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Introduction. Document overview

The purpose of this document is to report the major features of the data quality from the ocean Envisat
mission. The document is associated with data dissemination on a cycle by cycle basis.

The objectives of this document are :
To provide a data quality assessment
To provide users with necessary information for data processing

To report any change likely to impact data quality at any level, from instrument status to soft-
ware configuration

To present the major useful results for the current cycle

It is divided into the following topics :

General quality assessment and cycle overview
CALVAL main results

Long term performance monitoring
Particular investigations
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2. Cycle overview

2.1. Data and software version

This cycle has been produced with the IPF processing chain V5.06 and the CMA Reference Software
V9.2_0l.

The content of this science software version is described in a document available on the ESA PCS web
site ([2]). The main impacts of these evolutions on the SSH are described in section Impact of CMA version
7.1 for the SSH calculation (page 3).

2.2. Parameters

The parameters used to compute the sea surface height (SSH) for Envisat are :
- Ku range (ocean retracking)

- POE orbit

- GIM ionospheric correction

- MWR derived wet troposphere correction
- ECMWE dry tropospheric correction

- Non parametric sea state bias

- MOG2D

- Total geocentric GOTO0O ocean tide height
- Geocentric pole tide height

- Solid earth tide height

2.3. Warnings and recommendations

-This cycle is not impacted by the USO anomaly. However, users are strongly advised not to use the range
parameter in Ku and S Band without the USO correction provided by ESA. (see section efParticular).

-The S-band parameters, as well as the dual ionospheric correction are not relevant and must not be used
from Cycle 65 pass 289. Users are advised to use the Ionospheric correction from GIM model, which is
available in GDR data products (see section ).

2.4. Platform and instrument events

On November 18th, 2008 an orbit inclination correction manoeuvre took place (from 04 :35 :33 to 04 :49 :13
TAD).

On November 30th, at 20 :25 :00 DORIS/ENVISAT Artemis acquisition antenna was damaged by a
strong hail. No data were transfered from 2008/11/30 20 :25 :00 TAI to 2008/12/01 07 :14 :00 TAL

2.5. Cycle quality and performances

Good general results are obtained for this cycle of data.

The crossover standard deviation is 7.22 cm rms when using a selection to remove shallow waters (1000
m), areas of high ocean variability and high latitudes (> |50| deg). The standard deviation of Sea Level
Anomalies (SLA) relative to the CLSO1V1 Mean Sea Surface is 10.7 cm. When using a selection to remove
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shallow waters (1000 m), areas of high ocean variability and high latitudes (> |50| deg) it lowers to 9.5 cm .
Detailed CALVAL results are presented in section .

2.6. Impact of product version "b" (CMA version 7.1) for the SSH calculation

The evolutions having a direct and strong impact on the SSH estimation are described hereafter :

2.6.1. Usage of actual USO clock period

Within the IPF version 5.02, the actual value of Ultra Stable Oscillator clock period is used within the
L1b processing instead of the nominal one as it was used in previous IPF versions. This evolution implies
a +2.5 cm jump on the Envisat SSH between cycle 40 and 41. To avoid this jump, and correct for the USO
drift, users are advised to apply the correction provided by ESA on cycles 9 to 40 ([3]).

2.6.2. Improvement of the SSB correction

The Sea-State bias table has been recomputed (Labroue, 2005 [4])) accounting for the impact of the new
orbit and the new geophysical corrections (MOG2D, GOT00 ocean tide correction with the S2 component
corrected once only, new wind speed algorithm from Abdalla, 2006). The new SSB correction is shifted in
average by +2.0 cm in comparison with the previous one.

2.6.3. New POE orbit solution

New standards are used for the computation of the Envisat Precise Orbit Estimation. One of the main
evolutions is the use of the GRACE gravity model EIGEN_CGO03C. This new model implies a strong reduc-
tion of the geographically correlated radial orbit errors : the systematic differences between ascending and
descending passes which were locally higher than 4 cm in South West Pacific and South Atlantic are almost
fully removed.

2.6.4. MOG2D correction

In order to take into account the dynamical effects and wind forcing, a new correction is computed from
the MOG2D (Carrere and Lyard, 2003) barotropic model forced by pressure (without S1 and S2 constituents)
and wind. The use of such a correction in the SSH strongly improves the performances.

2.7. Impact of product evolution CMA version 9.2 01 for the SSH calculation

2.7.1. New POE orbit solution

From the cycle 68 onward, new standards are used for the computation of the Envisat Precise Orbit
Estimation (POD GDR-C configuration).

2.7.2. MOG2D correction
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From the cycle 68 onward, data are produced with the new Dynamic Atmospheric Correction (DAC/MOG2D
High Resolution).
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3. CALVAL main results

This section presents results that illustrate data quality during this cycle. These verification products are
produced operationally so that they allow systematic monitoring of the main relevant parameters.
3.1. Missing measurements

1761798 are present, and 56881 ( 3.1%) are missing. The maps below illustrate missing 1Hz measurements
in the GDRs, with respect to a 1 Hz sampling of a nominal repeat track.

Missing measurecments ( Ascenm% Passes%
Envisat Cycle 074 (17/11/2008 / 2 2/2008)

N

o s0 150 300 3s0
Mlssmg measurcments Desce assesg
Envisat Cycle 074 (17/11/2008 l 2 1 2008)

0 50 100 150 200 250 300 3s0

988 passes produced over 1002. 14 passes are missing :
- Pass 353 : Artemis Problem

- Passes 372 to 383 : Artemis Problem

- Pass 738 : Level 1B anomaly

3.2. Orbit quality

The orbit quality is good except around the data gap (tracks 372 to 383) were it is extrapolated. Some data
are removed on these passes on SLA criterion.
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Track 9 is edited due to an orbital problem. Actually, the orbit used for cycles 7 to 11 comes from a preli-
minary DORIS orbit for more than 2 days after a maneuver. Half of the orbit is edited on a mispointing flag
criterion, the remaining half of the track is edited on a SLA statistic criterion.
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3.3. Edited measurements

3.3.1. Statistics

Data editing is necessary to remove altimeter measurements having lower accuracy.

First, there is an editing using flags. Compared to the GDR product, two additional flags are computed :
An ice flag to detect sea ice measurements. A measurement is set to ice if, at high latitudes (> |50| deg),
one of the following criteria is valid :

- Number of 20Hz measurement < 17

- IMWR - ECMWF| wet tropospheric correction > 10cm

- Peakiness > 2

Radiometer land flag 44407 3.05
Ice flag 334427 22.98
11 0.00

Then, measurements are edited using thresholds on several parameters. These thresholds are expected to
remain constant throughout the Envisat mission, so that monitoring the number of edited measurements al-
lows a survey of data quality.

The next table gives for each tested parameter, minimum and maximum thresholds, the number and the
percentage of points removed.

Sea surface height (m) -130.000 | 100.000 1095 0.08
Variability relative to MSS (m) -2.000 2.000 6430 0.46
Number of 18Hz valid points 10.000 - 348 0.03
Std. deviation of 18Hz range (m) 0.000 0.250 14050 1.01
Off nadir angle from waveform (deg2) -0.200 0.160 5439 0.39
Dry tropospheric correction (m) -2.500 -1.900 0 0.00
MOG2D correction (m) -2.000 2.000 0 0.00
MWR wet tropospheric correction (m) -0.500 -0.001 2946 0.21
GIM Ionospheric correction (m) -0.400 0.040 0 0.00
Significant wave height (m) 0.000 11.000 1197 0.09
Sea state Bias (m) -0.500 0.000 2215 0.16
Backscatter coefficient (dB) 7.000 30.000 1882 0.14
GOTO0 ocean tide height (m) -5.000 5.000 2686 0.19
Long period tide height (m) -0.500 0.500 0 0.00
Earth tide (m) -1.000 1.000 0 0.00
Pole tide (m) -5.000 5.000 0 0.00
RA2 wind speed (m/s) 0.000 30.000 178 0.01

A final editing is then performed on corrected sea surface height, using a spline fitting procedure, leading to
remove 491 ( 0.04 %) measurements.
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3.3.2. Figures

The following maps are complementary : they show respectively the removed and selected measurements in
the editing procedure.

Edited measuremx
Envisat Cycle 074 (17/1 1/2008 / 22./12/2008)
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3.3.3. Comments

Wet areas appear in the plot of removed data. Similar features are observed with other altimeters (T/P, Jason)
mainly due to rain comtamination.

Two tracks were edited on the SLA statistic criteria :
- Track 973, South of Africa was edited probably duie to a lack of editing over ice.
- Track 9 is edited due to an orbital problem. Actually, the orbit used for cycles 7 to 11 comes from a preli-
minary DORIS orbit for more than 2 days after a maneuver. Half of the orbit is edited on a mispointing flag
criterion, the remaining half of the track is edited on a SLA statistic criterion.
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3.4. Altimeter parameters

In order to assess and to monitor altimeter parameter measurements, histograms of Envisat Ku-band Signi-
ficant Wave Height (SWH), Backscatter coefficient (Sigma0) and RMS of altimeter range are computed.

Ku—band Significant Wave Height ( unit : cm)
I 1 L I I I | 1 I 1

Number of ponts per samplz

—100 (3] 100 200 300 400 S500 6500 TOO 800 200 1000 1100
Lnvisat Cycle O74
Glob. Nb of pts = 1386031 | Sel. Nb of pts H 1386031 | Glob. Maximum H 1099700
Glob. Mean H 258.430 | Scl. Mean H 258.430 | Glob. Minimum H 0.000
Glob. Std H 119305 | Sel. Std H 119.305 | Sel. Maxirmum H 1099700
Glob. Skewnoss B 1.316 | Scl. Skewnoss B 1.316 | Scl. Mioimum B 0.000
Glob. Kurtosis H 2.780 | Sel. Kurtosis 2.780 interval H 1.000

Ku—band Backscatt-er Coefficient ( unit : dB)»
L I L I 1 1 1 1 1 1

Number of points per sample

[ 10 12 14 16 18 22 24 26 28 30
Oinvisat Cycle O74
Glob. Nb of pts. B 1386031 Scl. Nb of pts. = 1386031 Glob. Maximuam = 29900
Glob. Mean H 10.992 Sel. Mean H 10.992 Glob. Minimuomo H FTO8BO
Glob. Std B 1.707 Sel. Std = 1.707 Sel. Maximuam = 29900
Glob. Skewness z 2771 Sel. Skewness z 2771 Sel. Minimum z FO8O
Glob. Kurtosis B 15.534 Sel. Kurtosis B 15.534 interval B 0010
RMS of Ku—band rangc ¢ unit : cm)
L 1 [ 1 1 1 1 1
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oFE |
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0.05 2.55 s.05 7.55 10.05 12.55 15.05 17.55 20.05 22.55 25.05
Envisat Cycle O74
Glob. Nb of pts B 1386031 Scl. Nb of pts B 1386031 Glob. Maxirmum B 25 000
Glob. Mean z 8.891 Sel. Mean z 8.891 Glob. Minimum z 1400
Glob. Std B 2666 Sol. Std B 2666 Scl. Maximuam B 25 000
Glob. Skewness H 1.097 Sel. Skewness H 1.097 Sel. Minimuarm H 1400
Glob. Kurtosis B Z2.354 Sel. Kurtosis B 2.354 interval B 0200
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3.5. Radiometer

In order to assess and to monitor radiometer measurements, a scatter plot between the radiometer wet tro-
posphere correction and the ECMWF model is computed for the valid data set previously defined.

Envisat Cycle 074 { 17/11/2008
T T T T T | I..J.

as[ 7T L B T T

o
Y
TTT | T

MWR wet tropaspheric comection (m)

4]
-
T

a2 D.3
ECMWF wet tfropospheric correction {m}

minimum numbar of samples par box 1
maximum numbar of samples perbox  S08
percentage of samples

on. . P oo

.00 5.20 10.40 15.60 20.80 2500 231 .20 26.40 41.80 46.80 S52.00
Statisties ¥Y—X Linear regression Order 1 fit polynom
mean — —o.00685 type: | nale y—ax+hb
rMme = D.1672 y=ax + b a= 08588877823
shd = 09.01 521 a= 1.00145343 b = —0.005232132
Statisties ¥, X b - 41:’_'[’“_71 G?; Legend
samplos = 1386031 1 1 - Linear regression
ooANAr = a. 00806 maan — 015417 —_ = Ordar 1 fit polynom
r— 09.88734 rmes = 0.18146 - Bisectrix

sid = 0.08570

Statisties Y

meaan — 0.14721

rms = 0. 17566

shd — 0.08584

The radiometer-model mean difference is 0.7 cm. A drift on the Envisat 23.8GHz brightness temperature has
been detected and has to be monitored on the long term. Note that the neural algorithm is now implemented
on Envisat.
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3.6. Wind and wave maps

These two figures show wind and wave estimations derived from 35 days of altimeter measurements.

Envisat Cycle 074
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3.7. Crossover statistics

3.7.1. General comment

SSH crossover statistics are computed from the valid data set. They are used to estimate the data quality
and to monitor the system performances. After data editing and using the standard Envisat algorithms, the
crossover standard deviation is about 8.33 cm rms, when using a selection to remove shallow waters (1000
m). When using an additional selection to remove areas of high ocean variability and high latitudes (> |50
deg) it lowers to 7.22 cm rms. This statistic is a stable estimation of the system performance as it is not
influenced by sea ice coverage.

3.7.2. Impact of geophysical corrections

This figure shows the impact of geophysical corrections on crossover mean and rms. A selection is used to
remove shallow waters (1000 m).

For this analysis two corrections have been computed : a long wave length and a model ionospheric correc-
tion. The long wave length estimation is performed by a global minimization of crossover differences using
a (1 and 2 cycles/revolution) sinusoidal model. The model ionospheric correction is computed using the
JPL’s version of the GPS Ionosphere Maps (JPL GIM) thanks to the procedures provided by Remko Scharro
(internet communication to the CCVT community, December 12, 2002).
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3.8. SSH variability

3.8.1. Sea Level Anomaly

Repeat-track analysis is routinely used to compute Sea Level Anomalies (SLA) relative to the previous cycle
and relative to a mean profile. The mean profile has been computed using ERS-1 and ERS-2 data and has
been ajusted on the 7 year TP mean profile. In order to see fine features SLA are centered about the mean
value.

Envisat Cycle 074
17/11/2008 —22/12/2008

Sea Level Anomaly relative to cycle 073 (cm)
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Envisat Cycle 074
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12 -1o -8 — —4 = 1 1
Sea Level Anomaly relative to a 7 year mean (e

ENVISAT GDR Quality Assessment Report Cycle 074 17-11-2008 22-12-2008
SALP-RP-P2-EX-21072-CLS074
Page 16



3.8.2. Comparison to a precise Mean Sea Surface

The MSS from the product is used as a reference to compute SLA. Global statistics of Envisat SSH-MSS
are (cm) :

1553225 49.17 10.70

When using a selection to remove shallow waters (1000 m), areas of high ocean variability and high latitudes
(> |50]| deg) statistics are :

968441.00000000 | 49.51 9.49

The two following maps respectively show the map of Envisat SLA relative to the MSS and differences hi-
gher than a 30 cm threshold. In order to see fine features SLA are centered about the mean value. The latter
figure shows that apart from isolated measurements, higher differences are located in high ocean variability
areas, as expected.

Envisat Cycle 074
17/11/2008 —22/12/2008
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Variability relative to MSS (cm)
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(SSH — MSS) centered, differences Ereater than 30 cm
Envisat / Cycle 07
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4. Envisat long term performance monitoring

Statistics of SSH variability are computed after crossover and repeat-track analyses. This allows to estimate
how Envisat data fulfill the mission objectives in terms of performances.

4.1. Standard deviation of the differences at crossovers

This parameter is plotted as a function of time in a

one cycle per cycle basis in the figure below. It is com-

puted after data editing and using 2 aditing selection criteria :

— Selecting crossover differences lower than 30 cm to avoid contamination by remaining spurious data.
— Removing shallow waters (1000 m), areas of high ocean variability and high latitudes (> |50| deg.)

to avoid ice coverage effects.
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RMS of Sea Level Anomaly

4.2

Sea Level Anomalies relative to a mean profile are computed using repeat-track analysis for each Envisat
cycle. To monitor Envisat performances and ocean signals, the cycle per cycle standard deviation of the SLA

is plotted as a function of time.
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4.3. Mean Sea Level

MSL estimations are performed on a cycle basis averaging Sea Level Anomalies relative to a mean profile.
The SSH is computed using :

— the ECMWF model wet troposphere correction in order to remove the effect of the drift of the 36.5
GHz Brightness Temperature
— the correction provided by ESA to correct the range from the USO drift and bias ([3]) for cycle 9 to
40
— the dual ionopheric correction for cycle 9 to 64 and the GIM ionospheric correction from cycle 65
onwards, with an 8 mm offset applied to take into account the change from the dual ionospheric
correction to the GIM ionospheric correction
— the Labroue (2005 [4]) sea state bias for all cycles
The value for each cycle is calculated from averaging over 2 by 3 degree bins, then weighting by latitude
to take into account the relative geographical area represented by the bin. Results plotted on the following
figure is obtained after annual and semi-annual signals reduction.

During the first year (cycles 10 to 20) Envisat MSL global trend is not consistent to other flying satel-
lites. This unexplained behavior is under investigation. The following figure shows the MSL global trend
from cycle 20 onwards.
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5. Particular investigations

This cycle was validated with a delay to enable a particular investigation on the monitoring per cycle of the
Crossover mean. It is detailled hereafter (4th point).
— Two tracks were edited on the SLA statistic criteria :
- Track 973, South of Africa was edited probably duie to a lack of editing over ice.
- Track 9 is edited due to an orbital problem. Actually, the orbit used for cycles 7 to 11 comes from
a preliminary DORIS orbit for more than 2 days after a maneuver. Half of the orbit is edited on a
mispointing flag criterion, the remaining half of the track is edited on a SLA statistic criterion.

— For an unknown reason, a change of behaviour of the Ultra Stable Oscillator (USO) clock frequency
occurred in January 2008. Since Cycle 65 (pass 451 2008/01/23), the anomaly has disappeared. This
quality assessment has been done using the USO temporary correction provided by ESA. Users are
strongly advised not to use the range parameter in Ku and S Band without this correction, even for
the non-anomalous periods, in order to correct the range from the long term drift of the USO device.
More information is available on http ://earth.esa.int/pcs/envisat/ra2/auxdata/

— Ten hours after the recovery of the HSM anomaly on the 17 January 2008, a drop of the RA2 S-band
transmission power occurred. Consequently, all the S-band parameters, as well as the dual ionospheric
correction are not relevant and MUST NOT be used from the following date : 17 January 2008,
23 :23 :40 (Cycle 65 pass 289). Users are advised to use the Ionospheric correction from GIM model,
which is available in GDR data products.
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— A particularly low value (around 1cm bias /the expected value, see Figure below left) is observed on
the monitoring per cycle of the Crossover mean. This drop is also noticed on the time tag bias (esti-
mated datation bias) (see Figure below right) wich undergoes a 0.3ms drop. Considering the average
maximum of radial speed (25m/sec), this could cause a 1.5cm discrepancy between ascending and
descending tracks.

After investigations this event was attributed to the conjunction of a particular time slicing of this
cycle and a minimal value of the annual signal observed on the crossover mean.

First of all, a change in the orbit computation (coordinates updates for DORIS (DPOD 2005) on 17
Dec2008 and for LASER on 27 Nov2008) was suspected but its impact on the data was then seen to
be negligeible and undependant from that particular behaviour :

- The monitoring of the future cycles show that the bias decrease after that minimum value (see the
last points on the figure below).

- Furthermore, statistics were computed with another orbit (from ESOC, homogeneous on the whole
series) and show a similar behaviour (see blue plot below).
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(em)

ENYISAT MSL Asc — Dsc difference, 9 days time slicing, from cycle 41 onwards
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— A USO problem occured on November, the 22th, impacting track 141 over land only and with no
impact on ocean data : two isolated erroneous values occurred during the period computation (at
19h22 and 19h24, seconds 69729 and 69841 of the day), impacting around 4 mn of data after the
spline filter. The impacted data are plotted on the Figure below.
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