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U.S. National Academy of Science and Engineering
May 29, 2011

Some scientific conclusions have been so thoroughly examined
and tested, and supported by so many independent observations
and results, that their likelihood of being found wrong is
vanishingly small. Such conclusions are then regarded as settled
facts. This is the case for the conclusions that the Earth system is
warming and that much of this warming is very likely due to
human activities.

very likely = 90-99% probability

...strong evidence on climate change underscores the need for
actions to reduce emissions and begin adapting to impacts.

Advancing the Science of Climate Change ~ National rg
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NASA Goddard Institute for Sp: dies, NY, NY  http://data.gi

“..the debate on the authenticity of global warming and the role played by human activity is
largely nonexistent among those who understand the nuances and scientific basis of long-
term climate processes. The challenge, rather, appears to be how to effectively
communicate this fact to policy makers and to a public that continues to mistakenly perceive
debate among scientists.”

97 out of 100 climate experts think

humans are changing global temperature

Rl

Doran ot al 2009, Andersgg et 1 2010

Doran, P.T, Zimmerman, M.K., 2009 Examining the scientific consensus on climate change, EOS, v.90, no.3.

Temperature Anomaly ( C)

New record in the Arctic — 2" year in a row
“Arctic Amplification”

Surface Temperature Anomaly, 64°N - 90°N, 1880-2011 (°C)
(base period 1951-1980) (source: NASA GISS)

Global Surface Temperatures
Four independent records show nearly identical long-term warming trends
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—— NASA Goddard Institute for Space Studies

2010 - Tied as warmest year
0.4 2011 - Ninth warmest year
1.4°F total warming
~0.3°F/decade
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Global Surface Temperature Change, J. Hansen, R. Ruedy, M. Sato, K. Lo, 2010, NASA Goddard Institute for Space Studies, NY, NY
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Weird weather-added heat in the Arctic (sea ice retreat)
influences the jet stream and may make extreme weather and
climate events more likely.

July, 2012 was the hottest month on record in the contiguous U.S.

June-August hottest global land temperature ever recorded
July 2012
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Temperature Anomaly

Drought of historic proportions — 4/5ths of U.S.
On July 11, 2012 the U.S. Department of Agriculture announced more than 1000 counties
in 26 states qualified as natural disaster areas — largest natural disaster in U.S. history.

“Extremely hot” summer

Northern Hemisphere Temperature Anomalies, 1951-2011

have gone from g

1% of the land area, to 10% of the land area; 75% of land area
experienced summers in the *hot” category during the past decade, compared to only 33% during the 1951 to 1980 base period

Seasonal mean temperature 1951-1980 plotted at top of the curve. Decreasing in frequency to the right are
"hot" anomalies (1-2 ), "very hot” (2-3 o), "extremely hot” (>3 o).

Shifting Distribution of Summer Temperature Anomalies
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Hansen, L, Mki. Sato, and R. Ruedy, 2012: Perception of Climate Change, Proc. Natl Acad. Sci, 109, 14726-14727, £2415-£2423, d0i:10.1073/pnas. 1205276109,




Indicators of a Warming World
'Glaciers Temperature Over Oceans

Sea Surface Te it
Temperature Over Land 28 SUrace "SMperure.

‘ Snow Cover Humidity

| Extreme rainfall events are more frequent

‘ Permafrost retreating poleward

[ Extreme warm events in winter more prevalent than cold events |

-_—
Tree-lines shifting poleward and upward

I . ’ Global Winds Accelerating
-

1 Tropics expanding
o
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9 Spring coming earlier
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Species migrating poleward and upward QOcean Heat Content
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http://www.cfr.org/climate-change/crisis-guide-climate-change/p17088
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The Orographic Cloud

Orographic Cloud
Trade Wind Inversion (TWI)
lLifting Condensation Level (LCL] Orographic
Lifting Trade Winds

Orographic Rainfall
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Giambelluca et al. 2011. Regional climate trends in Hawai‘i. American Geophysical Union Fall Meeting, Abstract GC218-0898.




http://www.youtube.com/wat
ch?v=VEuEqgdJXHg
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Mean Sea Level (cm)
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Melting of glaciers
23 cm sea level rise by mid-
century

Rignot, E., Velicogna, |, van den Broeke, M.R., Monaghan, A, Lenaerts,
J.(2011) of the f

Antarctic ice sheets to sea level rise, Geophysical Research Letters, .
38, 105503, doi:10.1029/2011GL046583
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Greenland is losing mass at about five times the rate today as it
was in the early 1990s.
Antarctica losing mass at 50% higher rate

lce Sheet Contribution to Global Sea Level

Combined

/ Groentand

Antarctica

Shepard, A, et al, 2012 A reconciled estimate of ice-sheet mass balance, SCIENCE 30 November v. 338, 6111, pg. 1183-1189, DOI: 10.1126/sclence. 1228102
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Rignot, E., Velicogna, |, van den Broeke, M.R., Monaghan, A., Lenaerts, J. (2011) Acceleration of the contribution of the Greenland and
Antarctic ice sheets to sea level rise, Geophysical Research Letters, v. 38, L05503, doi:10.1029/2011GL046583
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¢ 8-23cm (6in) by
2030

e 18-48 cm (1 ft) by
2050

¢ 50-140 cm (3 ft) by
2100

http://www.nap.edu/catalog.php?record_id=13389

Last interglacial was warmer than today and
Greenland partially melted
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Groundwater Inundation
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Sea
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level, water table, and freshwater-saline water interface
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Saltwater

Rotzoll, K., and Fletcher, C.in press, Assessment of groundwater inundation as a consequence of sea-level rise. Nature Climate Science

Marine and Groundwater Inundation

At 0.66 m, 69% of total flooded area is due to groundwater inundation

Total flooded areas including
groundwater inundation at MHHW

[ atcurrent SL
[ +033mSLR
[ +0.66 m SLR
Bl +1.0mSLR Iﬁ [ T

Rotzoll, K., and Fletcher, C. in press, Assessment of groundwater inundation as a consequence of sea-level rise. Nature Climate Science
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Waikiki MHHW + 1 ft

Waikiki MHHW + 3 ft

Waikiki MHHW + 2 ft

3/18/2013

http://blogs.agu.org/sciencecommunication/2013/02/25/agu-video-speak-
up-about-climate-change-science-communicators-say/

http://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_cli
mate_change.html
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The blue band shows how global average temperatures would have changed due to natural forces
only, as simulated by climate models. The red band shows model projections of the effects of human
and natural forces combined. The black line shows actual observed global average temperatures. As

the blue band indicates, without human influences, temperature over the past century would
actually have first warmed and then cooled slightly over recent decades.
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Surface salinity change over the period 1950-2000.
Rainfall and evaporation changes are making the oceans less salty in vast regions (blue) and more salty elsewhere (red).
Research shows that while the surface warmed 0.5°C, the water cycle has sped up roughly 4%, twice as fast as predicted by

most climate models. These results also indicate that in general, wet areas got wetter and dry areas got drier.
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¢ Hundreds of millions of people
exposed to increased water stress

* 30-40% of species at risk of
extinction around the globe

¢ About 30% of global
coastal wetlands lost

¢ Increased damage from floods and
storms

¢ Widespread coral mortality

¢ Many ecosystems severely
damaged

¢ Reduction in food production

¢ Increased mortality from heat
waves, floods and droughts

Mitigation — human inter

vention to reduce the

sources or enhance the sinks of greenhouse gases

¢ Alternative energy sources
— Renewable
¢ Energy efficiency and conservation
— Transportation/Urban Design
— Reforestation (land preservation)
— Mass transit
* Geoengineering
— Bio energy
— Carbon capture and storage
— Radiation management

Global fossil carbon emissions
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Alternative energy sources
Renewable, Electric/Hybrid mass transit

Electric/hybri
Mass transit
<1/4 cost of
gasoline,
emissions -40% |-} 2

Geoengineering
Bio energy with carbon capture and storage, Carbon Air capture,
Carbon capture and storage, Radiation management

senuestration

Blocking insolation

Reflective
surfaces
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Adaptation — actions to tolerate the effects of
warming

¢ Enhancing adaptive capacity
— Improving access to resources
— Improving education
— Improving infrastructure
— Community-based planning

e Agriculture during drought
— Improve emergency response
— Drought tolerant crops
— Rainwater storage

¢ Coastal communities

— Retreat and abandon

— Stay and defend Pacific Islands have special
needs and important skills

King ides

— Combination, phased adaptation
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