Risk Assessment of Sea Level Rise



Multiple datasets agree
on global warming



Global Warming
Has Accelerated
Significantly

“...there has been
acceleration with over
98% confidence, with

faster warming over the
last 10+ years than during
any previous decade.”

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2025GL118804









Global Mean Sea Level Rise

The rate of SLR has
—
doubled in 30 yrs

Hamlington, BD., ¢7 /. The rate of global sea level tise doublc'd duting the past three decades. Commmn Earth Emviron 5, 601 (2024). https://doiorg/10.1038/s43247-024-01761-5
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Greenland melting has quadrupled
since 2010

~20% of global sea level rise

Bevis, M. etal. (2019) Accelerating changes in ice mass within Greenland, and the ice sheets sensitivity to atmosphetic forang. PNAS, 116, 1934-1939. King, M.D., ez a/. (2020)
Dynamic ice loss from the Greenland Ice Sheet driven by sustained glacier retreat. Commun Earth Environ 1. https://doi.org/10.1038 /s43247-020-0001-2



Antarctic ice melt has tripled
since 2010 ~9% of global sea

level rise
West Antarctic Glaciers are in Irreversible Retreat

Ice loss, Gigatons

The IMBIE team (2018) Mass Balance of the Antarctic Ice Sheet, Nature, 558, pages219-222, https:/ /doi.org/10.1038/s41586-018-0179-y



Thwaites
Glacier —
fractures
migrating
upstream, rate
of ice loss has
tripled since
1990's

Banerjee, Debangshu, et al. "Evolution of shear-zone fractures
presages the disintegration of Thwaites Eastern Ice
Shelf." Journal of Geophysical Research: Earth Surface 130.9
(2025): €2025JF008352.



Glacier Mass Change 2000-2023

/
/

Glacier mass loss is 18% larger than loss from
the Greenland Ice Sheet and more than twice the

Antarctic Ice Sheet
Since 2000 mountain glaciers have lost 5% of \

their mass globally.

The GlaMBIE Team. Community estimate of global glacier mass changes from 2000 to
2023. Nature (2025). https://doiorg/10.1038/s41586-024-08545-z



Temperature change relative to global average

Thermal expansion ~38% of SL.R

Oceans
absorbing Oceans
heat from air absotrbing heat
Oc?ans Oceans from air
absorbing heat )
from air absotrbing heat

from air



Warm surface water circulates into the deep sea
causing thermal expansion wherever it goes.

This means that sea level
rise 1s essentially
unstoppable.
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Over a journey of 2000 years it
travels the seafloor, eventually
surfacing in the North Pacific.



IPCC, 2021 Assessment Report 6

Sea level is committed to rise for centuries to millennia due
to continuing deep-ocean warming and ice-sheet melt and
will remain elevated for thousands of years (high
confidence ) . [AR6 WGI SPM p.21 B.5.4]

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixcth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., e al. (eds.)]. In Press.



Sea level rise, an unstoppable reality



National Task Force — SILR Scenarios



National Task Force — SILR Scenarios

Jan 2100 Global Scenarios
High 6.55 L 8 ft rapid collapse
«—

Intermediate High  4.91 6 ft plgr!ning
B Intermediate 3.28 «— 4 ft minimum
Intermediate Low  1.64 1-2 ft SLR exceeded

B Low 0.98



Hawai‘i will see 15-20% more SLR than the
global mean



Example Area - Waikiki Hawai‘i

Planning scenario
chronology

Model results and

infrastructure
layers




Gray scale map better for viewing









Hydrostatic (passive) flooding
Blue — connected to ocean
Green — isolated from ocean but below high tide level






2050



2060-2070



2080-2100



Annual wave driven flooding
Seasonal high waves, not storm surge









52 million
gallons of
wastewater

per day



Sunset Beach — Coastal Erosion, O ft



Sunset Beach — Coastal Erosion, 1 ft



Sunset Beach — Coastal Erosion, 2 ft



Sunset Beach — Coastal Erosion, 3 ft



Sunset Beach — Coastal Erosion, 4 ft



Coastal Hardening Kills Beaches



Probabilistic erosion hazard zone
with 4 ft SLR






Storm
drain

backflow



Stormwater drainage failure - red dots
Drainage backflow - green












Groundwater inundation
wetland at high tide



Groundwater inundation
Emergent (<1 ft) and shallow groundwater (1-5 ft)



SLR will bring
polluted
groundwater to
the surface

Groundwater
Pollution

WWII diesel fuel
and gasoline






Waikiki
Dec. 5, 2021

o Sea level rise flooding
today involves
> Rain
- Extreme tides
o Onshore winds
o Large waves



Compound flooding (rain at high tide)
December 2021 Kona storm









All impacts at once



Climate Research Collaborative Data in Hawai‘i Law

Statewide:
* Mandatory disclosure of sea level rise in real estate transactions
* Hawai‘i Revised Statutes § 508D-15(5)
* Required analysis of sea level rise in the Hawai‘i Environmental Policy Act
* Hawai‘i Revised Statutes Chapter 343
* Hawai‘i Administrative Rules §§ 11-200.1-13, -18, -21, -24

County Ordinances:

e Shoreline Setback Ordinances in Kaua‘i County, Maui County, and the City & County of Honolulu
* Hawai‘i Revised Statutes § 205A-45
* Maui County Administrative Rules, Title 12 Chapter 203
* Revised Ordinances of Honolulu, Chapter 26
e Kaua‘i County Code, Title IV, Chapter 8, Article 27

* Special Management Area in Maui County and the City & County of Honolulu
* Hawai‘i Revised Statutes §§ 205A-21 et seq.
* Maui County Administrative Rules, Title 12 Chapter 202
* Revised Ordinances of Honolulu, Chapter 25

e [Kaua‘i County Sea Level Rise Constraint District
e Kaua‘i County Code, Title IV, Chapter 8, Article 12.5



DRIP Committee

From: Fletcher, Charles <fletcher@soest.hawaii.edu>
Sent: Thursday, May 28, 2026 1:39 PM

To: DRIP Committee; Jarret P. Pascual

Subject: presentation for published agenda
Attachments: Sea Level Rise Intro FLETCHER.pdf

You don't often get email from fletcher@soest.hawaii.edu. Learn why this is important

Please find attached a PDF of my presentation scheduled for the June 3 meeting of the DRIP committee.

Chip Fletcher @io)

Dean

School of Ocean and Earth Science and Technology
University of Hawai‘i Manoa
fletcher@soest.hawaii.edu

+1 (808) 294-0386

+1 (808) 956-6182
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