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Damage from Hurricane Michael, Florida Panhandle, Oct 2018Sea level rise, Pensacola, Florida, 1925-2022

See additional information in slide notes (e.g., credits, sources, references, comments).

Presenter
Presentation Notes
SLR image from:   https://www.washingtonpost.com/climate-environment/2023/04/10/sea-level-rise-southern-us/SLR image based on:  https://journals.ametsoc.org/view/journals/clim/aop/JCLI-D-22-0670.1/JCLI-D-22-0670.1.xmlMichael photo from:  https://www.businessinsider.com/hurricane-michael-photos-mexico-beach-florida-2018-10



• Approximately 90% of Earth’s warming in the last 150 years has occurred within the ocean.
• Note the acceleration of ocean warming starting in the late 1980s.
• Most of the ocean warming has occurred in the upper ocean.

Climate Change:  Ocean Temperature Increases

2

Ocean Heat Content, Upper 2000 m, 1958-2022

One of the scariest figures
In climate change science

Presenter
Presentation Notes
Approximately 90% of Earth’s warming in the last 150 years has occurred within the ocean.Note the acceleration of warming that occurred in the late 1980s.Ocean warming is indicated by anomalies in ocean thermal energy in upper 2000 m.Ocean thermal energy is also referred to as ocean heat content (OHC).Figure shows anomalies in ocean heat content (OHC), an indicator of ocean temperature.Anomalies shown are deviations from the 1981-2010 average.OHC is calculated based on many measurements of ocean temperature.Anomalies shown are deviations from the 1981-2010 average.Dashed lines show linear trends for 1955-1985 and 1986-2021. The later trend is about 8x greater than the earlier trend.Figure from Cheng et al. 2023:  https://link.springer.com/article/10.1007/s00376-023-2385-2Ocean can get too hot.  See for example this discussion of the effects of ocean warming on the lobster fishery in the Gulf of Maine (GoM):https://www.youtube.com/watch?v=MF-Mmk30cOE CO2 emissions are also leading to acidification of the ocean. See for example this discussion of the effects of ocean warming and acidification on ocean ecosystems, fisheries, and human activities in the GoM:https://www.youtube.com/watch?v=ZimEBFw1Q7c



Climate Change:  Sea Level Rise
Global Mean Sea Level Change Since 1900
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• Sea level has been rising globally for many years.
• The rise has accelerated and is now five times greater than it was 100 years ago.
• Sea level rise has major impacts on flooding, water resources, infrastructure, habitability, and more. 

Another of the scariest figures
In climate change science

Presenter
Presentation Notes
Figure from: https://www.abccolumbia.com/2018/05/15/sea-level-rising-faster-faster/ 
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Climate Change and Extreme Events

Extreme High Temperatures
Pakistan and India, Mar-May 2022

Climate change made this 
East African drought 
100 times more likely.

Extreme Drought
Horn of Africa, 2020-2022

Presenter
Presentation Notes
Source:  https://www.worldweatherattribution.org/human-induced-climate-change-increased-drought-severity-in-southern-horn-of-africa/



5

Climate Change and Extreme Events

Climate change made devastating early heat in India and Pakistan 30 times more likely.

Extreme High Temperatures
Pakistan and India, Mar-May 2022

Presenter
Presentation Notes
Source:  https://www.worldweatherattribution.org/climate-change-made-devastating-early-heat-in-india-and-pakistan-30-times-more-likely/See also:https://earthobservatory.nasa.gov/images/149766/early-season-heat-waves-strike-indiahttps://earthobservatory.nasa.gov/images/150083/heatwaves-and-fires-scorch-europe-africa-and-asiahttps://www.washingtonpost.com/weather/2022/04/25/india-record-heat-march-april/https://theconversation.com/heat-waves-hit-the-poor-hardest-a-new-study-calculates-the-rising-impact-on-those-least-able-to-adapt-to-the-warming-climate-175224https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021EF002488
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Climate Change and Extreme Events

Record high temperatures 
across much of central and 
southern Asia, April 2023

Presenter
Presentation Notes
Sources:  https://www.washingtonpost.com/weather/2023/04/17/historic-heat-wave-asia-thailand/https://twitter.com/ScottDuncanWX/status/1647273696996802560/photo/1
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• Climate change tends to cause relatively small changes in mean conditions. 
• But these small changes lead to large changes in the number and intensity 

of extreme events.

Small number of 
extremely hot days

Record high

Climate Change and Extreme Events

Presenter
Presentation Notes
Figure adapted from animated Climate Central figure:  https://medialibrary.climatecentral.org/uploads/general/2017SummerHeatPrepPackage_BellCurve_Animated_en_title_sm.gifExcellent new federal government site on extreme temperatures:  Heat.gov - Forecasts Projections Risks Recommendations, https://www.heat.gov/Notes: Climate change can alter extreme events (e.g., number, intensity) through other processes besides mean shifts.  Climate change increases the amount of energy in the climate system.  That increase can increase system instabilities and produce larger swings between extreme conditions (increased variance).  This leads to distribution curves with more spread and thus more extremes at both ends of the distribution.  Examples: sea surface temperature in the eastern North Pacific, precipitation in much of California.  For many variables, climate change has caused both shifts in the mean and increased spreads, each of which represent increases in extreme evnt numbers and intensities.  
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Similar changes in extremes occur for rainfall, flooding, drought, sea 
level, winds, waves, storm surge, and other climate system variables.

Large increase in number 
of extremely hot days

New 
record high

Climate Change and Extreme Events

Presenter
Presentation Notes
Figure adapted from animated Climate Central figure:  https://medialibrary.climatecentral.org/uploads/general/2017SummerHeatPrepPackage_BellCurve_Animated_en_title_sm.gifExcellent new federal government site on extreme temperatures:  Heat.gov - Forecasts Projections Risks Recommendations, https://www.heat.gov/Notes: Climate change can alter extreme events (e.g., number, intensity) through other processes besides mean shifts.  Climate change increases the amount of energy in the climate system.  That increase can increase system instabilities and produce larger swings between extreme conditions (increased variance).  This leads to distribution curves with more spread and thus more extremes at both ends of the distribution.  Examples: sea surface temperature in the eastern North Pacific, precipitation in much of California.  For many variables, climate change has caused both shifts in the mean and increased spreads, each of which represent increases in extreme evnt numbers and intensities.  
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Extreme events are one of the most operationally important aspects of climate change.

Operational Importance of Extreme Events
1. Extreme events are rapidly becoming more common and more extreme.
2. Many of the extremes are unlike anything we’ve ever experienced.
3. Record extreme events are events never observed in the historical record (black swans).
4. So extreme events are very likely to be ones for which we have not prepared.
5. Many extreme events occur in combination – for example:

a. summer high T combined with low precip and low humidity, leading to flash droughts, wildfires
b. winter or spring high T combined with high precip leading to high snow melt and flooding

6. For many extreme events, especially combined events, the operational impacts are:
a. large
b. persist long after the event has ended

7. Human systems, and human bodies, are not able to withstand many of the extremes, especially 
combined extremes.  

8. So extreme events tend to lead to extreme human system failures. 



1. The ability to predict extreme events is limited but rapidly improving.
2. Navy needs to better leverage existing and emerging climate change (CC) science capabilities. 
3. Focus: develop climate change decision support systems, especially for extreme event impacts. 
4. First step: extensively sort, synthesize, adapt, and translate the existing and emerging science for 

operational use.  
5. Examples of this research-to-operations (R2O) work:

a. derive Navy relevant variables and spatial / temporal resolutions
b. adapt science for maritime regions and less developed nations
c. translate environmental probabilities into variables / metrics useful in decision making (e.g., 

manpower, time, & dollars needed to restore mission readiness after extreme event) 
6. Need a multi-disciplinary, multi-institutional effort: CC science, data analysis, OR, decision theory, 

systems engineering, organizational management, risk management, benefit / cost modeling, …. 
7. Learn from and partner with other organizations doing related CC R2O efforts (insurance, finance, 

energy, water resources, agriculture, disaster / risk management, USAF, other federal agencies, state 
and regional agencies).

Climate Change Decision Support:  Motivation and Proposal

Over-arching goals:
1. Improve the flow of relevant research to Navy decision makers
2. Improve Navy operational outcomes



Main Steps in a Climate Change Decision Support System
Sort and select CC science products (e.g., analyses, projections) 

Re-scale products to operationally relevant spatial / temporal resolutions, regions, periods 

Calculate operationally relevant environmental variables (e.g., EM and acoustic variables)

Calculate operating system variables (e.g., threshold exceedance probabilities)

Calculate mission impact probabilities

Identify / analyze extreme event probabilities

Characterize and calculate risks and benefits 

Characterize and calculate benefit / cost probabilities 

Develop course of action recommendations
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Notes
• Start small, with a few  do-able, operationally relevant problems.
• Identify system sensitivities.
• Assess and account for uncertainties / confidence.
• Get system V&V-ed and accredited.
• Routinely assess system performance, costs, and benefits. 
• Develop corresponding education programs.
• Engage students in system development and applications.
• Develop workforce for supporting CC related decision making.
• Conduct R&D to improve CC decision making capabilities.
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Notes
• Creating and operationalizing this system would be very 

challenging.  
• But the alternatives are worse (e.g., ignoring the need for 

CC decision support, making decisions based on less 
quantitative and objective methods, taking a piecemeal or 
case-by-case approach, leaving Navy organizations to 
their own devices when making with CC decisions, etc.).



1. What are the challenges in operationally applying CC science in Navy decision making?
2. What are the main CC research-to-operations (R2O) transitions needed by the Navy?  
3. What CC decision support does the Navy get now and what does it still need?
4. What CC education does the Navy get now and what does it still need?
5. How might the Navy better leverage existing non-Navy CC products and services?
6. What lessons could the Navy learn from how other organizations get CC decision support?
7. What partnering would be need to implement an operational CC decision support system? 
8. Where would such a system be housed and how would it be funded?

Climate Change Decision Support System:  Some Questions
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