#7~SeaSurface Height Slope 5
~Computation: A proposal to remov
the slope product requirement -

et v

Sarah Gillel Gérald | # “f-i} {f H\
Dibarboure?, David st e
Sandwelll

"w - 1SCprS Instltut|on of Y ’\

Oceanography
2CNES
sgllle@ucsd edu

http://topex.ucsd.edu/marine._topo/mar_topo.html



lopes.in SWOT Requirementsy;-
N T |
=) & A LE\;!-EL 2 PRODUCT:-“Estimated Sea Surfa
?jﬁ; ;’y:‘} ’Slope,,ve.t’cor"bn themsame grld as the SSH
TNy measurements |

OSCAR via https://earth.nullschool.net



Geostrophic velocity
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e Geostrophic velocity depends on slope.

 Can we produce a slope product that will minimize
slope errors at small scales and have better quantified
uncertainties?

http://oceanworld.tamu.edu/resources/ocng_textbook/chapter10/chapter10_03.htm



Slope is used for estimating gravity and bathymetry

Standard Deflected
gravity Induced gravity
surface slope

Ocean floor with seamount

Fourier transform of Laplace’s equation
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Présentateur
Commentaires de présentation
Laplace’s equation relates gravity anomaly to the slope of the ocean surface.  Recovery of 1 mGal accuracy requires a slope accuracy of 1/0.98 microradian.  An optimistic goal for SWOT is 1 mm precision over a horizontal distance of 1 km.  This would require averaging lots of repeat swath measurements to reduce the noise.


Fourier transform of Laplace’s equation
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1 rad of slope error 
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Two ways to construct a slope grid from profiles:

measured height
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Présentateur
Commentaires de présentation
For standard profile altimetry, we use only the along-track slope.  Consider two profiles separated by 1 km as is typical for CryoSat-2.  If there is a 10 mm mean height difference between the two profiles, due to say an eddy, the cross-track slope error will be large (10 microradian).


Challenges: 1. High-wavenumber
motions not in geostrophic balance
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See also Callies and Ferrari, 2013; Biihler et al, 2014 Rocha et al, JPO, 2016: Drake Passage



Challenges: 2. Noise dominates at small
scales
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Non-filtered

Filtered

Addressing the Challenges: Optimal Filters

NATL60 model  NATL60+SWOT simulator

Intensity of geostrophic

“geostrophic speed”)

Spurious velocities due to
high frequency noise
(primarily from KaRIn, with
other contributors)

_—Filter, minimizing cost

function.
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Gomez Navarro and Cosme, in

prep. See splinter session
presentation by Emmanuel Cosme.



Challenges for gravity: Optimizing derivative
filter for profiles

0.3 . : : . . |
Standard 1 Hz sampling is — Parks-McClellan

0zl — boxcar
suboptimal for gravity recovery.

weights

0.1

Noise at wavelengths shorter of
than the Nyquist (13 km) is folde: | | | . | . .
~20 -15 -10 -5 0 5 10 15 20

back into the main lobe. lag (km)

04
wavelength (km)

Gravity amplitude is reduced by 20 10 667
0.6 at Nyquist. 10

. . 0.8
Need careful filter design and at . /,. wavelengths truncated by
oxcar

least 4 Hz sampling (17 km) to 1 Hz boxcar/sample
recover 13 km wavelengths.

gain

0 0.05 0.10 0.15
wavenumber (1/km)


Présentateur
Commentaires de présentation
This slide argues for oversampling the height data so low-pass filters can be designed with small sidelobes.  The standard 1 Hz boxcar averaged data is completely inadequate for gravity recovery even at 13 km wavelength because during the averaging/decimation, the noise and signal above the Nyquist frequency is folded back into longer wavelengths.  This gets amplified when taking the derivative.  So one must completely suppress all the noise above the Nyquist before taking a derivative.  The same will be true for SWOT.
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What is the shortest wavelength gravity signal expected for
SWOT?
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Présentateur
Commentaires de présentation
Upward continuation limits the resolution of the gravity to about 2 times the mean ocean depth.  In the normal deep ocean this is about 8 km wavelength but on the shallow margins or the crests of shallow seamounts (< 1 km deep) the gravity resolution could be 2 km wavelength.  This is illustrated on the figure on the right but the 1 km depth example is not shown.  These seamounts are 4 km apart.  A better case would be seamounts 2 km apart with 1 km deep ocean.


Proposal: Remove the requirement to
provide slopes in data files

* Remove the requirement to provide slopes in
data files

* |n research mode, continue to explore options to
best use sea surface height gradients for
oceanographic and geophysical applications, as a
user-defined calculation

— better stencils
— characterization of noise and noise correlation

— compute along-track and cross-track slope from swath
data? Suppress cross-track derivative at swath
boundaries?



Notes



Why slopes?

a. Why are slopes intrinsically interesting and why were they in the
original specifications? The value of computing geostrophic velocity
and higher derivatives? The possibility of correlated error and the
potential benefit of minimizing the impacts of correlated error.
b. The challenges in dealing with high wavenumber slopes:

--break down of balanced motions (Callies; Rocha; etc.)

--noise (Chelton slides)
c. Geophysics perspective....
d. Proposal: remove slopes from requirements

Moving forward: continue to explore options that will allow for
good sea surface height gradients for oceanographic and
geophysical applications (e.g. better stencils; characterization of
noise and noise correlation) but allow this to happen in research
mode as a user-defined calculation.
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