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2015 was the warmest year on record (by 20%)
15 of the top 16 warmest years have occurred since 2000
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Heat Waves

e Most lethal type of climate impact
e Nine of the 10 deadliest heat waves have occurred since 2000
e 140,000 deaths around the world since 2000

e Extremely high temperatures observed once in 20 yrs will occur
every 2 to 4 yrs by mid-century

e Monthly global heat records have been broken 34 times since 2000
e The last cold record was set 1916, and the coldest year was 1911
* In Hawaii

— High heat is stressing the HECO grid with calls in the
turn off our air conditioning at home

— Hawaii appears to be taking no action on this issue

ars to

Seneviratne, S.l., Donat, M., Mueller, B., Alexander, L. ,2014, No pause i
http://www.nature.com/nclimate/journal/v4/n3/full/nclimate2145.ht
umou, D., Robinson, A., 2013 Historic and future increase in the glob

I: 10.1088/1748-9326/8/3/034018



Changing Precipitation

e Global drought has increased 10%
e Global extreme rainfall has increased 12%
e 335 weather-related disasters/year
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— up 14% from 16
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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/s10584-015-1434-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.



Food

.'*Global wheat provides 20% of \
~ human protein.

— Rising CO, decreases nutrientand |,
protein content. |

— By 2050 demand will increase by 60%
(9 billion people)

— But wheat yields will decline by 15%.

~* Food prices are projected to double  //B%\
- by 2030 A 1
- — Local food production is critical )2 )
— Dependent on irrigation PR~ ‘),x/ A7 '
Y )L S




Rain in Hawaii
In Hawaii, future rainfall still unclear
— Decreased winter rain in dry areas
— Longer and drier dry season

— Greater demand on irrigation

— Intense precipitation (flooding) occurr
‘some areas
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Kossm in ard migration of the location of tropical cyclone maximum intensity, Nature, 509,-349-352 (15 May)

Muraka i, Hie Qjectedlncrease in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890




Optimism About Climate Change

 Energy transformation appears to be solidly underway
— 2005 coal, 50% of US power

— 2015 coal is down to 34%

e CQP21 provides a frameworl/for global action
Comparedto unchecked global warming, keeping the
reri |gw 2°C would reduce:
— Heat waves by 89%,
— Flooding by 76%,

— Cropland decline by 41% and
—\ Water stress by 26%.

UK — AVOID Project: http://www.avoid.uk.net/indcs/
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Global Mean Sea Level Change
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The literature is FILLED with SLR projections to 2100
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Global mean sea level rise
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Equatorial Pacific may experience sea-level heights 10 to 20%
greater than the global mean (IPCC-AR5, 2013)
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Sea level rise will not stop at 2100

Sea Level (m)

Levermann et al., 2013 The multimillennial sea-level commitment of global warming, PNAS, 110.34, 13745-13750
Clark, P., et al. (2016) Consequences of twenty-first-century policy for multi-millennial climate and sea-level change. Nature,
PUBLISHED ONLINE: 8 FEBRUARY 2016 | DOI: 10.1038/NCLIMATE2923




What will ICAC report look like?

New York State

Storm surge
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Hawaii ICAC modeling

e Static sea level rise

 Groundwater inundation (Rotzoll and Fletcher,
2013)

e Coastal erosion (Anderson et al., 2015)

e Seasonal (non-storm) wave inundation
(XBEACH)

e 100 yr coastal flooding




Modelers

Tiffany Anderson, PhD
Coastal Modeler

Matt Barbee, MS
Cartographer
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First test area — Ewa Beach, Oahu
64,000 pop., 50% growth since 2000




First test area — Ewa Beach, Oahu
64,000 pop., 50% growth since 2000
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First test area — Ewa Beach, Oahu
64,000 pop., 50% growth since 2000




Bathymetric
mapping




U.S. Army Corps

Joint Airborne Lidar Bathymetry Technical Center of Expertise
2013,1m,31cm




Static + Groundwater Inun
3.2 ft, 2100

/ U PaciOOS | Sea Level Rise H..

-hawaii.edu/paci

BASEMAPS
COASTAL EROSION
| Vegetation Line (Current)
12030
| 2050
2075
2100

SEA LEVEL RISE BY DEPTH

i B B PP ) J A \ B s v iy | - SLR Inundation
i Ewa Beach L] 4 v Ll b A v W 3 A A = = -
HernE.‘]taig;\_Sc}nul b _, 5 E .n \ ; — i ’ < a = Y i A B g

SLR Confidence

| .*‘_'_ r
. ey | :
llima ht_grmediale schoal

SEA LEVEL RISE BY YEAR

SLR Inundation: 2100 (3.2 ft)

BRieohakes . T
Elementary. Schoal®
e S8

. - o T o3 2 |
o B craviiaEstates ol (. WAVE INUNDATION
Vol ; et
Beauty By, ieno_ Z ¥

Wave Inundation Depth

Wave Inundation Speed

1
Ewa B‘Each‘ iy
A kR ¥ BaptistiGhurch
.3\.;;5‘;:_\. - ._&t’
|1 Sea Level Rise '
* Scenarios
&

* W 2100:3.2ft * v
o H 2076: 2.0 ft g O
. I:Izosnn.ms- o
. [12030: 0.5t p/T
' D2015:0.3ﬂ~¥‘
% [ low-lying

Leaflot | Data ® UH/SOEST/CGG




Static + Groundwater Inundation
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The SLR “Critical Point”

Kane, H., Fletcher, C., Frazer, N., Barbee, M. (2015) Critical elevation levels for flooding due to
sea-level rise. Regional environmental change. DOI:10.1007/s10113-014-0725-6

Managers find it useful to not only plan for a critical elevation, but
also the timeframe in which the critical elevation may be exceeded.

Critical Point




Doubling of coastal erosion under rising sea
level by mid-century in Hawaii

Tiffany R. Anderson, Charles
H. Fletcher, Matthew M. Barbee, L. Neil
Frazer & Bradley M. Romine

Natural Hazards

Journal of the International Society ISSN 0921-030X Volume 76
for the Prevention and Mitigation of o

Natural Hazards

ISSN 0921-030X

Nat Hazards
DOI 10.1007/511069-015-1698-6

@ Springer

Anderson et al.,
2015

~92% and 96 % of
shorelines are projected
to retreat by 2050 and
2100 (resp.)

80% of projections range
up to 80 ft of erosion by

2050 and 200 ft of
erosion by 2100

Twice historical
extrapolation by 2050




Modeling Shoreline Change with SLR
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Represents past behavior - does not include future increases
in SLR

Use a geometric model to account for additional changes due
to increased SLR, and combine with historical change




Hawaiian shoreline, while overall erosional, has
high alongshore variability due to sediment
availability

Shoreline Change Trends

== Erosion
== Accretion




Coastal Erosion
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Coastal Erosion
3.2 ft, 2100
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Simulating Seasonal Wave Inundation
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Simulating Seasonal Wave Inundation
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Simulating Seasonal Wave Inundation
with XBEACH
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Ewa Beach — Wave Inundation
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Ewa Beach — Wave Inundation
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Ewa Beach — Wave Inundation

Elevation (m)




Ewa Beach — Wave Inundation

Elevation (m)




Ewa Beach — Wave Inundation (4ft

Elevation (m)




Wave Run-Up, Erosion, and Static Flooding
— North Shore and Windward Side




