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Unstable Jet Stream – Extreme weather








Global surface temperatures have set records 
virtually every day since mid-June



Since April, the hottest SSTs ever measured 

2023

2022



Extraordinary 
global sea ice 

losses in 
2023



• The rate of  global warming 
has accelerated

• Every month from June to 
November was the hottest 
ever recorded globally.

• 2023 may be warmer than 
1.5oC

• Nov 17&18 2023 were the first 
days on record to have a global 
average surface temperature 
above 2°C



Paris Agreement, 2015
United Nations Framework Convention on Climate Change

Pursue efforts to end 
warming before 1.5oC (2.7oF)

Stop global warming 
before 2oC (3.6oF)



Announced pledges

Stated policies

Net zero emissions

Progress on Stopping Warming at 1.5oC

2.9oC Actual policies

Net zero 
by 2050

2.3oC  NDCs

Historic CO2
emissions

Reduce 
emissions to

stop warming

2020, -5.4%
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GAP

2021, +6.3% 
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Climate Action Tracker (2022) https://climateactiontracker.org/documents/1055/CAT_2022-06-08_Briefing_EnergyCrisisReaction.pdf
Grant, N. (2022) The Paris Agreement’s ratcheting mechanism needs strengthening 4-fold to keep 1.5°C alive, Joule, v. 6, p. 703-708, ISSN 2542-4351, https://doi.org/10.1016/j.joule.2022.02.017
Meinshausen, M., Lewis, J., McGlade, C. et al. (2022) Realization of Paris Agreement pledges may limit warming just below 2 °C. Nature 604, 304–309 https://doi.org/10.1038/s41586-022-04553-z

United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record – Temperatures hit new highs, yet world fails to cut emissions (again). Nairobi. https://doi.org/10.59117/20.500.11822/43922.

2022, +1.2% 

GHG emissions need to be cut 
-28% by 2030 to keep within 2oC

Based on current commitments, 
emissions will only be cut -2%

Net zero pledges cover about 80% of  emissions, but 
most are hollow, lacking implementing mechanisms.

Limiting warming to 1.5C would require global 
emissions reduction of  9% per year

2023, +1.1% 

https://doi.org/10.1016/j.joule.2022.02.017
https://doi.org/10.1038/s41586-022-04553-z


Globally, Governments still plan to produce more 
than double the amount of  fossil fuels in 2030 than 
would be consistent with stopping warming at 2oC 

United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record – Temperatures hit new highs, yet world fails to cut emissions 
(again). Nairobi. https://doi.org/10.59117/20.500.11822/43922. 



31%
12.3 GtCO2/yr

Fate of  anthropogenic CO2 emissions (2010–2019)

26%
10.4 GtCO2/yr

35.3 GtCO2/yr

88%

12%
4.7 GtCO2/yr

18.9 GtCO2/yr

47%

Sources  =  Sinks

3%
-1.2 

GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

Source: Friedlingstein et al 2023; Global Carbon Project 2023

Global warming

Ocean acidification

Terrestrial biome



• Plant photosynthesis removes 
CO2 from the air

• Plant respiration releases CO2 to 
the air

• Photosynthesis has a heat 
limit, past which: 

• Photosynthesis sharply 
declines

• Respiration continues to 
increase

• Carbon uptake by land plants 
is degraded

• With continued emissions, 
• Carbon uptake may be 

degraded nearly 50% as 
early as 2040

• This effect is not accounted 
for in National Policies

“…. numerous studies 
suggest that a variety 

of  ecosystems are 
operating at or near 
thermal thresholds.”





Xu, C., et al. (2020) Future of  the human climate niche, PNAS, May 2020, 201910114; DOI:10.1073/pnas.1910114117

3oC

TODAY – 0.8% of  land surface, to hot 
for human existence

1 billion displaced for every 1oC of  additional global warming

19% of  land surface, to hot for     
human existence

Warming on Land



After 200 yrs of  fossil fuel expansion we are at a 
turning point in the global energy system

• World spent $1.8 trillion transitioning to clean power last 
year, more than spent producing oil & gas.

• Rooftop solar grew nearly 50% globally last year
• 2020 - 1 in 25 cars sold was electric
• 2023 - 1 in 5 cars sold was electric
• Global energy demand growth will now “almost entirely 

be met by renewables” IEA
• Economic growth no longer requires rising emissions
• However, Ambition needs to accelerate

• We are headed for a long plateau of  continued emissions
• In 2022 solar and wind produced 12% of  global electricity. 
• By 2030 this must increase to 41% of  global electricity (to be 

on track for net-zero by 2050).
https://www.businessgreen.com/news/4061209/extraordinary-iea-heralds-energy-crisis-‘historic-point-

renewables?utm_campaign=Carbon%20Brief%20Daily%20Briefing&utm_content=20221206&utm_medium=email&utm_source=Revue%20Daily
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https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level.html

Global Mean Sea Level Rise

Recent acceleration
to 1.5 ft/century

1 foot per century





Ciracì, E., Velicogna, I., & Swenson, S. (2020) Continuity of the mass loss of the world's glaciers and ice caps from the GRACE and GRACE Follow-On missions. Geophysical Research Letters, 47, e2019GL086926. https://doi.org/10.1029/2019GL086926 

Canada

Alaska Andes Iceland

Russia Himalayas Svalbard

~21% of  global sea 
level rise



Greenland melting has quadrupled 
since 2010

Ice loss, billions of  tonnes
Greenland Mass Variation Since 2002

~20% of  global sea level rise

Bevis, M. et al. (2019) Accelerating changes in ice mass within Greenland, and the ice sheets sensitivity to atmospheric forcing. PNAS, 116, 1934-1939. King, M.D., et al. (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

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

Antarctica Mass Variation Since 2002

West Antarctic Glaciers are in Irreversible Retreat

Ice loss, billions of  
tonnes

~9% of  global sea 
level rise



Temperature change relative to global average

Oceans 
absorbing heat 

from air

Oceans 
absorbing 

heat from air

Oceans 
absorbing heat 

from air

Oceans 
absorbing heat 

from air

Thermal expansion ~38% of  SLR



Groundwater Depletion ~10%



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 Assessment Report 6

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

Global mean sea level will rise by about 
- 6.5 to 10 ft at 1.5°C 
- 6.5 to 20 ft at 2°C
…and will continue to rise over subsequent millennia 



Sea level rise, an unstoppable reality

Photo, S. Habel



How high will sea level rise?



NOAA/NASA SLR Planning Scenarios
Honolulu, Oahu

https://sealevel.nasa.gov/task-force-scenario-tool

5.8 ft
4 ft



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



What are the impacts of  SLR?



2050

Ewa Beach – Wave Flooding, 1ft



Ewa Beach – Wave Flooding, 2-3ft

2075



Ewa Beach – Wave Flooding, 4ft

2100



Sunset Beach – Coastal Erosion

Presenter Notes
Presentation Notes
Example of transects



Sunset Beach – Coastal Erosion, 1 ft



Sunset Beach – Coastal Erosion, 2 ft



Sunset Beach – Coastal Erosion, 3 ft



Sunset Beach – Coastal Erosion, 4 ft



SLR Flooding



As sea level rises, so does 
the water table



Groundwater 
Pollution

SLR will bring 
polluted 

groundwater to 
the surface

WWII diesel fuel 
and gasoline



Storm 
drain 

backflow









Rain + High Tide = Compound Flooding



Waikiki
Dec. 5, 2021

● Sea level rise flooding 
today involves
○ Rain
○ Extreme tides
○ Onshore winds
○ Large waves






https://www.wbsida.org/waikiki-beach-improvements

Thank you for your time



https://www.soest.hawaii.edu/crc/slr-viewer/index.php?map=kp
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