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Ice is melting – 600 billion tons each year and 

accelerating
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Ice is melting – 600 billion tons each year and 

accelerating
Antarctic ice melt has 
‘tripled over past five 

years’



Today the oceans absorb heat at twice the 
rate they did 18 yrs ago

Cheng L. J. Zhu, and J. Abraham, 2015: Global upper ocean heat content estimation: recent progress and the remaining challenges. Atmospheric and Oceanic Science Letters, 8. DOI:10.3878/AOSL20150031. 

Glecker, P.J., et al. (2016) Industrial era global ocean heat uptake doubles in recent decades. Nature Climate change. doi:10.1038/nclimate2915



Nerem et al (2018) Climate-Change-driven 
accelerated sea level rise detected in the 

Altimeter era, PNAS.



U.S. Energy Information Administration 
Energy Consumption increases to 2040 for all fuels but coal 

https://www.eia.gov/outlooks/ieo/exec_summ.php



https://climateactiontracker.org/publications/improvement-warming-outlook-india-and-china-move-ahead-paris-agreement-gap-still-looms-large/



How High Sea Level?

• Very likely to rise 0.3–0.6 feet by 
2030 

• 0.5–1.2 feet by 2050 
• 1.0–4.3 feet by 2100 
• Future emissions have little effect 

on SLR in the first half of the 
century 

• But significantly affect SLR for the 
second half of the century 

• Emerging science on Antarctica 
suggests, for high emission 
scenarios, a SLR exceeding 8 ft by 
2100 is physically possible

• It is extremely likely that SLR rise 
will continue beyond 2100 (high 
confidence).



Sea level rises in 2 styles

Time

Sea 
level

Long term, GMSL is 
permanent inundation, 
accelerating

Short term high tide flooding, increasing frequency, 

arrives decades earlier than GMSL
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Rain + High Tide = Flooding
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Coastal erosion and beach loss



Coastal 
roads are 
threatened 
by erosion 
on every 
island



Hawaii will need $15 
billion to protect 
highways from sea level 
rise.

$7.5 million for every mile 
of  road that must either 
be raised, pushed back or 
relocated in the next 50 to 
100 years.

$40 million for every mile 
of  bridge.

















Summer wave run-up 2ft



Summer wave run-up 3ft



Annual wave 
inundation 

with 3 ft SLR

Coastal 
erosion with 

3 ft SLR

Groundwater 
and storm 

drain flooding 
with 3 ft of SLR

Ewa Beach 3.2 ft SLR



Waikiki





Sea Level Rise Exposure Area 3.2SLR-XA



The 3.2SLR-XA



A lot of  change 
happens between 2 

and 3 ft of  SLR
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Honolulu Climate Change Commission
SLR Guidance

1. Use report and online viewer, for all baseline planning.

2. Plan for chronic high-tide flooding by mid-century in the 
3.2SLR-XA. 

3. Plan for 6 ft SLR by end-of-century for infrastructure with low 
risk tolerance.

4. Revise the SMA boundary to include the 3.2SLR-XA.

5. Disclose properties in the 3.2SLR-XA and 6 ft SLR in Real Estate 
sales.

6. Adopt 3.2SLR-XA and 6 ft SLR as hazard overlay for all 
planning. 

7. To mitigate impacts, direct all departments to use the Report, 
the 3.2SLR-XA, and the 6 ft SLR in their decisions.

8. Review and update all ordinances related to land development.

9. Support relevant departments to implement these 
recommendations and proactively plan for SLR.



Yield and elevate

“If  you wage war with water, 

you will lose.”



6 ft SLR


