases and parlicles that
contribule to climate cnanqe. providing cuma1e Infermaticn relalea o water

decisions, imp g weather p g the recovery
of the stratospharic ozone layer, and deved upmg the nexl gancralnm of air quality
forecast models

Background

NOAAS Office of Oceanic and A

ar the six org of NOAA
single center: the Earth System
substantially improves the research and execution of the organizations by having
four more-focused Divisions - Global Menitoring, Physical Sclences, Chemical
Sciences, and Global Systems - and a more effective and coordinated
management structure. The consclidation also will result in better integration of
science through the development of rasearch and technology themes that are
integrated across Divisions.

Recent Accomplishments:

+ Discovered new factors that cause czone poliution in the Houston, Texas area
and observed that leaks of reactive gases from petrochemical refineries
prevalent in the region are a much larger factor than were previously expected.
Payoffs: NOAA's findings reg. g ozone p in the
Housten area have altered the polucy approach of Texas air guality

air guality fi in the area and saving
70,000 ]obs and 510 billion for the state.

Established that forests and agriculture in MNorth Amerca are [|kely
sequestering a sizable portion of the carbon dioxide produced by fossil fuel
combustion in the U.5. Payoffs: This finding indicates that forestry and

could be to reduce the rate of increase of
global carbon dioxide in the atmosphere.

= Implemented a new and research called an ob;
“testbed” method, which émploys a suite of weather observation instruments to
determine the best dataset that can be used to improve forecasts of
precipitation and runoff in mountaincus coastal regions. Such short-term
forecasts in coastal areas are not as advanced as those in the interior U.S.
because of limited offshore cbservations and the blockage of conventional
weather radar beams by mountains. Payoffs: The focus on testing new
observing capabilities in regional into impi
in NOAA's observing system and fi The imp
have been used, for example, to mitigate the effects of major floods over
the U.S. west coast.

Unmanned Aircraft Systems and The Arctic
A Natlonal Oceanic and Atmosphenc Administration (NOAA) Vlswn
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