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The ocean has absorbed 93% of  excess heat 
due to fossil fuel emissions.

Cheng, L., et al. (2019) How fast are the oceans warming? Science, 2019 DOI: 10.1126/science.aav7619; 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

* We cannot “unheat” the ocean.

* Thermal expansion will continue 

for centuries even if  emissions stop.



665 Billion Tons of  Ice Melt Each Year

Bamber, J.L., et al (2018) The land ice contribution to sea level during the satellite era, Environ. Res. Lett. 13 https://doi.org/10.1088/1748-9326/aac2f0

Greenland 37%

Mountain Glaciers 34%

Antarctica 29%



Mountain Glaciers lost 10 trillion tons of  ice 
since 1961, raising sea level 3 cm.

M. Zemp et al. Global glacier mass changes and their contributions to sea-level rise from 1961 to 2016, Nature (2019). DOI: 10.1038/s41586-019-1071-0



Greenland faces a 66% chance that melting 

will become unstoppable at 1.8oC

Trusel, et al., 2018 Nonlinear rise in Greenland runoff in response to post-industrial Arctic warming, 104, Nature, v564, 6 December: https://doi.org/10.1038/s41586-018-0752-4 

Ice loss, Gigatons



Antarctic ice melt has 
‘tripled over the past 

five years’ 

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

Ice loss, Gigatons

Is this a long-term 

accelerating trend, or is this 

short term variability?



• The Antarctic ice sheet remains the largest 
single source of  uncertainty in projections of  

future sea-level rise.

• Major adaptation projects require long lead 
times.

• Atoll communities cannot wait for Antarctic 
science to clear up.



J. L. Bamber, et al. (2019 Ice sheet contributions to future sea-level rise from structured expert judgment. Proceedings of the National Academy of Sciences, May 20, 
2019; DOI: 10.1073/pnas.1817205116

If  every 10th airplane crashed 

into the sea, you would decide 

to never fly.

A survey of  global experts 

found a 10% chance of  sea 

level exceeding 2 m by 2100.

On our current emissions 
path, sea level will exceed 7.5 
m by 2200 and 9.7 m by 2300.

10% probability is a 

compelling reason to make a 

no regrets decision to save a 

nation.



Sea Level Rise has 

Accelerated

61 cm by 2100



Sea Level Rise has 

been accelerating 

since the 1960ʻs

Dangendorf, S. et al. (2019) Persistent acceleration in global sea-level rise since the 1960s, Nature Climate Change: http://dx.doi.org/10.1038/s41558-019-0531-8. R. S. Nerem el al., "Climate-

change–driven accelerated sea-level rise detected in the altimeter era," PNAS (2018). www.pnas.org/cgi/doi/10.1073/pnas.1717312115

Rate of  acceleration 

~61 cm by 2100

http://dx.doi.org/10.1038/s41558-019-0531-8
http://www.pnas.org/cgi/doi/10.1073/pnas.1717312115


Present rates of  melting and thermal 
expansion add up to 1 m by 2100

+ = 0.8 m

Antarctic ice loss Greenland ice loss Mountain glacier 

ice loss

Thermal expansion

+0.8 m
= 1 m by 2100

E. Rignot (2019) pers. comm.:  http://sites.nationalacademies.org/SSB/SSB_191179

This only reflects past and current warming. We are still emitting 
GHGʻs and there is more warming to come.

+



Hawai‘i is not waiting for further proof  
that SLR threatens our communities.



NOAA & 4thNCA SLR Scenarios

Sweet, W.V., et al. 2017 Sea level rise. In: Climate Science Special Report: Fourth National Climate Assessment, Volume I[Wuebbles, D.J., et al. 

(eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 333-363, https://science2017.globalchange.gov/chapter/12/

Current rate of  SLR >2 ft by 2100, 

this means the lowest 2 scenarios 

are obsolete.

2 m

1.5 m

1 m

2.5 m



SLR Scenario Planning
decision-making under conditions of uncertainty 

Risk – Possibility of losing something of value

High possibility of lossLow possibility of loss
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Adaptive Design: 

Roads, Parcels, New 

Buildings (homes), 

Parks

Major Public Infrastructure: 

Housing Projects, Transportation 

Systems, Drainage Engineering

High Investment, New Communities, Dangerous 

Infrastructure: Power Plants, Waste and Storage Facilities

Major Public Infrastructure: 

Housing Projects, Transportation 

Systems, Drainage Engineering

Adaptive Design: 

Roads, Parcels, New 

Buildings (homes), 

Parks

High Investment, New Communities, 

Dangerous Infrastructure: Power Plants, 

Waste and Storage Facilities



SLR Flooding: Nuisance and Permanent

Time

Sea 

level
#1. Long term 

GMSLR 

#2. Temporary high tide flooding

• Permanent, accelerating 

inundation

• Arrives decades earlier than GMSL

• Has already started

• Accelerating frequency and magnitude



Storm Drain 
Backflow

High tide 

flooding is 

occurring with 

greater 

frequency



60 cm

At high tide the 

water table is 

only 60 cm 

below the 

ground surface 

in Waikiki

Groundwater 
Inundation



Heavy rains at high tide cause 
urban flooding



Coastal Erosion and Beach Loss



Department of  
Transportation

• 140 miles

• 120 bridges

• 10-15% all roads

• $15B total



Model targets per IPCC AR5

https://www.pacioos.hawaii.edu/shoreline/slr-hawaii/



Summer wave run-up 60 cm



Summer wave run-up 98 cm



Sunset Beach 98 cm SLR

Erosion

Annual 
wave 

Run-up



3.2 ft of  SLR - HonoluluStorm drain 

backflow & 

Groundwater 

inundation

Wave 

runup & 

Marine 

flooding

Coastal 

erosion



https://www.nature.com/articles/s41598-018-32658-x







The 3.2SLR-XA
King Tide Flooding & Permanent Inundation

SLR Exposure Area

SLR-XA













PLAN FOR:

• 3.2 ft of  SLR by end of  
century

• High tide flooding in the 
3.2 ft SLR-XA by mid-
century

• 6 ft of  SLR for projects 
with low tolerance for 
risk



Honolulu Sea-Level Rise 
“Pop-Ups”















It is important to acknowledge the reality of  
global efforts to control the climate crisis.



Conventional approaches to mitigating 
climate change are not working

• Progress is falling well short of  the Paris Agreement. 
• < 1/3 of  needed reductions, 

• < 1% population in full compliance

• Solutions by sector are geographically and temporally 
irregular.

• Solutions must simultaneously 
• 1) End carbon emissions, 

• 2) Sequester 1 trillion tons of  CO2, and 

• 3) Adapt to centuries of  growing weather disasters.

• Any one of  these costs more than we can afford.



Historical 

CO2

Emissions

To stop warming 

at 1.5oC, CO2

emissions must 

decrease next year 

and every year 

thereafter.

CO2 emissions must 

completely end by 2050, and 

we must remove CO2 from 

the air for several centuries.



CO2 emissions are rising at record levels

http://www.globalcarbonproject.org

2.7%

CO₂ Emissions rose because energy & climate policy could not overcome economic 
growth. The biggest factors pushing emissions down were energy efficiency & renewables, 

but they would have to be about three times larger to overcome economic growth.
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Tim Garrett - https://twitter.com/nephologue/status/1051218794679390209 Garrett, T. J.: No way out? The double-bind in seeking global prosperity alongside mitigated climate change, Earth Syst. Dynam., 3, 1-17, 
https://doi.org/10.5194/esd-3-1-2012, 2012.

Price Waterhouse Consultants (PwC) https://www.pwc.com/gx/en/issues/economy/the-world-in-2050.html

Emissions Follow World GDP, +130% by 2050



Last year was the first time since 2001 
that growth in renewable power failed 

to increase

https://www.iea.org/newsroom/news/2019/may/renewable-capacity-growth-worldwide-stalled-in-2018-after-two-decades-of-strong-e.html

Renewable energy needs to grow by over 300 GW per 

year between 2018 and 2030 to reach the goals of  the 

Paris Agreement,



• Energy demand set to grow >25% by 2040

• Renewables make up only two-thirds of  new 
capacity

• Oil consumption grows due to rising demand 
for petrochemicals, trucking, aviation, energy

• CO2 emissions continue to increase to mid-
century

https://www.iea.org/weo/



Outlook – Emissions 
continue to grow

• Without ambitious climate 
policies—global energy 
consumption will grow 20–30% 
or more through 2040 and 
beyond, led largely by fossil fuels. 

• This is driven by population and 
economic growth in the global 
“East,” while energy 
consumption in the “West” 
remains roughly flat. 

• The global economy becomes 
more energy efficient over time, 
though carbon dioxide emissions 
continue to grow unless there is
a shift in current policy and 
technology trends. 

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



Outlook – Emissions 
continue to grow

• Renewable energy grows rapidly, 
though it primarily adds to, rather 
than displaces, fossil fuels. 

• Electric vehicles play an important 
role in the future of  
transportation. But their effect is 
to restrain the growth of, rather 
than lead to a decline in, global oil 
demand over the next two decades 

• In 2018, 23 commercial-scale 
carbon capture and storage 
(CCS) projects were in operation 
or under construction around the 
world, capturing 40 million metric 
tons of  CO2 annually. This is 
1/1000th of  annual emissions.

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



Outlook – Emissions 
continue to grow

• Under most scenarios, 
carbon dioxide (CO2) 
emissions from the global 
energy system are on a 
path to far exceed 
international targets of  the 
Paris Agreement. CO2 
energy-related emissions 
grow from 32 billion metric 
tons (bmt) in 2015 to as 
high as 43 bmt by mid-
century. 

Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf



Global Energy Outlook 2019, The Next Generation of energy: https://media.rff.org/documents/GEO_Report_7-19-19.pdf

“Under most scenarios, carbon dioxide (CO2) emissions from the 

global energy system are on a path to far exceed international targets of  

the Paris Agreement."

Energy-related net 
CO2 emissions



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

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

Market share roughly unchanged



• Global Warming is 
Accelerating
• Emissions rising

• Emissions cleaner

• Decreased ocean 
circulation

• Pacific releasing heat 
(IPO)

• 1.5oC by 2030

• 2.0oC by 2045

Xu, Y. et al. (2018) Global warming will happen 

faster than we think, Nature, v. 564, Dec. 6



4oC by 2080ʻs



Heat waves every summer, uncontrollable 

wildfire, and a refugee crisis that is not going 

away: the industrialized nations are waking up 

to the reality of  Climate Change. 

The window of  opportunity is closing.

Because their own needs are enormous, soon 

they will realize they cannot afford to provide 

aid to the atoll nations.



Slides for Discussion



Global Mean Sea Level Rise (GMSLR)

• Ice melt on Greenland and Antarctica, and among global mountain glaciers is 
accelerating.

• There is a 66% probability that the Greenland ice sheet will enter a phase of  irreversible melting at 
1.8oC global warming.

• Portions of  West Antarctic Ice Sheet are now irreversibly retreating.
• Antarctic ice melt has ‘tripled over the past five years.’ 

• Heat storage in the ocean and related thermal expansion are accelerating.
• GMSLR is now accelerating at a rate that reaches ~65 cm (>2 ft) by end of  the century.
• Extrapolating the global rate of  ice melt and marine thermal expansion indicates that 

GMSLR may reach ~1 m (~3.3 ft) by end of  the century.
• The Antarctic ice sheet remains the largest single source of  uncertainty in projections of  

future sea-level rise.
• Major adaptation projects require long lead times.
• Coastal communities cannot wait for Antarctic science to clear up.

• A recent expert elicitation identified a 10% probability of  reaching 2 m GMSLR by 2100.
• On our current emissions path, sea level will exceed 7.5 m by 2200 and 
• 9.7 m by 2300.
• If  every 10th airplane crashed into the sea, you would decide to never fly.
• 10% probability is a compelling reason to make a no regrets decision to save a coastal community.

• GMSLR will continue for centuries regardless of  future emissions.



Global Warming
• The atmosphere has warmed >1oC since the nineteenth century. 
• Global warming is accelerating and projected to reach 1.5oC by 2030 and 2oC by 2045.
• Conventional approaches to mitigating climate change are not working.
• The rate of  CO2 accumulation in the atmosphere is accelerating.
• In 2018 CO2 emissions increased 2.7%

• CO₂ emissions rose because energy & climate policy could not overcome economic growth. 
• The biggest factors pushing emissions down were energy efficiency & renewables. 
• But they would have to be about three times larger to overcome economic growth.

• To stop warming at 1.5oC, CO2 emissions must decrease next year and every year thereafter.
• Solutions must simultaneously: 

• End carbon emissions, 
• Sequester 1 trillion tons of  CO2, and 
• Adapt to centuries of  growing weather disasters.
• Any one of  these costs more than any one nation can afford.

• Decreases need to equal 50% per decade.
• Emissions must end completely by 2050.
• CO2 must be removed from the air for the next few centuries.

• IEA, USEIA, BP, and other global economists project that global CO2 emissions will continue rising to 
mid-century due to demand for new energy, largely from developing nations.

• Energy demand set to grow >25% by 2040.
• Renewables make up only two-thirds of  new capacity
• Oil consumption grows due to rising demand for petrochemicals, trucking, aviation, energy
• CO2 emissions continue to increase to mid-century

• Assuming continued emissions, experiments using 39 CMIP5 climate models project that 4oC warming 
will emerge in the decade of  the 2080ʻs

• Regionally, the strongest warming is projected to appear in the Arctic, with 8o-12oC of  warming in most 
areas



Wang 
et al., 
2018

Wang et al. (2018) Climate change of  4oC warming above pre-industrial levels, Advances in Atmospheric Sciences, V. 35, July, 757–770

2020

>1oC



Mora C, et al. (2017) Global risk of  deadly heat. Nature Climate Change 7, 501-506

As the tropics grow increasingly unlivable a 

global scale refugee crisis will develop that 

forever changes the political landscape

Deadly Heat - 95oF + 90% humidity 



The New Tourism?




