Update on climate trends in
Hawalili



2010¢ Tied as warmest year
1.3&F (0.8C) total warming

Global Temperature Anomalies (" C)
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NASA Goddard Institute for Space Studies, NY, NY  http://data.giss.nasa.gov/gistemp/




Indicators of a Warming World

‘Glaciers Humidity

Temperature Over Land

Temperature Over Oceans

l Snow Cover Air Temperature Near Surface (troposphere)

‘ Permafrost retreating poleward Sea Surface Jemperature

, Global Winds Accelerating

l Ilce Sheets
Tree lines shifting poleward and upward

Sea Level

Ocean Heat Content

Species migrating poleward and upward
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Some scientific conclusions have been so thoroughly examinec
and tested, and supported by so many independent observation
and results, that their likelihood of being found wrong is

vanishingly small. Such conclusions are then regardedttsd
facts. This is the case for the conclusions it Earth system is
warming and that much of this warmingusry likelydue to
human activities

very likely= 9099% probability

XauUNRYy3I SOARSYOS 2y Of AYI OS
actions to reduce emissions and begnapting to impacts

Advancing the Science of Climate Chamdgtional Academies: http://americasclimatechoices.org/



Hawali Climate is Changing

A Air temperature is ,
A Rainfall {15%) and stream discharge have decreased
A Rainstorm intensity has increased (+12%)

A Sea surface temperature is rising (®PBSlecade)

A Ocean has grown more acidic

A Sea level is rising

Fletcher, C.H. (2010) Hawaii's Changing Climate (7p) University of Hawaii Sea Grant College Program, Center fog Klapth@dimand
Policy, Honolulu



Temperature Trends

1905-2006

Linear Trends

Honolulu: 0.23 °C per decade
Lihu'e: 0.23 °C per decade
Hilo: 0.12 °C per decade
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Temperature Trend at Haleakala

Haleakala
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1919-2006: 0.043°C/decade*
1975-2006: 0.087°C/decade

1919-2006.
1975-2006:

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Gi ambel |l uc a, H. F. Di az, and
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Trendin freezing level

illustrates warming of the lower atmosphere and upward shift of temperature surfaces for the past several deca

Linear Trend: 1.6 m yr’’
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Henry F. Diaz, Thomas W. Giambelluca, Jon K. Eischeid, 2011, Changes in the vertical profiles of mean temperatyr@ dinel Hamadian
Islands, Global and Planetary Change, doi:10.1016/j.gloplacha.2011.02.007
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Inversion

Condensation



Lifting Condensation Level

LCL at Hilo
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Henry F. Diaz, Thomas W. Giambelluca, Jon K. Eischeid, 2011, Changes in the vertical profiles of mean temperatyr@ dinel Hamadian
Islands, Global and Planetary Change, doi:10.1016/j.gloplacha.2011.02.007



Rainfall {15%)

Percent Change NOAANCDCH™
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While U.S. annual average precipitation has increased about 5 percent over the past 50
years, there have been important regional differences as shown above.

P. Ya. Groisman, R.W. Knight, T.R. Karl, D.R. Easterling, B. Slwawkithore 2004 o0Cont emporary changes of the
United States, trends derived fiamitwo b s e r vJaurnial ofiHgdtometes(hloGyB5.




1913-2008 ANNUAL RAINFALL
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Rain Intensity (+12%)

Percentage increase in
very heavy precipitation
(heaviest 1% of all
events) 1958007

Percentage Change in Very Heavy Precipitation
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0-10% 10-20% 20-30% 30-40% 40-50% >60%

P. Ya. Groisman, R.W. Knight, T.R. Karl, D.R. Easterling, B. Slwawkithore 2004 o0Cont emporary changes of the
United States, trends derived fiamitwo b s e r vJaurnial ofiHgdtometes(hloGyB5.



Stream Discharge
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Satellite Altimetryc 3.1mm/yr
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Sea Level




Erosion 1s the dominant trend on
Hawalil beaches

Hawall, overallkauai, oahu, Maui)
A 70% of beaches eroding
A 13.6 miles (9%) of beaches: -

completely lost to erosion
A Avg. rate =0.4 ft/yr

Source: Fletchest al (in press) National assessment of shoreline change: historical shoreline changes in the Hawaiian islandie (¢@@S open
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B 1-yr wave inundation plain
1 5-yr wave inundation plain
] 10-yr wave inundation plain
B 25-yr wave inundation plain
Bl Eroded Beach




Feet above present

6.6

5.04

3.3

Sea level Estimates2100
2.510 6.2 ft

1m

1.6

IPCC Rahmstorf Pfeffer Grinsted Vermeer Jevrejeva

2007 2007 2008 2010 2009

2010



Projected Sea Level
2.56.2ft Vermeer and Rahmstorf, 2009

Worst case
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lce Mass (Gt)

2338 .88838

1000

Greenland Ice Mass
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lce Mass (Gt)
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Combined Greenland + Antarctica melting =
9 inches sea leveise by 2050
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Rignot, E., I. Velicogna, M. van den Broeke, A. Monaghan, and J. Lenaerts (2011), Acceleration of the contributerianot the Gre
and Antarctic ice sheets to sea level rise, Geophys. Res. Lett., doi:10.1029/2011GL046583, in press.




Thermal expansion of shallow ocean
3.5 Inchesea levefise by 2050

—— 3-month average

Heat content (10??Joules)

Yearly average
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Cazenave, A., Llovel, W,, 2010, Contemporary sea
level rise, Ann. Rev. Mar. Sci., 27315



How high?

Total rise of
1 ft by 2050 7.6 mm/yr
2.510 6.2 ft by 2100

What assets are vulnerable to 1 ft of sea level rise?

Rignot, E., I. Velicogna, M. van den Broeke, A. Monaghan, and J. Lenaerts (2011), Acceleration of the contributesiantl the Gre
and Antarctic ice sheets to sea level rise, Geophys. Res. Lett., doi:10.1029/2011GL046583, in press.
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