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What we’re seeing has no precedent

2014 was the hottest year to date
2015 smashed records by 20%
2016 has 98% probability of setting new record

The past 8 months have been the warmest months
ever

15 of the top 16 warmest years have occurred since
2000

Carbon dioxide levels in the atmosphere grew more in
past 12 months than at any time in the past 56 years.

U.S. Energy Information Administration foresees
continued dominance for coal, gas and oil with 34%
rise in their use by 2040

http://www.eia.gov/forecasts/ieo/




What will tHg Nifwore look like?

Heat Waves

Extreme Rain

Failure of Trade Winds
Active Hurricane Season
_arge Winter Waves
Drought

High Ocean Temperature
Coral Bleaching




El Nino

e More El Ninos

 They will be more powerful

Cai, W. et al. (2015) Increasing frequency of extreme El Nifio events due to greenhouse warming. Nature Climate Change 4, 111-116 (2014)
doi:10.1038/nclimate2100

Kossin et al., 2014 The poleward migration of the location of tropical cyclone maximum intensity, Nature, 509, 349-352 (15 May)
Murakami, H., et al., 2013 Projected increase in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890
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EXt reme Ra i n King Street

August, September, November had 11 days of
record-setting rainfall causing flooding

2015 had 9 months of below average rainfall
Currentlywe are in a declared state of drought

Globa[,fﬁrought has increased 10%

Global.extreme rainfall.hassincreased 12%
S—

J.Lehmann, D.Coumou, K.Frieler. Increased record-breaking precipitation events under global warming. Climatic Change, 2015; DOI: 10.1007/s10584-015-1434-y













Elison Timm, O. et al., 2014. Statistical Downscaling of Rainfall for the Hawaiian Islands using CMIP3 and CMIP5 Model Scenarios. Asia-Pacific Data-Researc

IPRC http://apdrc.soest.hawaii.edu/projects/SD/ (03/19/14)
Chu, P.-S., Y.R. Chen, and T.A. Schroeder. 2010. Changes in Precipitation Extremes in the Hawaiian Islands in a Warming Climate. Journal of Climate 23(18):4

doi:10.1175/2010JCLI3484.1




Increased Storminess

Record 15 TC in 2015

TC paths shifting to the north.
TC more violent.

Greater frequency in El Nifo years.
More strong El Nifio years.

Tippett, M. and Cohen. M. Tornado outbreak variability follows Taylor’s power law of fluctuation scaling and increases dramatically with
severity. Nature Communications, 2016; 7: 10668 DOI: 10.1038/ncomms10668

Cai, W. et al. (2015) Increasing frequency of extreme El Nifio events due to greenhouse warming. Nature Climate Change 4, 111-116 (2014)
doi:10.1038/nclimate2100

Kossin et al., 2014 The poleward migration of the location of tropical cyclone maximum intensity, Nature, 509, 349-352 (15 May)
Murakami, H., et al., 2013 Projected increase in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890







Congressional Budget Office

Hurricane damage will “increase significantly in the coming
decades” due to climate change.

CBO - Potential Increases in Hurricane Damage in the United States: Implications for the Federal Budget: https://www.cbo.gov/publication/51518




Large winter waves










Centre for Research on the Epidemiology of Disasters, UN International Strategy for Disaster Reduction http://reliefweb.int/report/world/human-
cost-weather-related-disasters-1995-2015

J.Lehmann, D.Coumou, K.Frieler. Increased record-breaking precipitation events under global warming. Climatic Change, 2015; DOI:
10.1007/510584-015-1434-y

P. W. Thorne, J. R. Lanzante, T. C. Peterson, D. J. Seidel, K. P. Shine, “Tropospheric Temperature Trends: History of an Ongoing Controversy,” Wiley Interdisciplinary Reviews: Climate Change 2010, doi: 10.1002/wcc.80.
















Greenland and

Antarctica are

both losing ice
very rapidly




Greenland is melting




West Antarctica is collapsing




NBC news West Antarctic collapse
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Hansen et al., 2015; Church and White, 2011; Nerem et al., 2010; Hay et al., 2015; Yi et al., 2015




Estimates of sea level rise
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Procedures to evaluate sea level change: Impacts, Responses, and Adaptation. Technical Letter, no. 1100-2-1, 30 June, 2014.
http://www.publications.usace.army.mil/Portals/76/Publications/EngineerTechnicallLetters/ETL_1100-2-1.pdf




1.0
08
0.6

04

Elevation (m)

02 17cm

.—"'/

2000

0

IPCC, AR5, 2013







Storm drains
back up at high
tide.




High Tide, Miami - S400 M in pumps
and cisterns




Ft. Lauderdale




Del Rey Beach




Boca Raton




Key West




Vadose
one

Ground Level

Water Level
0.33 m (MHHW)

Water Level
0 m (MSL)

Vadose Zone

Cultural Surveys Hawaii, Job Code WAIKIKI 59, 2011













Ewa Beach — Wave Inundation




Ewa Beach — Wave Inundation
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Waialua/Haleiwa, Oahu 2100
Erosion and Flooding
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Waimanalo, Oahu 2100
Erosion and Flooding




Elevate and yield to water




Waging war with water is a fight you never win.




Wave Run-Up, Erosion, and Groundwater
Flooding — OAHU




2050 scenario —

Blue — marine
Purple — low-lying




2100 scenario —

Blue — marine
Purple — low-lying




2050 scenario —

Blue — marine
Purple — low-lying




2100 scenario —

Blue — marine
Purple — low-lying




2050 scenario —
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2100 scenario —

Blue — marine
Purple — low-lying




Honolulu
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