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The Pale Blue Dot

“Like it or not, for the moment the Earth is where we make our stand.” 
– Carl Sagan, Pale Blue Dot, 1994
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Presentation Notes
The Earth is the only world known, so far, to harbor life. There is nowhere else, at least in the near future, to which our species could migrate. Visit, yes. Settle, not yet. Like it or not, for the moment, the Earth is where we make our stand. It has been said that astronomy is a humbling and character-building experience. There is perhaps no better demonstration of the folly of human conceits than this distant image of our tiny world. To me, it underscores our responsibility to deal more kindly with one another and to preserve and cherish the pale blue dot, the only home we’ve ever known.”
		from Carl Sagan, “Pale Blue Dot: A Vision of the Human Future in Space” 




Our Blue Planet



If you like your weather 
forecast, thank an 

oceanographer!



Advent of GFDL’s FV3:

Convergence of 
Climate & Weather
Modeling
FV3 has been chosen as the dynamical core 
for the Next Generation Global Prediction 
System project (NGGPS), designed to upgrade 
the current operational Global Forecast System 
(GFS) to run as a unified, fully-coupled system in 
NOAA’s Environmental Modeling System 
infrastructure.



The Keeling Curve: Atmospheric CO2 (Dec ‘24)

Charles David Keeling
(1928-2005)

Mauna Loa CO2 > South Pole CO2

https://scrippsco2.ucsd.edu/graphics_gallery/mauna_loa_and_south_pole/mauna_loa_and_south_pole.html

https://scrippsco2.ucsd.edu/graphics_gallery/mauna_loa_and_south_pole/mauna_loa_and_south_pole.html


Earth’s net energy imbalance (EEI) has more than DOUBLED

EEI = 0.42±0.48 
Wm

https://scitechdaily.com/nasa-noaa-scientists-earths-energy-imbalance-has-doubled/
https://doi.org/10.1029/2021GL093047


https://research.noaa.gov/article/ArtMID/587/ArticleID/2626/Warming-influence-of-
greenhouse-gases-continues-to-rise-NOAA-finds

https://www.globalchange.gov/browse/indicators/annual-greenhouse-gas-index

Carbon dioxide (CO2)

https://research.noaa.gov/article/ArtMID/587/ArticleID/2626/Warming-influence-of-greenhouse-gases-continues-to-rise-NOAA-finds
https://research.noaa.gov/article/ArtMID/587/ArticleID/2626/Warming-influence-of-greenhouse-gases-continues-to-rise-NOAA-finds
https://www.globalchange.gov/browse/indicators/annual-greenhouse-gas-index


Global Atmospheric Temperature Anomalies

Anomaly is relative to 1901-2000 average



2023: Hottest year ever; last 10 years are the 10 hottest!

2024 was 1.52°C above 
1881-1910 baseline

2024: Hottest year ever; last 11 years are the 11 hottest!









1. Heat waves

2. Drought

3. Flood 

4. High-tech jobs in 
climate observations 
and prediction science



Atmosphere

Global warming is ocean warming!

Observed changes in the Earth heat 
inventory for the period 1971–2020

Deep Ocean

Upper Ocean

Presenter
Presentation Notes
Global warming is ocean warming.
93% of the Earth system’s excess heat is in the ocean.
16% of the total energy change is in deep ocean > 2000 m, more than double the energy change in the atmosphere, land, ice combined.
When we consider the entire Earth system, the “hiatus” may become a non-issue.  The whole system is warming overall.



After 4°C WarmingAfter 1.5°C Warming After 2°C Warming

Sea level is rising – big changes are already 
locked in (e.g. Norfolk)
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Operational in 2026



Nuisance Flooding in Norfolk (1928-2017)

Global Sea Level Rise (cm)
from 1992 to 2022



Severe Bleaching        
No or Negligible Bleaching

Major bleaching events on 
the Great Barrier Reef

Coral Mortality
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Global Shipping (June 1-15, 2012)

Averages:
Containers (yellow, 14.3M)
Dry goods (blue, 0.5M kt)

Liquids (red, 0.4M kt)
Gas (green, 62M m3)
Vehicles (pink, 10M)

CO2 emissions - ~150 kt

https://www.shipmap.org

https://www.shipmap.org/


Shipping through an ice-free Arctic saves 
1000’s of miles, but requires sea ice prediction

https://www.uscg.mil/Portals/0/Images/arctic/Arctic_Strategy_Book_APR_2019.pdf#page=14


Collapse of Bering Snow Crab Fishery



Trust but verify:
Carbon Accounting



Massachusetts v. EPA (2007)
“The Clean Air Act’s sweeping definition of ‘‘air pollutant’’ 
includes ‘‘ air pollution agent or combination of such 
agents, including substance or 
matter which is emitted into or otherwise enters the ambient 
air.’’ § 7602(g) (emphasis added). … … [is] 
without a doubt ‘‘physical [and] chemical substance[s] which 
[are] emitted into the ambient air.’’ 

.”





US CO2 Emissions: 
Decreasing from 
2007 to today

Mass vs EPA Decided: 
April, 2007

Fossil CO2 emissions through 2023
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9.7 0.5 GtC/yr

89.8%

1.1 0.7 GtC/yr

10.2%
3.2 0.9 GtC/yr

28%

5.2 0.02 GtC/yr

46%

2.9 0.4 GtC/yr

26%

Fate of anthropogenic CO2 emissions
2014-23 average

Sources

Partitioning

Budget Imbalance (Net Source – Net Sink) = -0.4 GtC/yr

Total Emission 10.8 0.9 GtC/yr



Ocean Atmosphere Emissions Land Use Vegetation 

Atmosphere + Ocean = Land
Where Land = (Emissions + Land Use Change – Vegetation)

Reducing uncertainties in the ocean sink 
can reduce the total uncertainty in the 
global constraint on the carbon budget

0.7 0.90.50.40.02



From Boyd & Vivian (2019)

Caution Needed!

Verifying the Effectiveness of Ocean-based 
Carbon Dioxide Removal (CDR)







Our Global Ocean
Centers on the Southern Ocean



The Southern Ocean

Wind-driven 
upwelling from
2000-3000m







Measurements from Ships
(1999-2015)

total

Measurements from 
Robot Floats (Argo)

(1999-2015)

total



Southern Ocean Carbon
and Climate Observations 

and Modeling



Courtesy: R. Beadling (clip)





Hannah now teaches 
Intro Oceanography!

SOCCOM Floats
307 deployed, 
143 operational

9094

Hannah Zanowski
U. Arizona B.A. (2010)
Now: Asst. Prof. U. Wisc.-Madison

12/21/2014 –
6/7/2019

(122 cycles)



Gray et al. (GRL 2018)

In the high-latitude 
ASZ, monthly mean 
float-based fluxes 
diverge substantially 
from ship-based fluxes. 
The floats exhibit much 
stronger outgassing in 
the autumn and winter 
and much less uptake 
in the summer.

Air-sea carbon flux from floats



http://soccom.princeton.edu

Air-sea carbon flux from SOCCOM

Chen et al. (2019)
Gray et al. (GRL 2018)

Prend, Gray et al.

High carbon Deep Waters reach 
surface in Southern Ocean
(ship obs. and BGC floats)

Pathways of high carbon 
spiral inward and upward

(ship obs. and B-SOSE)

Tamsitt et al. (Nat. Comm. 
2017)

Carbon outgases in 
southern ACC
(BGC floats)

http://soccom.princeton.edu

Outgas    
Uptake

http://soccom.princeton.edu/
http://soccom.princeton.edu/


https://www.nytimes.com/interactive/2021/12/13/climate/antarctic-climate-change.html

https://www.nytimes.com/interactive/2021/12/13/climate/antarctic-climate-change.html?searchResultPosition=19


Global Biogeochemical Argo: in Mar 2025



Robot Floats



Growing 
Winds!



Total Water in the Atmosphere: 2023 
(every 6 hours, ERA5)



Young & Ribal, 2019: Science, DOI: 10.1126/science.aav9527

The World is Getting Windier – The fastest winds have gotten faster

Rate of increase (1985-2018) cm/s/yr

6 cm/s per year for 33 years is 2 m/s faster 



Sallée et al. 2021; DOI: 10.1038/s41586-021-03303-x

The World is Getting Windier – Driving Deeper Mixing



Southern Ocean Winds/Storms are Undersampled

SMOS 
Wind 
Speed

From 
altimeter



Southern Ocean Winds/Storms are Undersampled

Direct comparison of QuikSCAT winds in SO storms with four different wind 
reanalyses (NCEP/CFSR; ERA-Interim; JRA55; MERRA)

Verezemskaya et al. 2017; DOI: 10.1002/2017GL074053

Mean Storm Winds Max Storm Winds All Winds, 
south of 40°S
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(Left)
Independent visits per day by the ASCAT 
constellation (< 2, north of ~55°S)

(Right)
Independent visits per day by the 

°S)

ASCAT constellation 
swaths over a 3-hour 
period (red)

Zephyr swaths over 
same 3-hour period 
(yellow)

One More Scatterometer to Close the Carbon Budget



PROPOSAL for Progress:
The Role of Wind in the Ocean’s 

Heat & Carbon Uptake



Air-Sea Carbon Flux
& Winds

Outgas    
Uptake

Climate and Carbon 
Prediction:
Convergence of 
Climate & Weather
Modeling



Southern Ocean Flips from SINK to SOURCE
with 20% increase in winds

Russell et al, in revision at GRL
, https://doi.org/10.1002/essoar.10506276.1

Standard Wind
Increased Winds

https://doi.org/10.1002/essoar.10506276.1


How do we spread the word?



Shining light on the path ahead …



Melanie Stetson Freeman/Staff; Christian Science Monitor; https://www.csmonitor.com/Environment/2022/0111/Meet-the-scientist-moms-fighting-climate-change-for-their-children

https://www.csmonitor.com/Environment/2022/0111/Meet-the-scientist-moms-fighting-climate-change-for-their-children


www.sciencemoms.com

http://www.sciencemoms.com/


Science Moms is a nonpartisan group 
of mothers who work in climate 
science and are concerned about the 
future their kids will face.

Together, they have over a century of 
experience studying our changing 
climate and the effects it will have on 
our kids and their kids after that.

As a team, they aim to break down 
climate change in ways that are 
simple, fresh and relevant to moms. 
And give them tangible ways to take 
action.





Science Moms wants all mothers to 
prioritize action on climate change. 

To do that, we need to persuade them 
that this issue is as important as all the 
other things they’re worried about (the 
economy, education, putting food on 
the table, etc).

We will achieve this by:
Reframing the problem 
Explaining what’s at stake
Building her confidence to talk 
about it
Making solutions achievable
Giving her the tools to act

http://www.youtube.com/watch?v=BiMS2FOM4ZM


Their methods were used successfully to 
predict surf conditions for Allied 
landings in North Africa, the Pacific 
theater of war, and on D-Day during the 
Normandy invasion. 

He joined several of his colleagues 
from Scripps at the U.S. Navy Radio 
and Sound Laboratory, where they 
developed methods related to 
amphibious warfare. 

Walter Munk





What comes next?
Continue to build out carbon observing & prediction system.

Complete implementation of near real-time carbon accounting.
Publish the top 10 economies’ monthly carbon “bill.”

Save the planet (or at least the humans)!
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