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• Why study the ocean.
• Sea level rise.
• Ocean currents and eddies.
• Forcing ocean currents (i.e. wind).



Viewing the ocean: ways to measure the ocean

Wilson et al, Encyclopedia of Ocean Sciences, 2009



Rising carbon dioxide



Atmosphere (1): radiation from the Sun



Atmosphere (2): Greenhouse Effect



Incoming and Outgoing Radiation

http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/energy/global patterns of heat transfer.html



Poleward Heat Transport

Trenberth and Caron (2001). J. Climate 14: 3433-3443



CO2 rise linked to air temperature increases



Global ocean heat content increase.
IPCC AR5, Ch. 3
http://www.ipcc.ch/report/ar5/wg1/
1 ZJ = 1021 J

• About 0.1◦C warming over 700 meters of ocean.
• Warming of upper ocean (80×1021 J in 50 years = 50 TW) roughly quadru-

ple current energy usage by people (13 TW).



Global ocean heat content increase.
IPCC AR5, Ch. 3
http://www.ipcc.ch/report/ar5/wg1/
1 ZJ = 1021 J

• About 0.1◦C warming over 700 meters of ocean.
• Warming of upper ocean (80×1021 J in 50 years = 50 TW) roughly quadru-

ple current energy usage by people (13 TW).
• Energy added to top 700 m of ocean equivalent to about 2 billion Hiroshi-

mas...



Melting ice

www.hi.is/∼oi/svalbard photos.htm



Implications: rising sea level

Tuvalu (Pacific Island Atoll)
http://www.boingboing.net/2001/10/31/the island nation of.html



Monitoring Sea Level Rise
• Steric warming: 0.2◦C/century warming with expansion coefficient 0.15

kg m−3 ◦C−1

• Melting grounded ice: 7 meters for Greenland, 57 meters for Antarctica,
glaciers and ice caps < 1 meter: total equivalent to about 65 meters



Monitoring Sea Level Rise: Thought Experiment
• Steric warming: 0.2◦C/century warming with expansion coefficient 0.15

kg m−3 ◦C−1

How accurate does an altimeter need to be to detect steric sea level rise
on a decadal scale? (Assume density of water to be 1000 kg m−3.)

• Melting grounded ice: 7 meters for Greenland, 57 meters for Antarctica,
glaciers and ice caps < 1 meter: total equivalent to about 65 meters.
How accurate does an altimeter need to be to detect sea level due to land
ice melt, assuming we melt 0.001%/year, or 0.1%/century?



Monitoring Sea Level Rise: Thought Experiment
• Steric warming: 0.2◦C/century warming with expansion coefficient 0.15

kg m−3 ◦C−1

How accurate does an altimeter need to be to detect steric sea level rise
on a decadal scale? (Assume density of water to be 1000 kg m−3, and
assume warming confined to top 1000 m.)
To compute this, think of a 1 m × 1 m × 1000 m column of water. If you
increase temperature by 0.2◦C/century, then the density change is:

∆ρ = 0.15 kg m−3 ◦C−1 × 0.2◦C/century = 0.03 kg m−3/century.

As a fraction of total density, this is 0.03/1000 /century, and multiplied by
1000 m, this gives 0.03 m/century = 3 cm/century or 3 mm/decade.

• Melting grounded ice: 7 meters for Greenland, 57 meters for Antarctica,
glaciers and ice caps < 1 meter: total equivalent to about 65 meters.
How accurate does an altimeter need to be to detect sea level due to land
ice melt, assuming we melt 0.001%/year, or 0.1%/century?
To compute this, 65 m× 0.001/century = 0.065 m/century = 6.5 cm/century
= 6.5 mm/decade



Warming in the ocean implies sea level rise

(Antonov et al., Geophysical Research Letters, 2005)



Cipollini and Snaith, 2013, 3rd ESA Advanced Training on Ocean Remote Sensing



Components of Sea Level Rise (IPCC 2013)

IPCC 1st working group, Figure 13.6.



Sea Level Observations/Projections

IPCC Assessment Report 5, Fig. 13.27



Florida with 1 m sea level rise

http://www.geo.arizona.edu/dgesl/research/other/climate change and sea level/rising sea levels.htm



Florida with 6 m sea level rise

http://www.geo.arizona.edu/dgesl/research/other/climate change and sea level/rising sea levels.htm



And if we melt all the ice....

http://ngm.nationalgeographic.com/2013/09/rising-seas/if-ice-melted-map



Sea of San Diego: +265 feet (+80 meters) sea level
Note: current estimates: 64 meters

grounded ice

http://spatialities.com/2014/09/22/sea-of-san-diego/



Poleward Heat Transport

Trenberth and Caron (2001). J. Climate 14: 3433-3443



Ocean Currents

http://dcz.gso.uri.edu/amy/avhrr.html



Ocean Currents and Altimetry
Geostrophic balance:
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What the Altimeter Tells Us: SSH anomaly

Strategies

• Use an independent mean dynamic to-
pography

• Study variability of geostrophic currents
only

• Concentrate on other factors that influ-
ence the altimeter signal



What the Altimeter Tells Us: SSH anomaly

http://bobtisdale.blogspot.com/2009/12/animations-of-aviso-tropical-pacific.html (top: ssh anomaly; bot-

tom: sst)

http://www.youtube.com/watch?v=1e7S_WBknUY


Strategy 1: Dynamic Topography

http://www.aviso.oceanobs.com/en/data/products/sea-surface-height-products/index.html





Total Sea Surface Height

http://www-aviso.cnes.fr:8090/HTML/information/frames/applications/actu/topodyn uk.html



Strategy 2: Variability

http://sealevel.jpl.nasa.gov/gallery/science.html



Eddy Kinetic Energy

EKE, u′2, v′2, Ducet and LeTraon, JGR, 2001



Eddy Kinetic Energy Trends

EKE 5.5 year trends (cm2 s−2 d−1), Ducet and LeTraon, JGR, 2001



Strategy 2: Tracking El Niño

left: leading mode (El Niño) right: 2nd mode (transition to La Niña)

http://sealevel.jpl.nasa.gov/science/ostscienceteam/scientistlinks/scientificinvestigations/picaut/



Strategy 3: Other signals (wave height)

http://sealevel.jpl.nasa.gov/gallery/science.html



Global Tides from Altimetry

http://sealevel.jpl.nasa.gov/science/invest-ray.html



Understanding Where Tidal Energy Goes

http://sealevel.jpl.nasa.gov/science/invest-ray.html









Understanding Ocean Forcing: Scatterometry



Scatterometry: Measuring Backscatter

http://www.eumetrain.org/data/2/227/



QuikScat/RapidScat schematic

http://nsidc.org/data/docs/daac/scatterometer instrument.gd.html



ASCAT schematic

https://directory.eoportal.org/web/eoportal/satellite-missions/m/metop-sg



QuikScat: wind speed and direction

http://mers.byu.edu/wind/pointwise.html



QuikScat: wind speed and direction (2)

http://mers.byu.edu/wind/pointwise.html



QuikScat: wind speed and direction (with noise)

http://mers.byu.edu/wind/pointwise.html



Scatterometer Winds: ASCAT

13 August 2009, NOAA/NESDIS, ASCAT winds



The view from RapidScat



QuikScat: Hurricane Frances

http://winds.jpl.nasa.gov/imagesAnim/images.cfm?pageName=ImagesAnim&subPageName=Hurricane&Image=FRANCES 040904



Wind Shadow for South Georgia Island

http://winds.jpl.nasa.gov/publications/so georgia island fig 2.cfm



Mean Winds from QuikScat



Wind from a Sun Synchronous Orbit

QuikSCAT/ADEOS-2 tandem mission:
April-October 2003



Wind Diurnal Variability
Least squares fit bin-averaged winds to sinusoid:
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1 cos ωt + τx
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Global Diurnal Cycles

adapted from Gille et al, GRL, 2005



Black Sea Diurnal Wind Ellipses

adapted from Gille and Llewellyn Smith, QJRMS, 2014



Semi-Enclosed Sea Diurnal Wind Ellipses



Semi-Enclosed Sea Diurnal Wind Phasing



Semi-Enclosed Sea Diurnal Dominant Coastline


