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Commitment Due to Unavoidable
Global System Lags (Delays)

Total Lags in Climate System
= 3.0°C by 2100

CLIMATE SCIENCE CONTRIBUTORY FACTORS
TO TOTAL MINIMUM UNAVOIDABLE WARMING

Inertia, lags, and momentum cause delayed,
unavoidable, additional global average temperature
increases.®

1. Duration of warming - 1000s of years
NRC, Climate Stabilization Targets, 2010

2. Lifetime of GHG emissions in the atmosphere
20% of CO2 lasts 1000 years (IPCC, 2007)

3. Today's global emissions scenario
Highest emissions IPCC A1FI (fossil fuel intensive)

4. Time from rapid reduction of emissions to
atmospheric GHG stabilization (assuming an
emergency response to a zero-carbon emissions target)

5. Delayed warming from ocean heat lag (NRC, 2010)

6. Deferred warming due to air pollution aerosol
cooling (we apply to 2100)

Socio-Economic Inertia

= 4.4°C by 2100
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Unavoidable Sources of Warming

4. Shortest possible time
to atmospheric GHG stabilization 5. Ocean heat lag

Temperature change IPCC 2007 Commitment
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Total Committed Warming

Unavoidable Temperature Increase
According to Climate Science

Feedbacks to 2.6° by 2100

Aerosol cooling factor

Ocean heat lag by 2100

Before 2100

Rapid emissions cut to stable
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Increasing Temperatures

2012 Record U.S. Land Projected July Temperature
Temperature for June-Aug Difference, 2000-2050

Land & Ocean Temperature Percentiles Jun-Aug 2012

NOAA's National Climatic Data Center
Data Source: GHCN-M version 3.2.0 & ERSST version 3b
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. US. Global Change Research Program
@ Global Climate Change Impacts in the United States

2009 Report
We are tracking the highest
. emissions scenario
Observed Changes in Annual for late 2100
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Impacts on Food
NRC Climate Stabilization Targets 2010

For C3 crops (rice, wheat, soybeans, fine Processes not adequately quantified
grains, legumes) in temperate regions, nor captured in the models):
models show decline at +1.25-2°Cin global ( P )
average temperature. * responses of weeds

» Insects
For C4 crops (maize, sugar cane, millet, * pathogens S
sorghum), even modest amounts of warming + changes in water resources - irrigation
are detrimental in major growing regions « effects of s_:hanges in surface ozone levels
given the small response to CO2. + effects of increased flood frequencies

+ responses to extremely high temperatures

Most crop modeling studies have not

Climate Stabilization Targets NRC 2010 considered changes in sustained droughts.
0 . B Nonlinear temperature effects indicate severe
. - |JS Maize damages to U.S. crop yields under climate change.
- — W. Schlenkera, M. J. Roberts, PNAS 2009
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. U.S. Global Change Research Program
@, Global Climate Change Impacts in the United States
-7 2009 Report

Agriculture in the Northwest

"Agriculture, especially production of tree fruit such as
apples, is also an important part of the regional economy.
Decreasing irrigation supplies, increasing pests and
disease, and increased competition from weeds are likely
to have negative effects on agricultural production.”
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U.S. Drought 2012

U.S. Drought Monitor

June 19 July 31 August 31 September 18

Drought _ ‘ -« .
Severity Minor Moderate Severe Extreme  Exceptional

Drought Drought Drought Drought Drought

http://droughtmonitor.unl.edu/drmon.gif



Crop
productivity

US agriculture
EPA

Drought
under
global
warming:
a rev_iew
A DRY CONDITION
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Projections of Future Drought in the
Continental U.S. and Mexico

B . — R—
- - Increase in Summer Drought

preindustrial

C from

2011
M. Wehner, R. Heim,
R. Vose, B. Santer,
Lawrence Berkeley
National Laboratory

"Even in regions where rainfall increases, the

soils will get drier. This is a very robust finding." gﬂm&

ouble
"The areas colored dark red-brown will suffer Triple
severe and permanentdrought conditions if the Quadruple
average global temperature rises 2.5 degrees
this century.” Floods and Droughts in a Changing Climate - Now and the Future

Center for Ocean-Land-Atmosphere Studies
http://www.ipsnews.net/2012/05/action-needed-now-to-prepare-for-severe-drought/ Calverton, Maryland




Even the Pacific Northwest is
Committed to Increasing Drought

Chronic 2000-04 Drought, Worst in 800 Years, May Be the 'New Normal’

Science Daily, 29 July 2012
"The chronic drought that hit western North America from 2000 to 2004 [...] was the strongestin

800 years, scientists have concluded, but they say those conditions will become the "new normal”
for most of the coming century. Such climatic extremes have increased as a result of global

warming, a group of 10 researchers reported July 29 in Nature Geoscience."

Reduction in carbon uptake during turn of the century drought in western North America
— C. R. Schwalm et al, Nature Geoscience, 29 July 2012

o
2

E =

[}

o

o

§]

[}

L

o

m

E -2

L

f 1900 1940 1950 2020 2060 2100

Year

6000-Year Climate Record Suggests Longer Droughts, Drier Climate for Pacific Northwest

Science Daily, 23 February 2011
"Western states will likely suffer severe water shortages as El Nifio/La Nifia wields greater influence

on the region.”

Drought variability in the Pacific Northwest from a 6,000-yr lake sediment record
— D. B. Nelson et al, PNAS, March 2011



The Arctic

Loss of Northern Hemisphere Snow
and Summer Sea Ice Albedo Cooling

Unavoidable loss of Arctic albedo - feedback affecting

the temperate N hemisphere. ;
Sea ice volume anomaly

All sea ice models project virtual s
total loss of Arctic summer ice, , 9 o
> 50% project possible abrupt loss. ' 29 June 2012
Most experts, based on sea ice : -

extent models, say it is decades

away. A few say itis years away, by

accounting for the very rapid loss of |

sea Ice volume. i e ol

Impact on N.H. crop productivity
Expected effects are increasing:

» climate variability

+ severe storms 6 the Bir condiionss of the entire northern homisphere
« heat waves

+ drought

+ floods
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Northern Hemisphere Drought

Global Drought Monitor Pt 18 momths  July 2012

Global drought (PDSI) has been
steadily increasingfor the past 30
years. There is a recent trend of
increasing N. hemisphere drought .

Popudation In the current view under exceptional drought
214,986,000

Factor

Our 3°C total by 2100 does not include the
large Arctic feedbacks, which are not in the
models. They are all operant already.

1.

2.
3
4

Loss of snow and summer sea ice albedo
cooling
Warming peat-rich wetlands (CH4)
Thawing permafrost (CH4, CO2 & N20)
‘Melting’ subsea floor methane hydrate
Average Monthly Arctic Sea Ice Extent
July 1979 - 2012
Record
2012 v
Arctic
Sealce
Loss

Median sea ice Record low sea ice
20 September 20 September
1979-2000 2012




Loss of Albedo from Loss of Show Cover

Departure from Normal - June 2012 Record Arctic Snow Loss May Be
Increasing North American Drought

Northern hemisphere snow coverage, in
millions of square kilometers, as compared to
the post-1967 average.

Image: Rutgers University Climate Lab

Northern Hemisphere Snow Cover Anomalies
1967-2012 June

Variation from
the post-1967
historical norm
in June snow
cover, June
2012.
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N.H. Show, ancMrctic Sea Ice Albedo Cooling

Snow cover
April 2001
NSIDC

KML

The albedo of Arctic sea
ice and North Hemisphere
snow are about the same
and about double
previous estimates.
—M. Flanner, Nature
Geosc, 2011
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Show nas B

Arctic Albedo 'ow has t‘e most albedo and
loss - more open ocean water the least.

NH drought

Rapid loss of NH snow (record
2012) may be further increasing
NH drought.
— David Robinson, Snow Lab,
Rutgers University 2012

Loss of Arctic summer sea iceis
projected to increase NH drought
and climate variability. It is
affecting the jet stream with
tropical weather moving north, and
the "blocking effect” is prolonging
extreme weather.

— J. Francis, 2009, 2012
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Arctic Albedo S&)W WES th‘e most albedo and
loss - more open ocean water the least.
NH drought

Rapid loss of NH snow (record
2012) may be further increasing
NH drought.
— David Robinson, Snow Lab,
Rutgers University 2012

Loss of Arctic summer sea iceis
projected to increase NH drought
and climate variability. It is
affecting the jet stream with
tropical weather moving north, and
the "blocking effect” is prolonging
extreme weather.

— J. Francis, 2009, 2012



Where are we headed ?

> 12.0°C eventual upper
123 range of full warming A1F1 (today)

W8 > 9.0°C full eventual mean
warming over centuries
after 2100

3. The Current Emissions Scenario
Worst case IPCC Al1FI

Significance:

= Unavoidable potentially irreversible greater degree of warming by
locking in fossil fuel energy dependency

14.4

» Continued deferred warming from aerosol cooling

>7°C Most of planetuninhabitabledue to
intolerable heat stress (S. Sherwood, M. Huber 2009)

12.6 | AT ALK,

+ Higher unavoidable warming from larger incurred feedbacks

Today’s world economy Is fixed on the worst case IPCC fossil fuel intensive

emissions scenario of A1FI, with no agreement or plan to be changed. -
probability Realized warming
f;o;oi(\:lg 'thTOUKhMet Of:ice an;i ?Sét)s gzozlf)c))é)rojelctdq me:an Wta‘rngt;)’ increase about half eventual
. in 10 chance of over 7. y . including terrestrial carbon committed warmin
feedback. That is a full eventual mean warming after 2100 of over 9.0°C. 6 10.8 Ny 2200 NRG 2010" 9
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