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Objective: Construct a MSS with spatial resolution of 6 km to
evaluate the performance of SWOT early in the mission.

Tasks:

e Combine the MSS from repeat-track altimeter data developed
at CLS/CNES with sea surface slope data developed at SIO.

* Need to apply geoid slope correction to all pulse-limited data.

* Need to retrack waveforms of all data to improve spatial
resolution and reduce the sea state bias (SSB).



Example of resolution improvement from V3 of CLS-SIO combination
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Example of resolution improvement from V3 of CLS-SIO combination
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geoid slope correction for pulse-limited altimetry

In areas of steep geoid slope, the reflection point of a pulse-limited the altimeter
footprint is offset from Nadir resulting in a shorter range. A slope correction
must be applied to achieve 10 mm height, 1 mGal, and 10 cm/s velocity accuracy.

S - slope
Ah:ﬂ He:L
2 (I+H/R)  H - satellite altitude
R - radius of earth
' Ocean trenches have sea surface slopes of ~300 urad.
H= 790 km AnN=32mm AXx=210m
; H=1330 km AN=50mm AXx=331m
H
Correction depends on altitude. SWOT will not need a correction.
Ahj—_/' R
X
g0

[Brenner et al., 1983; Sandwell and Smith, 2014]



Example of resolution improvement from V3 of CLS-SIO combination
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Objective: Construct a MSS with spatial resolution of 6 km to
evaluate the performance of SWOT early in the mission.

Tasks:
e Combine the MSS from repeat-track altimeter data developed
at CLS/CNES with sea surface slope data developed at SIO.

* Need to apply geoid slope correction to all pulse-limited data.

* Need to retrack waveforms of all data to improve spatial
resolution and reduce SSB.
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Brown model for pulse-limited waveform
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Estimate 3 parameters: arrival time (t,), rise time (o), and power (A).
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Brown model fits to 1000 simulations of waveform plus noise.
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Arrival time and rise time are
correlated with a slope of ~1.

[Sandwell and Smith, 2005]
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2-pass waveform retracking improves range precision

B 45m
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Estimate 2 parameters: arrival time (t,), and power (A).
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1) retrack waveforms with
standard 3-parameter model

2) smooth rise time over 45-km
wavelength

3) retrack waveforms with 2-
parameter model

Note: this assumes wave height
varies smoothly along track.

[Sandwell and Smith, 2005]




jason w.r.t. - 3par

wavelength (km)

102 10 lﬂa
(a)
1%L
, spectral
. uh ”
ﬁ 10
ump
:
g b
i
w07 5 km|
90 km|
(b)
g 0
2
]
i
Eol
‘m»z 1‘0" n;°

wavenumber (km ')

0 2 4 6 8
microrad



jason w.r.t. - 2par
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improved range precision for all pulse-limited altimeters

Geosat
ERS-1
Envisat
Jason-1
CryoSat-2
Jason-2

AltiKa

88.0
93.6
78.9
75.9
64.7
71.5
34.3

57.0
61.8
51.8
46.4
42.7
42.9
20.5

Smith [2015] showed standard
GDR of AltiKa is 2 X more
precise than Envisat

Zhang and Sandwell [2016]
showed that AltiKa also benefits
from 2-pass retracking.

In July 2016 AltiKa began
geodetic mapping. Could
achieve 1 mGal global marine
gravity.

(Note these statistics are done at 20 Hz or
350 m along-track resolution.)



2-pass waveform retracking reduces SSB
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SSH and SSB are highly correlated for wavelengths
less than 50 km and poorly correlated at longer
wavelengths.

The ratio of SSH to SWH is at least 12% at short
wavelengths and < 6% at long wavelengths.

[Garcia et al., OSTST Poster 2013]



can correct 1 Hz GDR [Zaron and deCarvalho, 2016]
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[Zaron and deCarvalho, 2016]



however, 1 Hz GDR has inadequate spatial resolution
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Nyquist wavelength of 1 Hz product
is 13 km.

Our goal is to achieve 0.5 gain at 13
km wavelength.

Note that boxcar filtering followed by
decimation at 6.7 km causes the
shorter wavelength noise to be
aliased into longer wavelengths.



accuracy and resolution of altimeter-derived gravity

” 7 PR =
A _. : : y 3
r‘lﬂ;t - e ; _\_Hg' ’
. l” e i
g 2
) ¢
-‘5&9?
Wi /
il [
20° IP/ *-9\\"
| =
=95 -85
LY
=
27 ~
| [ )
_:_lr / ﬁ\ (. ) LN
" 4, A 1
d o/ ',&l
- -R«\M R |
-96" -95° -84

v E T
g 5 Iy
= % N
— »
- £
)

1.0

coherence
o
o

0.0

20+
rms=1.33 mGal
0F
=
o
£
220
]
Z
>
]
& -40
'—
<
7]
-60 F
.BO 5
-80 -60 -40 -20 0 20
EDCON gravity anomaly
wavelengths
/) truncated by
boxcar 1 Hz boxcar
|
.
50 20

wavelength (km)

Comparison of altimeter-
derived gravity anomaly with
more accurate shipboard
gravity.

- rms difference is 1.33 mGal

- shortest resolvable
wavelength is 12 km



Conclusions

SWOT will require a MSS having both high accuracy and high spatial resolution.

Our approach uses CLS MSS repeat profiles to constrain large scales (> 50 km)
and the SIO non-repeat slope profiles to constrain small scales.

Pulse-limited altimetry will need to be corrected for sea surface slope when
compared with SWOT.

The standard SSH and SWH are highly correlated for wavelengths < 50 km. This
is due to the least-squares fitting.

2-pass retracking of all pulse-limited altimetry at 20 Hz will:
fix the 1-Hz sampling problem;

improve range precision by 1.5 times;
reduce the SSB.

What is a “safe” wavelength for SWH smoothing?






geoid slope correction for pulse-limited altimetry

In areas of steep geoid slope, the reflection point of a pulse-limited the altimeter
footprint is offset from Nadir resulting in a shorter range. A slope correction
must be applied to achieve 10 mm height, 1 mGal, and 10 cm/s velocity accuracy.

LSH L H s - slope —
2 ° (I+H/R)  H -satellite altitude g g
R - radius of earth W -
50°
H
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[Brenner et al., 1983; Sandwell and Smith, 2014]



geoid slope correction for pulse-limited altimetry

In areas of steep geoid
slope, the reflection point
of a pulse-limited the
altimeter footprint is offset
from Nadir resulting in a
shorter range. A slope
correction

must be applied to achieve
10 mm height, 1 mGal, and
10 cm/s velocity accuracy.
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least squares correlation of arrival time and rise time

* SSH and SWH are correlated with a “sea s
state bias” of ~25%. g
(Note SWH =4 X rise time.) -’* @?“
=
* Could improve the estimate of the SSH T T T e - |

by 1.5 times if the value of SWH was

y Arrival time and rise time are
nown.

correlated with a slope of ~1.

[Sandwell and Smith, 2005]



