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Background



Why study polar sea level?

 The polar oceans are essential _
for understanding climate change 7 ;
- Arctic region is experiencing L
rapid climate change 3
— Arctic sea ice loss
— ‘Arctic amplification’
« Southern Ocean is a climatically
important region

— water mass modification, surface
fluxes, sea ice formation, glacial input

— Driving Antarctic ice sheet melt
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« Sea level an important indicator
of global climate change

— Reflects a host of processes and acts
as a ‘bulk’ measure of ocean column

properties
« But: it is poorly measured in the
45 -0 05 00 o5 10 15 polar oceans due to
cm/year _ _
—— == _{ﬂ — Conventional altimetry does.not
N 3814 Flogts o e cover the polar oceans or fails due to
55 ay-2018 : ) .
- - sea ice

3N @

«— In situ data (tide gauges, ARGO, etc.)
more difficult due to harsh
conditions/expense
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Method



Method

Conventional altimetry

Satellite orbiting at ~1000km
Emit radar pulses to surface

Receive the reflected pulses
and estimate the two-way
travel time, convert to range

Combine this with:

— Satellite altitude
— Geophysical corrections

— (et sea surface height

~1000km

e




Method

Pt « Open ocean has well-known radar
scattering properties

— Homogeneously rough

— Known decorrelation scales
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* Open ocean has well-known radar
scattering properties
— Homogeneously rough
| — Known decorrelation scales
|« Seaice scattering is highly
| inhomogeneous

— Leads (cracks) appear very bright
(specular; mirror-like)

— Deformation features (e.g., ridging)
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e 1« Qpen ocean has well-known radar
’- scattering properties

ao00 | __ — Homogeneously rough

2000 | ] — Known decorrelation scales

900 %g:;sé‘o = ® oea ice scattering is highly
inhomogeneous

— Leads (cracks) appear very bright
(specular; mirror-like)

— Deformation features (e.g., ridging)
» Different scattering properties
allows to distinguish between
surface types
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Method
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Data



Data

* Previously:

— Used Envisat+CryoSat-2 for the
Arctic Ocean 2003-2014

— CryoSat-2 only for the Southern
Ocean 2011-2016

« Make use of Envisat (2003-2010)
and CryoSat-2 (2011-2018)

* Ice-covered ocean processed in-
house at JPL

« Open ocean data taken from
RADS
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A new time series
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Southern Ocean 200301 DOT
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Results



Trends: Arctic Ocean
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Trends: Arctic Ocean
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Trends: Southern Ocean
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Trends: Southern Ocean
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Climate Variability

Descending

v&ld, dry air
’ > Rising warm
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* Remove:

— Secular change (trends, decadal
variability); seasonal cycle

— Looking at sub-seasonal,
month-to-month variability

« Do Principal Component ?mw
. Hadley
Analy3|s: Cell

Descending
l? cold, dry air

e Rising warm

— Leading modes of variability in
Arctic and Southern Oceans

— Project Principal Components moist air
onto sea level pressure Pole <"""/é';2f%2§“23
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Climate Variability: Arctic Ocean
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* Arctic variability
dominated by
Arctic Oscillation

* First mode of
extra-tropical
climate variability

 Oscillation of
strength of polar
high

* Drives on/off-
shelf transport
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Climate Variability: Southern Ocean

Sea level (cm/std)
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1 Southern Ocean

variability dominated
by Southern Annular
Mode

Leading mode of
Southern
hemisphere climate
variability

Drives deepening of
polar trough by
contraction and
strengthening of
westerlies
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Conclusions



Conclusions

« Sea level is an important climate indicator, but under-sampled in the ice-
covered ocean

« Can reconstruct sea level in the ice-covered oceans from data in leads and
combine with conventional altimetry to get global fields

« Significant trends in both polar/sub-polar oceans:
— Arctic Ocean — Beaufort Gyre and sub-polar gyre show large changes
— Southern Ocean — Strong trends on the shelves of East Antarctica
« Subseasonal monthly variability is dominated by leading modes of
northern/southern hemisphere climate variability:

— Arctic Oscillation — Drives on/off-shore transport
— Southern Annular Mode — Deepens sea level trough by strengtheningcontraction of westerlies

Acknowledgement: Envisat and CryoSat-2 data were supplied by the European
Space Agency (https://earth.esa.int/web/guest/home).

May 13, 2019 ESA Living Planet Symposium 2019 28 j P l.nasa. goyv



Jet Propulsion Laboratory
California Institute of Technology

15+ years of sea level in the polar oceans from
Envisat and CryoSat-2

T. Armitage, R. Kwok, G. Cunningham

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA

Acknowledgement: Envisat and CryoSat-2 data were supplied by the European
Space Agency (https://earth.esa.int/web/guest/home).




