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1.0 Introduction and summary

This document reports on the performances of the ERS-2 RA during nominal operations and on

the quality of the RA fast delivery products (URA) in the period betweef gBptember to ]
December 2000, corresponding to cycles 57 and 58.

The results reported in each section concern, apart from a summary of the daily quality control
made within the PCS, an explanation of the major events that have impacted the performance dur-
ing the last cycles.

After the increasing pattern at the beginning which corresponds to the commissioning phase; in
the last period the AGC Openloop Calibration values are following a decreasing pattern which can
be related to instrumental ageing. During cycle 57 a small increase of the AGC values is noticea-
ble just in correspondence of the anomaly occurred on thefTOctober (ref. par. 3.2.2). The

AGC values just after the recovery from the anomaly were about 0.05 dBs higher than the previ-
ous trend while this difference was reduced to 0.02 dBs at the end of cycle 58. Because of these
small values, the AGC variation occurred should not have had a very big impact in the backscat-
tering quantity measured by the Radar Altimeter. Anyway the problem is under investigation in
order to determine, under a quantitative point of view, the rebound, if any, on the measured
sigma_O0.

For the HTL Openloop Calibration the overall increasing pattern is easy to notice, being the first
part related to the commissioning phase. It is superimposed to sudden variations (jumps) of the
values in concomitance to instrument anomalies. For the period covering cycles 57 and 58 one
anomaly occurred, in relation to this, a jump in the HTL trend is easy to notice at the end of the
time series.

Over the last period the Ultra Stable Oscillator drift measurements slope tend to be lower than it
was before (smaller negative value). Since the beginning of the year 1999 the values of the USO
frequency are likely to follow a different trend respect to what they did before that date. Starting
from cycle 46 the amount of values following that different trend was big enough to cause the
overall drift passing from a negative value of 8.9 mm/year to a negative value of 8.7 mm/year. Af-
ter specific investigations it has been found that since November 298 the slope had as-
sumed a value of 7.1 mm/year until cycle 53 and has been continuing to increase until reaching a
value of 6.9 mm/year at the end of cycle 58. This fact cannot be correlated to a particular event re-
garding the instrument itself; the explanation could be a high amount of magnetic or X rays in the
space outside the spacecraft which often cause a frequency change in this kind of devices. Any-
way this does not introduce further errors in the Radar Altimeter measurements, being the USO
frequency regularly measured and the appropriated correction evaluated.

The Scanning Point Target Response correction values history clearly shows the jumps occurring
in correspondence to the instrument anomalies. It is worthwhile to notice that the jumps in the
SPTR correction value are much less frequent after the summer 1997. This is related to a patch in
the on-board software performed on July th& 14997, aimed to reduce the frequency of occur-
rence of the most common anomaly for the Radar Altimeter. That anomaly is denominated
“Memory Checksum Violation” and consists in the change of a bit’s value in the internal memory
due to casual electric discharge. During cycle 57 and 58 the instrument suffered of one anomaly,
therefore one jump is visible during this period of time.
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The Percentage of products in Acquisition Mode for cycles 57 and 58 was around 1.5%. This pa-
rameter represents a figure which helps in assessing the instrument tracking performance. The
present value is nominal since cycle 40 when the Ice/Ocean Mask was changed and consequently
the Radar Altimeter tracking performance definitely improved. Before that date the percentage of
products in Acquisition Mode was stable around a value of 1.8%. Worthwhile to notice that for
the 8" and the §' of October no information is available due to the instrument anomaly (ref. par.
3.2.2)

Considering the whole mission time extent, the trend of most of the internal instrument parame-
ters appears to be quite stable. The only cases showing variations are the HPA Transmitted Power
and the Helix Current being anyway those variations so slow to be detectable in one or two cycles
time scale. On the other hand, an anomalous event occurred at the beginning of July 2000 caused
a small but abrupt change in some of the parameters figures (e.g. High Power Amplifier transmit-
ted power, Instrument Control Unit temperature, Signal Processor Sub Assembly panel tempera-
ture). During cycle 57 and 58 the parameters kept the trends they had assumed during the three
previous cycles despite the anomaly occurred on'fhef Dctober 2000 (ref. par. 3.2.2).

The IF Filter Shape was monitored during cycles 57 and 58. The anomaly occurred dhahe 7
October did not have a noticeable impact on the IF Filter behaviour. The average difference over
the whole filter bank in comparison to the beginning of the mission remains at about 0.035 dBs
also after the recovery of the instrument on th& 1® October. Of course due to the anomaly, no
data were available for the IF Filter Shape computation on Octoberthéng 8" and the 9.

More generally, the IF Filter shape is affecting the received echo shape within the filter bank. For
this reason it has an influence on all the RA retrieved parameters (e.g. Range, Sigma_0 and Sig-
nificant Wave Height) being their evaluation based on the received waveform profile. Investiga-
tions are on going in order to assess the impact of the IF Filter shape variations on the RA
retrieved geophysical parameters.

During cycles 57 and 58 the Radar Altimeter off-nadir pointing continued to be monitored result-
ing in an overall mispointing average value@b85 . A very small increasing trend is evident af-
ter middle February 20000 (change of the piloting system) and another aftel' tbeQctober

2000 when the Gyro 5 failed and the Gyro 1 was chosen to pilot the platform in nominal opera-
tions (after a very short period during which Gyro 6 was used). The total increment, being in aver-
age lower than0.01 , can be anyway considered irrelevant bearing in mind the uncertainties
affecting the retrieved figures.

The fast delivery data performance during cycle 57 was reasonably satisfying. The value close to
10 percent for the missing products was due to the occurrence of an instrument anomaly in the pe-
riod 7-10 October 2000 (ref. par. 3.3.2) and to acquisition problems occurred between 10:10 and
10:50 on the 28 of September. The value of about 1.5 percent, characterising the Wet Tropo-
spheric Correction Default Values during this cycle, is not negligible. It was mostly due to some
acquisition problems occurred on the™e6f September and to the fact that the Gyro 5 failure re-
lated anomaly lasted almost one day longer for the MWR than for the RA (ref. par. 3.3.2).

The fast delivery data performance during cycle 58 was very good.
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2.0 Calibration Performances

The calibration measurements performed operationally for the Radar Altimeter are executed with
the internal calibration technique. It is not an end-to-end absolute calibration because some ele-
ments like some ferrite circulators, waveguides and the antenna are outside the calibration path,
but makes a relative calibration of time dependent variations in the instrument measurements
caused by thermal variation around the orbit as well as ageing effects. There are three types of cal-
ibration measurements: The Openloop Calibration, the Scanning Point Target Response (SPTR)
Calibration and the Ultra Stable Oscillator (USO) Calibration. The Openloop Calibration, is relat-
ed to two parameters: the altimetric range and the received power which is then related to the nor-
malized backscattering coefficient (Sigma_0). The Openloop Calibration is dedicated in particular
to correct for the thermal orbital variation. It does anyway take into account variabilities due to in-
strument ageing. The SPTR and USO Calibration are performed to keep under control time-relat-
ed effects on some reference parameters used in the evaluation of the altimetric range.

2.1 Openloop Calibration

2.1.1 Automatic Gain Control (AGC)

The received power in the Radar Altimeter, during nominal tracking operations, is automatically
attenuated of amplified by the instrument aiming to have the best detection of the signal. In order
to calibrate the value of that attenuation, a measurement is performed every minute using a special
transmitted impulse called Point Target Response. In this case the impulse is not sent to the
ground but, after transmission, is redirected to the receive along the calibration path. The calibra-
tion mode measures the variations of the Point Target Response power due to the internal elec-
tronics of the instrument. The attenuation or amplification of the signal is performed respect to a
Reference Power defined at the beginning of the mission as described by the following formula:

64
ZMWND
F_ 1

A" =
Ky

Where:

AF: Calibration sigma_0 correction value

MWA(i): Waveform Samples

K,4: Power reference value for Openloop Calibration

The values measured with this technique, after smoothing, are added to the sigma_0 measure-
ments during the on-ground processing. The AGC Openloop Calibration trend since the begin-
ning of the mission is plotted in the following picture. Every value represents the average over one
orbit; this hides the orbital variations in the AGC values, which otherwise would be clear. The in-
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creasing pattern at the beginning corresponds to the commissioning phase. The decreasing pattern
covering the last few years can be related to instrumental ageing. During cycle 57 a small increase
of the AGC values is noticeable just in correspondence of the anomaly occurred dhahee-

tober (ref. par. 3.2.2). The AGC values just after the recovery from the anomaly were about 0.05
dBs higher than the previous trend while this difference was reduced to 0.02 dBs at the end of cy-
cle 58. Because of these small values, the AGC variation occurred should not have had a very big
Impact in the backscattering quantity measured by the Radar Altimeter. Anyway the problem is
under investigation in order to determine, under a quantitative point of view, the rebound, if any,
on the measured sigma_O.
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OPEN LOOP AGC CALIBRATION CORRECTION
ERS—2 RADAR ALTIMETER
From 29—-APR—-1995 to 04—-DEC—2000

2.1.2 Height Tracking Loop (HTL)

The Radar Altimeter, during nominal tracking operations, measures the time delay the transmitted
impulse takes to travel to the ground and back, including the internal path. In order to calibrate the
equivalent length of the internal path, a measurement is performed every minute using a special
transmitted impulse called Point Target Response (PTR). In this case the impulse is not sent to the
ground but, after transmission, is redirected to the receive along the calibration path. The calibra-
tion measures the variations in the delay time the Point Target Response signal takes to travel
through the entire length of the calibration path; or, in other words, the variation of the calibration
path equivalent length. The measurements are performed with reference to the centre of the track-
ing window. The overall calibration correction value is given by the following formula:

TO = (N, —32)k; +K,

where:

TF: Calibration height correction value
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Ns. derived centre of the Point Target response
ki: conversion factor from filter units to time
K,: delay time to the range window position

First the position of the PTR in the tracking window is determined (where the centre of the track-
ing window is identified by filter number 32) and then the position of the tracking window is es-
tablished and added. During the openloop calibration only the position of the PTR within the
tracking window is observable and the window position is assumed as know. Anyway for the cali-
bration to be accurate, also this last parameter has to kept under control and its stability to be as-
sessed. This can be done via the SPTR Calibration described in par. 2.3. The values measured
with this technique, after smoothing, are added to the altimeter measurements during the on-
ground processing. As for all the time delay measurements in the Radar Altimeter, the measure-
ment unit for the Openloop HTL calibration is a frequency derived from the USO one. In case of
instrument anomaly, the HTL measurements can show very sudden variations in their values; they
are probably due to an asymmetry of the reference clock and to a variation of the equivalent
length of an internal subsystem. The HTL Openloop Calibration trend since the beginning of the
mission is plotted in the following picture. Every value represents the average over one orbit; this
hides the orbital variations in the HTL values, which otherwise would be clear. The overall in-
creasing pattern is easy to notice, being the first part related to the commissioning phase. It is su-
perimposed to sudden variations (jumps) of the values in correspondence to instrument
anomalies. For the period covering cycles 57 and 58 one anomaly occurred, in relation to this a
jump in the HTL trend is easy to notice at the end of the time series.
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2.2 Ultra Stable Oscillator (USO)

Every time delay measurement performed by the Radar Altimeter, both in tracking and calibration
modes, uses, as measurement unit, a clock frequency derived from the Ultra Stable Oscillator one.
Any variation in that reference clock could cause an error the time delay measurements and con-
sequently on the altimetric range estimation. For this reason the USO is kept under control by
mean of a weekly measurement of a derived frequency, which nominal value is 15 MHz. The out-
put of this campaign is used by ESRIN/PCS to calculate, every week, a correction value to be add-
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ed to the range measurements in order account for any variation of the internal clock and so to
enhance the quality of the data. The following picture shows the USO measurements trend since
the beginning of the mission. It has to be noticed that during the last period, the Ultra Stable Os-
cillator drift measurements slope tend to be lower than it was before (smaller negative value).
Since the beginning of the year 1999 the values of the USO frequency are likely to follow a differ-
ent trend respect to whet they did before that date. Since cycle 46 we had noticed that the amount
of values following that different trend was big enough to cause the overall drift passing from a
negative value of 8.9 mm/year to a negative value of 8.7 mm/year. After specific investigations it
has been found that since November th& 2998 the slope had assumed a value of 7.1 mm/year
until cycle 53 and has been continuing to increase until a value of 6.9 mm/year at the end of cycle
58. This fact cannot be correlated to a particular event regarding the instrument itself; the explana-
tion could be a high amount of magnetic or X rays in the space outside the spacecraft which often
cause a frequency change in this kind of devices. Anyway this does not introduce further errors in
the Radar Altimeter measurements, being the USO frequency regularly measured and the appro-
priated correction evaluated.
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2.3 Scanning Point Target Response (SPTR)

During the Radar Altimeter operations all the time delay measurements are performed calculating
the position of the received echo within the tracking window with reference to its centre. The
range value equivalent to the tracking window centre has been evaluated prior to launch and was
considered to be stable. After launch it has been noticed that value was not stable, on the contrary,
it was affected by abrupt changes in correspondence to instrument anomalies. The original value
is anywaly still used as reference for the time delay measurements both in tracking and calibration
modes. The cause of those jumps has been identified in an internal clock asymmetry; in order to
determine the position of the tracking window centre, correcting for the clock asymmetry effects,
a dedicated Scanning Point Target Response campaign is performed every day. The basic concept
for the measurement campaign is the study of the positions, within the tracking window, of differ-
ent PTR related to different trigger positions. Every day, the output of this campaign is used by
ESRIN/PCS to calculate a range correction value which takes into account the discrepancies be-
tween the operationally used tracking window position values and the measured one. Those cor-

8
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rection values have to be added to the range measurements in order to improve the quality of the
data. The campaign was previously performed every three days and it could happen that two sub-
sequent anomalies occur without that an SPTR campaign was performed. Knowing that the posi-
tion of the tracking window is affected by abrupt changes related to instrument anomalies, in the
period between the two anomalies it would not have been possible to determine the exact position.
The SPTR correction values history is reported in the following picture showing clearly the jumps
in correspondence to the instrument anomalies. It is worthwhile to notice in the plot that the
jumps in the SPTR correction value are much less frequent after the summer 1997. This is related
to a patch in the on-board software performed on July tH219P7, aimed to reduce the frequen-

cy of occurrence of the most common anomaly for the Radar Altimeter. That anomaly is denomi-
nated “Memory Checksum Violation” and consists in the change of a bit’s value in the internal
memory due to casual electric discharge. During cycle 57 and 58 the instrument suffered of one
anomaly, therefore one jump is visible during this period of time.
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2.3.1 SPTR and HTL Openloop Calibration Corrections Correlation

Observing the plots related to the SPTR and the HTL Openloop Calibration corrections trends,

both affected by jumps in their values in correspondence to instrument anomalies; it would be rea-
sonable to think that the values of the two corrections could be in some way correlated. This idea
could be furthermore supported by the fact that the techniques the two calibrations are implement-
ed with are very similar, both basing on the measurement of the Point Target Response internal
delay.

Considering that the SPTR calibration is aimed to correct for the abrupt changes in the tracking
window centre position which is the reference for the HTL Openloop calibration and supposing
that the HTL Openloop calibration would follow a logarithmic trend when not affected by jumps;
the following algorithm was implemented. For each interval between two instrument anomalies
(inter-anomaly period), a differential value was calculated between the theoretical HTL logarith-
mic trend and the average over that period of the real HTL Openloop calibration series. That value
was then correlated with the corresponding SPTR correction one.
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Hereafter, in the first plot, the HTL Openloop calibration trend, its average over every inter-anom-
aly period and the theoretical logarithmic behaviour are plotted. Only HTL Openloop calibration
values lower than the median over every inter-anomaly period have been considered in order to
eliminate the influence of the high HTL variability. The scatter plot between the just described
differential values and the corresponding SPTR correction values is reported in the second figure.
The low correlation coefficient value and the scatter plot itself reveal that the expected correlation
Is not in practice realised. The knowledge of the instrument and the calibrations techniques can
explain the evidence as follows. Even if both the SPTR and HTL Openloop calibrations are effect-
ed by the clock asymmetry which causes a certain similarity in the their behaviours, the HTL
Openloop calibration is affected by a secondary effect, also happening in correspondence to in-
strument anomalies, which causes the numerical uncorrelation. The secondary effect just men-
tioned can be identified in the delay line equivalent length variation due to the internal
temperature change often associated with instrument anomalies.
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3.0 Instrument performance

The instrument performances are assessed monitoring the following parameters:

» Acquisition Percentage: the percentage of products in Acquisition Mode both for cycle 57 and
cycle 58 since the beginning of the mission. It is useful to determine the capability of the in-
strument in performing meaningful measurements.

* Internal Instrument Parameters for the period covering cycle 57 and 58. They are important to
keep track of the status of every subsystem internal to the instrument, and try to establish corre-
lation with eventual variations in the measured quantities (e.g. Range, Sigma_0 and Significant
Wave Height) and with instrument malfunctions.

 |F Filter Shape for cycle 57 and cycle 58 and trend of the difference respect to the shape the IF
Filter had at the beginning of the mission (e.g. on tWe)BMay 1995). This is important in or-
der to monitor if and how the waveforms are distorted by this component inside the instrument
and if how distortions have been changing during the mission lifetime.

» Off-nadir pointing trend since the beginning of the mission. This is important in order to asses
if the RA antenna really points at nadir being this one the of the main requirements for all the
RA data processing.

3.1 Acquisition Percentage

During nominal operations the Radar Altimeter works alternatively in Acquisition and Tracking
Modes. In Acquisition Mode the instruments adjust cyclically its internal parameters in order to
reach the best reception of the backscattered echo. In this mode the instrument cannot perform
any meaningful measurement. When the internal parameters are set to their optimum values for
the best reception of the echo in those particular conditions, the instrument switches automatically
to Tracking Mode. In Tracking Mode the instrument can perform meaningful measurements. A
change in the environment the instrument is flying over (in particular the slope of the terrain)
cause the instrument to adjust again its internal parameters to obtain the best reception. If it is able
to perform the adjustment without switching again to Acquisition Mode, we can affirm that the in-
strument “maintains the lock” with the backscattered signal; the most the instrument stays in
Tracking Mode, the better its performances can be considered. Considered the working concept
just described, it easily to understand that zones characterised by high terrain slope variations
(like mountainous and coastal zones) cause the instrument to loose the lock and consequently
force him to work in Acquisition Mode for an high percentage of time. The amount of ocean
products in Acquisition and Tracking Modes for cycle 57 and 58 are reported in the second and
third plots hereafter together with the percentage of products in Acquisition Mode respect to the
total. Worthwhile to notice that for theBand the §' of October no information is available due

to the instrument anomaly (ref. par. 3.2.2)

The percentage of products in Acquisition Mode is, in general, lower than the one reported for any
other cycle previous cycle 41. The values of that parameter during, for example, cycle 40, were, in
average, lying around 1.95% (in previous reports the value 1.8% had been reported but a more ac-
curate observation allows us to affirm that a higher value is more appropriate); in this case the val-
ues lye around 1.5%. This is due to the change of the Ice/Ocean mask used for the Radar
Altimeter operations, mentioned more in detail in the chapter dedicated to the Instrument Mode,
avoiding the instrument to often switch to Acquisition Mode when flying over costal zones. The
decrease of Acquisition Mode percentage can be noticed also in the Tracking Performance Trend

11
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since the beginning of the mission plotted just behind. Here the two burst of higher values close to
the beginning are relative to periods when the internal parameters have been manually changed
for tests.

DAY ACQUISITION Number TRACKING Number ACQUISITION Percentage(%)
25-SEP-2000 852 54949 1.526
26—-SEP—-2000 895 82463 1.412
27—-SEP-2000 1065 60831 1.720
28—-SEP—-2000 848 59044 1.415
29-SEP-2000 1018 64036 1.564
30—-SEP-2000 1066 57818 1.810
01-0CT—-2000 894 60259 1.461
02-0CT—-2000 843 57713 1.439
03-0CT—2000 1502 71748 2.050
04-0CT—2000 845 59146 1.408
05-0CT—-2000 30 4278 0.696
06—0CT—2000 1027 62633 1.613
07-0CT—-2000 614 44984 1.346
08-0CT—2000 0 0 No data
09-0CT—-2000 [e] [e] No data
10-0CT—-2000 324 16098 1.972
11-0CT—-2000 890 58968 1.486
12—-0CT—-2000 916 63425 1.423
13-0CT—2000 1102 80466 1.789
14—-0CT—2000 884 58938 1.477
15-0CT—-2000 982 63958 1.512
16—0CT—2000 1058 57985 1.791
17-0CT-2000 918 59828 1.511
18-0CT—-2000 881 59231 1.465
19-0CT—-2000 1077 62355 1.8697
20-0CT-2000 977 60431 1.591
21-0CT-2000 952 59107 1.585
22-0CT-2000 1085 62645 1.702
23-0CT-2000 947 60904 1.531
24-0CT—-2000 946 59072 1.576
25-0CT-2000 969 62912 1.516
26—-0CT—-2000 1028 60957 1.658
27-0CT—-2000 989 59421 1.8637
28-0CT-2000 939 67220 1.377
29-0CT-2000 947 56352 1.8652

TRACKER PERFORMANCE
ERS—2 RADAR ALTIMETER/CYCLE 57

From 25-Sep—2000 to 30-—0ct—-2000

DAY ACQUISITION Number TRACKING Number ACQUISITION Percentage(%)
30-0CT—2000 873 54587 1.574
31-0CT—-2000 955 67982 1.385
01-NOV—2000 1432 77976 1.803
02-NOV—2000 992 71173 1.374
03—-NOV—2000 1401 82886 1.662
04—NOV—2000 1473 71606 2.015
05—NOV—2000 1180 76755 1.514
06—NOV—2000 1145 72386 1.557
07-NOV—2000 1397 81231 1.690
08—NOV—2000 1296 79217 1.609
09—-NOV—2000 1168 73367 1.567
10—NOV—2000 1423 81093 1.724
11=NOV—2000 1378 79638 1.700
12—NOV—2000 1195 72515 1.621
13—NOV—2000 1228 76856 1.572
14—NOV—2000 1375 79203 1.706
15—NOV—2000 1192 71229 1.645
16—NOV—2000 1158 79859 1.429
17—NOV—2000 1504 82697 1.786
18—NOV—2000 1015 74818 1.338
19—NOV—2000 1761 103041 1.680
20-NOV—2000 1462 71984 1.990
21-NOV—2000 1130 77430 1.438
22-NOV—2000 1280 77053 1.634
23—NOV—2000 1525 84788 1.766
24—NOV—2000 1269 83274 1.501
25—NOV—2000 1255 77244 1.598
26—NOV—2000 1539 84960 1.779
27-NOV—2000 1328 79747 1.837
28—-NOV—2000 1011 62916 1.581
29—-NOV—2000 1416 81132 1.715
30—NOV—2000 1323 77919 1.669
01-DEC—2000 1225 71634 1.681
02-DEC—2000 1318 85271 1.522
03—-DEC—2000 1503 83117 1.776

TRACKER PERFORMANCE
ERS—2 RADAR ALTIMETER/CYCLE 58
From 30—0ct—2000 to 04—Dec—2000
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TRACKER PERFORMANCE TREND
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3.2 Internal Instrument Parameters

During nominal operations several engineering parameters characterizing many of the instrument
subsystems are constantly measured and transmitted to the ground. The parameters are measurec
with a frequency of one sample every 16 seconds and mainly consist of power, current, voltage
and temperature at different points inside the instrument. They are useful in order to have a better
insight of the behaviour of the instrument and can be used to identify eventual malfunctions or
anomalous functioning.

3.2.1 Internal Instrument Parameters Trends

For detailed information on the internal instrument parameters long term trends: http://ersmon-
rp.esoc.esa.de/

The internal instrument parameters can be subdivided into two categories:

» Parameters not influenced by the temperature outside the instrument thus not presenting varia-
tions synchronous with the orbit. They are plotted in the following pictures where all the values
(one every 16 seconds) are displayed and the discrimination due to the quantization is easy to
notice.

Considering the whole mission time extent, the trend of most of the parameters appears to be
quite stable. The only parameters showing variations are the HPA Transmitted Power and the
Helix Current. The two parameters had been following a very slow decreasing trend since the
beginning of the mission until cycle 37 (November 1998) when the decreasing became slightly
more important. Since cycle 45 (August 1999) the Helix Current trend started slowly to in-
crease while the decreasing of the HPA Transmitted Power became again less noticeable.
Those variations are so slow that they are not detectable in one or two cycles time scale.
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On the other hand, an anomalous event occurred at the beginning of July 2000 caused a small
but abrupt change on several of the parameters hereafter reported. Among them the HPA Trans-
mitted Power, for example, has recorded a decreased of about 0.5 W. During cycle 57 and 58
the parameters kept the trends they had assumed during the three previous cycles despite the
anomaly occurred on thd"of October 2000 (ref. par. 3.2.2).
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» Parameters influenced by the temperature outside the instrument thus presenting variations
synchronous with the orbit. They are displayed in the following pictures after the daily mean
has been calculated.

In general, within few cycles time extent, the trends for all the parameters are quite stable; the
most of them even maintain the same value during the whole period. An exception to this is
given by the ICU temperature which shows, in the daily average, variations up to one degree.
Most probably the actual variation inside the instrument is not so significant. The more sub-
stantial one degree variation noticeable in the plot is, possibly, due to the quantization of the te-
lemetry measurements and the way they are transformed from binary into engineering values.

The Instrument Control Unit (ICU) temperature is the parameter which suffered the most of an
instrument anomaly occurred at the beginning of July 2000; this is easy to understand consider-
ing that a malfunction of this component caused a failure of the whole payload. After the
anomaly the ICU temperature was more than 7 lower than before and actually it is stable at

15

Cesa,,..



ESRIN DATA HANDLING DIVISION APP-ADQ

around 29 . Furthermore, the July anomaly caused a SPSA Panel temperature decrease of 1
while the LVPS temperatures experienced a 1 increase. During cycle 57 and 58 the parameters
trends remained stable at the values they had assumed in the three previous cycles despite the
anomaly occurred on thd"of October 2000 (ref. par. 3.2.2).
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3.2.2 Internal Instrument Parameters and Instrument Anomalies

4/Dec /2000

The internal instrument parameters are very useful in controlling the status of the instrument espe-
cially in case of instrument anomalies. They allow a better understanding of its behaviour during
the different phases of the operational status recovery and help to identify the different types of

anomalies occurred.

During cycles 57 and 58 one instrument anomalies occurred. The table hereafter reports the date
and a short explanation for every of them (in case they are present), if known at the time of the r
port. The information is made available at ESRIN/PCS by the ERS Mission Control Centre at ES-

OC.
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Table 1: Anomalies occurred during cycle 57 and 58

Anomaly Reason
07-Oct-2000 17:30:49 - 10-Oct-2000 16:40:33 Failure of Gyro 5 PRlat-
form in CAM

In the following pictures all the internal instrument parameters are plotted for day OctdBer 10

For every plot all the values of the parameters (one every 16 seconds) are displayed together with
the relative instrument mode (represented by the colours). In some cases the parameters values
were not available while the instrument mode information was. In those cases the parameter value
has been chosen to be a value out of the nominal range; so the displayed points much higher or
much lower than the overall trend do not represent real values of the parameters but they have
been used just to show the instrument mode. During nominal operations the instrument works al-
ternatively in Ocean and Ice mode. Depending on the type of anomaly, when an anomaly occurs,
sometimes the instrumental parameters are not recorded sometimes they are. Anyway during the
anomaly, or just after it, the instrument switches to one of the not nominal modes like Stand By
USO Off/On, Stand By SPSA Off/On recovering to the operational working modes via some of
the following ones: Warm Up 0, Warm Up 1, Warm Up 2. Hereafter the legend relative to the fol-
lowing pictures is reported showing all the possible instrument modes for the Radar Altimeter.
The percentages of every mode occurred during cycle 57 and 58 are also reported.

Radar Altimeter MODE Decoding Key and percentage of occurences per mode & passage

BITE+ MWS ON PAUSE FLIGHT CALIB OCEAN ACQ/TR ICE ACQ/TRA

A 0.00 D 0.00 A 0.00 D 0.00 .A 0.00 D 0.00 .A 64.3 D 65.1 A 282D 280

STBY+ USO ON WARM UP O WUT+ SPSA OFF WU1T+ SPSA ON WU2+ SPSA OFF WU2+ SPSA ON BITE+ MWS OFF
A 0.20 D 0.20 A 0.00 D 0.00 A 0.00 D 0.00 A 0.20 D 0.20 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00
TX BITE+ MWS OFF TX BITE+ MWS ON TX PAUSE TX FLIGHT CALIB TX OCEAN ACQ/TR TX ICE ACQ/TRA STBY+ USO OFF

.A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 .A 0.20 D 0.20

TX STBY+ USO OFF TX STBY+ USO ON TX WARM UP O TX WUT+ SPSA OFF TX WU1+ SPSA ON TX WU2+ SPSA OFF TX WU2+ SPSA ON

.A 6.90 D 6.10 .A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00 A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00

Radar Altimeter MODE Decoding Key and percentage of occurences per mode & passage

BITE+ MWS ON PAUSE FLIGHT CALIB OCEAN ACQ/TR ICE ACQ/TRA

A 0.00 D 0.00 A 0.00 D 0.00 .A 0.00 D 0.00 .A 68.7 D 69.4 A 29.4D 297

STBY+ USO ON WARM UP Q WU1T+ SPSA OFF WU1+ SPSA ON WU2+ SPSA OFF WU2+ SPSA ON BITE+ MWS OFF
A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00
TX BITE+ MWS OFF TX BITE+ MWS ON TX PAUSE TX FLIGHT CALIB TX OCEAN ACQ/TR TX ICE ACQ/TRA STBY+ USO OFF

.A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00 .A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 .A 0.00 D 0.00

TX STBY+ USO OFF TX STBY+ USO ON TX WARM UP 0 TX WU1+ SPSA OFF TX WU1+ SPSA ON TX WU2+ SPSA OFF TX WU2+ SPSA ON

A 1.90 D 0.80 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00 A 0.00 D 0.00
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3.3 IF Filter Shape

Within the microwave section of the receiver, the Intermediate Frequency filter plays a very im-
portant role. After being deramped and downconverted to intermediate frequency, the return sig-
nal is filtered in order to remove spurious components. The IF filter is made using a SAW device
and has a bandwidth of 3.2 MHz. The characteristics of this filter have a very critical role since
they can introduce distortions in the signal, which affect the waveform shape as it is seen within
the filter bank. It is easy to understand that, since the retrieval of the geophysical parameters is
based on the waveform shape, especially in case of application of retracking algorithms; the
waveform should not be distorted by instrumental effects. In any case, the distortions on the sig-
nal, due to instrumental effects such as the IF filtering, have to be known and corrected. The im-
pulse response of the filter has been retrieved making use of the Scanning Point Target Response
calibration data in ice mode. This operation mode allows to perform a sort of sampling of the IF
filter shape in the frequency domain. Using a spline function a more smoothed shape can be re-
constructed in order to evaluate the filter attenuation on the signal for any position within the filter
bank.

The first picture reported hereafter give a vision of the IF Filter Shape behaviour respectively for
cycle 57 and 58.

* The IF Filter Shape reported in the lowest panel of either picture is the filter impulse response
power spectum normalised to the average integrated power in the filters range 30 to 59. The
middle panel represents the difference between the IF Filter Shape of the current cycle respect
that evaluated on the'sof May 1995 (reference shape); the diamond represents the mean dif-
ference over the cycle for each of the 64 FFT samples while the bar is ranging from the mini-
mum to the maximum in the cycle. The highest panel shows the IF Filter Shape difference with
the reference shape averaged over all the 64 FFT samples (also here the each bar is ranging
from the minimum to the maximum over each filter) in function of time.

* Inthe lowest panel it is easy to notice that the normalised power values for FFT samples 30 to
33 have a big variations over the cycles and on the middle panel those samples show the big-
gest differences respect to the reference. What is estimated over those samples is not the real IF
filter behaviour but it is caused by another instrumental effect (probably A/D conversion and
DC offset) acting over the PTR pulses used in the retrieving process.

* What is evident is that the changes of the IF Filter Shape with reference to the beginning of the
mission are, in average, limited to ca. 0.035 dBs being the biggest variations relative to the first
part of the filter bank (low filter numbers). This fact should insures that those shape variations
have a low impact on the Radar Altimeter performances since the waveform samples related to
the low number filters assume usually values close to zero. Anyway the different behaviour of
the low and high filter numbers, which causes a variation of the filter shape slope, has been
demonstrated to affect the instrument performance.

* The anomaly occurred on thd&df October did not have a noticeable impact on the IF Filter
behaviour. The average difference over the whole filter bank in comparison to the beginning of
the mission remains at about 0.035 dBs also after the recovery of the instrument of'tbie 10
October. Of course due to the anomaly, no data were available for the IF Filter Shape computa-
tion on October the, the 8" and the 99'/
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The two pages reported afterwards document trends of the IF filter characteristics difference re-
spect to the reference, for each of the 64 FFT samples averages over cycles have been calculated.

» The same observations can be made as for the cycle results: differences over samples 30 to 33
have been always quite big (being the values related to filters 31 and 32 even outside our plot-
ted range for a significant time span). The low filter number samples show the biggest differ-
ences which increase with time while the smaller differences related to the high filter number
samples tend to slightly diminish with time. This effect causes the variation of the IF Filter
shape slope which has been shown to have an impact on the off-nadir pointing value (ref. par.
3.4). More generally, the IF Filter shape is affecting the received echo shape within the filter
bank. For this reason it has an influence on all the RA retrieved parameters (e.g. Range,
Sigma_0 and Significant Wave Height) being their evaluation based on the received waveform
profile. Investigations are on going in order to assess the impact of the IF Filter shape variations
on the RA retrieved geophysical parameters.
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3.4 Off-Nadir Pointing

The Radar Altimeter is a nadir looking instrument. This means that the bore-sight of its antenna
pattern has to be perpendicular to the scene the Radar Altimeter looks at. Any variation of the
pointing angle (mispointing) degrades the measurements introducing errors on the three most im-
portant geophysical parameters derived from the raw data. For this reason the mispointing angle
has to be monitored in order to characterize its behaviour and eventually to evaluate a correction
to be applied to the Radar Altimeter measurements.

Furthermore during cycles 50 a special event occurred referring to the scheme with which the
ERS-2 satellite attitude is maintained. On th& af February 2000 a new software has been up-
loaded in order to pilote the satellite with only one gyroscope while before the piloting has always
been performed with three of them. After a commissioning period of two weeks, the attitude of
the ERS-2 platform is operationally maintained with one gyro. Since the change in attitude con-
trol could have affected the pointing performances of the Radar Altimeter, a tool was developed
which allows to keep under control the mispointing behaviour.

3.4.1 Method Description

The off-nadir pointing of the radar Altimeter has an impact on the shape of the averaged returned
waveform in the filter bank. Hereafter the method will be described which has been used to re-
trieve the mispointing information from those echo waveforms and then to evaluate the mispoint-
ing trend from the Radar Altimeter raw data.

The theoretical shape of the return waveform can be described, for small pointing error  respect
to the nadir direction, by the following formula. This when the echo has already been corrected
for the antenna effects and when some approximations, valid for §mall , have been performed.
fort<O

O 0t [
P(t) = LOL + erf(3——=[TJ
0 B .+/20

fort>0

_, 0 0 ¢ 2 [cet, [ f
P(t)—LEJL+erfE+%—ﬁ£1+B/ HZED}

In order to put this in relation with the waveform representation in the filter bank (frequency do-
main) the time variabléhas to be related to the FFT filter numbers. A FFT samplepresents a

time instantt, as: t, = (n—32)t. ; wheret; is the time delay corresponding to one FFT unit:
3.012 ns for ERS-2 depending on the chirp slope. The factor L is regulated by the Automatic Gain
Control in order to have a predetermined average power valyjeTRe factore takes into ac-

count the non spherical earth; depends on the 3dBs antenna apertwrg and s a composite pa-
rameter taking into account the point target response -3dBs width and the rms height of the
backscattering points.

Considering the two equations previously reported it is possible to notice that: the mispointing
value¢ has influence on the echo waveforms only for positive values of the time var&aidet

Cesa,,..

26



ESRIN DATA HANDLING DIVISION APP-ADQ

has effect on the slope of the trailing edge of the echo shape which is proporticﬁﬁzal to .Thisal-
lows the mispointing squared to be calculated using the following formula:

slope 2
2L V"

16cet

3.4.2 Data Processing Description

The Radar Altimeter raw data contain information over the echo waveforms in the frequency do-
main with a frequency of 1/20 Hz. They have been processed and corrected in such a way that the
waveforms obtained from them could be assimilated to the theoretical ones described in the previ-
ous paragraph. Only data over ocean have been selected. For every data file containing several
minutes of data the processing algorithm used to assess the average mispointing value can be
summarised as hereafter reported:

» The waveform information have been extracted from the raw data; 20 waveforms per seconds
are available which have been then normalised in order to prevent errors related to the Auto-
matic Gain Control loop behaviour.

» The waveforms have been corrected for the IF Filter Shape (ref. par. 3.3). This compensate for
an instrumental effect affecting the echo waveform in reality but which is not considered in the
theoretical model used.

» The waveforms have been averaged over one second and corrected for antenna pattern effects.

» One mispointing squared value per second has been evaluated using the formula reported in the
previous paragraph. From the corrected echo shapes, the slope has been identified as the one of
the line which best fitted the samples related to FFT numbers 37 to 60.

» A sliding average with one minute window duration has been performed over the mispointing
squaredt~ time series. The mlspomtlﬁg time series has been obtained from it by mean of a
square root operation (eventlf,al negative values have been considered equal to zero).

» Assuming the mispointing squaré& distribution being gaussian (central limit theorem) and
considering that the mispointing can be defined a&s: Ez EfoEO and 0 for
22 < 0; the probability density function describing the mispointing statistics behaviour can be
represented with the following formula:

for§=0

EE

P(¢) = ———2¢exp -

«/—O' «/_0-2

m_,f
E O
0
g2 [0

for £ <0

P(€) =0

from which its mean valuenE can be derived as:
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0]
1 ¢
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wheremE2 anobEZ are respectively the mispointing squared mean and standard deviation.

» The histogram of the mispointing time series has been evaluated and fitted to the theoretical
probability density function just described. From this procedure the two valyes oand
have been retrieved with which the mispointing average \ralue has been determined.

3.4.3 Results

The off-nadir pointing analysis work has been performed on the Radar Altimeter raw data prod-
ucts disseminated in fast delivery since the beginning of the ERS-2 mission. Every three days, ten
minutes of raw, data are available three hour after sensing. They are measured over the Pacific
Ocean withinO and35 latitude north. Those data have been analysed with the method de-
scribed in par. 3.4.1 and 3.4.2 giving, as output, one mispointing value every three days for the
main part of the mission.

On the other hand, during the period betweel? E&bruary and 1% March 2000, a larger number

of data has been processed in order to keep the off-nadir pointing behaviour under control in occa-
sion of the new mono-gyro piloting software commissioning phase (ref. Cyclic Report for cycles
50 and 51, APP-ADQ/PCS/RA00-003, par. 4.6).

Two important considerations have to be made at this point:

» The Radar Altimeter waveforms undergo several corrections during the processing. They are
the antenna and the IF Filter correction which do influence a lot the outcome of the exercise. In
particular, during this study, the processing to retrieve the mispointing squared figures from the
echo shape has been found to be very sensitive to the IF Filter Shape used for the correction.
The analysis has been anyway performed using the proper IF Filter Shape, the most updated for
each measurement, in order to minimize the IF Filter Shape impact on the off-nadir pointing re-
sults (ref. par. 3.3).

» The algorithm itself is affected by an error, which is exponentially growing as the absolute mis-
pointing value decreases.

Table 2: Average and Median off-nadir pointing angle values in different configurations

Configuration Average°( ) Median ( )
Three Gyros piloting 0.0831 0.0800
(29-Apr-1995 to 3-Feb-2000) '
Mono Gyro piloting - Gyro 5 0.0892 0.0887
(18-Feb-2000 to 7-Oct-2000
Mono Gyro piloting - Gyro 6 0.0897 0.0919
(10-Oct-2000 to 24-Oct-2000
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Table 2: Average and Median off-nadir pointing angle values in different configurations

Configuration Average°( ) Median ()

Mono Gyro piloting - Gyro 1 0.0916 0.0913
(25-Oct-2000 to present)

Table 2 reports the average and median mispointing values for the different piloting configura-
tions used until present. Next to the increase of the mispointing values due to the change from the
Three Gyros scheme to the Mono-Gyro one; a very tiny further increase is noticeable when pass-
ing from Mono-Gyro piloting with Gyro 5 to mono-Gyro piloting with Gyro 1 (scheme actually in
use). The absolute number are anyway so small that the difference can be considered negligible.

From the following figure we can notice that the overall mispointing time series lies around a val-
ue of 0.085 . A very small increasing trend is evident after middle February 20000 (change of the
piloting system) and another after th® @f October 2000 when the Gyro 5 failed and the Gyro 1

was chosen to pilot the platform in nominal operations (after a very short period during which
Gyro 6 was used). The total increment, being in average lowerQih , can be anyway consid-
ered irrelevant bearing in mind the uncertainties affecting the retrieved figures. On the other hand,
because of those uncertainties, the mispointing figures during the whole mission could be consid-
ered assuming values frolh @15 . Please note that none of the values hereafter reported are
suffering from the sun blinding effect, being evaluated from data sensed over the latitude range [0,
35] deg.

Mispointing Values: data between O and 35 deg lat. north
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4.0 Products perormance

The four ESA ground stations (Gatinueau, Kiruna, Mas Palomas and Prince Albert) process
ERS-RA raw data to produce URA products and distribute them within three hours after sensing.
Before the beginning of cycle 44, the raw data received by the fourth ground station (Prince

Albert) were processed a week later at Gatineau; since tHelade 1999 a network connection

has been established between Prince Albert and Gatineau which allows also the data received in
Prince Albert to be processed and distributed in near real time. The quality of these URA
products is checked by PCS at ESA/ESRIN. (For more information on the ground stations; http://
earthl.esrin.esa.it/f/fee03.324/0xclcced4lc_0x00006d3b).

The performance of the fast delivery products is determined by mean of the following criteria:

» Availability of Data and Quality Assessment: a summary of the percentages of available/not
available products and of all the features affecting their quality during cycles 57 and 58.

» Fast Delivery Data Summary

* Instrument Mode: an overall picture of the modes the instrument worked in during cycle 57 and
58.

* Look Up Tables (LUT) Status

» Data Comparison with Forecasts: the comparison of the fast delivery data with the forecasts
performed by ECMWEF is useful to validate the URA products

4.1 URA Fast Delivery Products Short Description

Each product of the RA fast delivery data consists of:

* 1 MPH (Main Product Header): general information of the product such as sensing and gen-
eration time, the satellite position at sensing time, the ground station which acquired the prod-
uct, the software used to process the data and some quality flags.

» 1 SPH (Specific Product Header) information on the auxiliary parameters used in the
processing of the product and some quality flags.

» 77 DSRs (Data Set Recordinclude information as wind speed and significant wave height,
instrument mode, geophysical corrections and some quality flags are part of it.

Note that only the data in ocean tracking mode are processed within the on-ground processing

chain and reported in the fast delivery products.

For more information on the URA products: http://earthl.esrin.esa.it/f/eeo2.267/pgersaltura

4.2 Availability of Data and Quality Assessment

The fast delivery data (URA) are checked every day by ESRIN/PCS for quality assurance. The
summary of all the most important features affecting the quality of the data during cycle 57 is
hereafter reported.

Percentage of not available products (relative to the nominal number for a cycle): 9.32%

Percentage of blank DSRs (relative to the nominal number for a cycle): 0.230%, of which 0.146%
due to whole blank products and 0.084% due to products not totally blank.
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Table 3: Percentage of products having one of the following flags set

Flag name Percentage(%)
HDDT 2.55
FS to Processor 0.0
Checksum Analysis 0.0
Formats/Sources 0.0
Auxiliary Data 0.0
Arithmetic Fault 0.0
Processor Status 0.0
Enough Measurement 1.38

Table 4: Percentage of products having one of the following parameters outside the
respective range

Parameter Percentage(%)
Peakiness out of [1.2, 1.7] 0.26
Sigma_0 out of [0., 24.] (dB) 0.03

wind Speed out of [0., 25.] (m/s) less than 0.01
Significant Wave Height ot of [0., 12.] (m) 0.0

Note that the numbers here above (Table 4) are only relative to ocean products.
Percentage of flagged products relative to the Wet Tropospheric Correction: 1.43%

(a product is flagged if it contains more than 10 DSRs which all have the default value for the Wet
Tropospheric correction instead of a value derived from the MWR measurements).

The fast delivery data performance during cycle 57 was reasonably satisfying. The value close to
10 percent for the missing products was due to the occurrence of an instrument anomaly in the pe-
riod 7-10 October 2000 (ref. par. 3.3.2) and to acquisition problems occurred between 10:10 and
10:50 on the 28 of September.

The value of about 1.5 percent, characterising the Wet Tropospheric Correction Default Values
during this cycle, is not negligible. It was mostly due to some acquisition problems occurred on

the 26" of September and to the fact that the Gyro 5 failure related anomaly lasted almost one day
longer for the MWR than for the RA (ref. par. 3.3.2).

The following figure reports the global distribution of flagged parameters detected in the URA
products for cycle 57.
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ERS-2 URA Products Summary, Cycle 57
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The fast delivery data (URA) are checked every day by ESRIN/PCS for quality assurance. The
summary of all the most important features affecting the quality of the data during cycle 58 is
hereafter reported.

Percentage of not available products (relative to the nominal number for a cycle): 0.24%

Percentage of blank DSRs (relative to the nominal number for a cycle): 0.089%, of which 0.035%
due to whole blank products and 0.054% due to products not totally blank.

Table 5: Percentage of products having one of the following flags set

Flag name Percentage(%)
HDDT 0.69
FS to Processor 0.0
Checksum Analysis 0.0
Formats/Sources 0.0
Auxiliary Data 0.0
Arithmetic Fault 0.0
Processor Status 0.0
Enough Measurement 1.56

Table 6: Percentage of products having one of the following parameters outside the
respective range

Parameter Percentage(%)
Peakiness out of [1.2, 1.7] 0.17
Sigma_0 out of [0., 24.] (dB) 0.06
Wind Speed out of [0., 25.] (m/s) 0.0
Significant Wave Height ot of [0., 12.] (m) 0.01

Note that the numbers here above (Table 6) are only relative to ocean products.
Percentage of flagged products relative to the Wet Tropospheric Correction: 0.055%

(a product is flagged if it contains more than 10 DSRs which all have the default value for the Wet
Tropospheric correction instead of a value derived from the MWR measurements).

The fast delivery data performance during cycle 58 was very good.

The following figure reports the global distribution of flagged parameters detected in the URA
products for cycle 58.
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ERS-2 URA Products Summary, Cycle 58
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In relation to the previous URA Products Summary pictures for cycle 57 and 58, here the descrip-
tion of flags meaning:

IF Gap: not nominal gap, between two files (Inter-file Gap)
Gap: nominal gap (due to descoping)

Groundtrack : no flagged products, everything is nominal
Wet Tr.: problem with the Wet Tropospheric correction

Version: problem with the Meteo Table version (auxiliary parameter used for the processing, giv-
ing the meteorological forecast)

Meteo: problem with the Meteo Table number (auxiliary parameter used for the processing, giv-
ing the meteorological forecast)

Blank: blank product, nominal (due to descoping)

Blank DSR: product with more than 5 blank DSRs over ocean, nominal (due to descoping)
Mode: not nominal instrument mode

Wspeed problem with the Wind Speed (value out of [0., 25.] (m/s))

WHeight: problem with the Significant Wave Height (value out of [0., 12.] (m))
Peaki. problem with the Significant Wave Height (value out of [1.2, 1.7])
SigmaQ problem with the Significant Wave Height (value out of [0., 24.] (dB))
Blank: blank product

Blank DSR: product with more than 5 blank DSRs over ocean

MPH: Main Product Header flag set

SPH: Specific Product Header flag set

DSR: Data Set Record flag set

File: Missing File

Missprd: Missing Product, product counter not consecutive

Acq: problem with acquisition, gap within one file

Overlap: product overlapping with another one

Duplic: duplicated product
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4.3 Fast Delivery Data Summary

From the fast delivery data arriving every day at ESRIN/PCS, the relevant parameters are extract-
ed on a daily basis. For every parameter all the information relative to every cycle have been aver-
aged on a geographical basis over pixels of 1 deg latitude per 1 deg longitude. They are reported
in the following pictures, giving a global overview of the Radar Altimeter data for cycles 57 and
58.

URA Average Wind Speed (m/s) color scale
FRS—2 RADAR ALTIMETER/CYCLE 57
From 25—SEP—-2000 to 30-0CT—2000
Absolute orbit: 28412 to 28912

URA Average Wind Speed (m/s) color scale

FRS—2 RADAR ALTIMETER/CYCLE 58 >
From 30-0CT—2000 to 04—DEC—-2000
Absolute orbit: 28913 to 29413 . . e L

'“.n—
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Worthwhile to notice in the first plot the Wind Speed values over the polar regions. Those value,
both for cycle 57 and 58, are quite often identically equal to zero; they correspond to sigma_0 val-
ues higher than 20 dBs for which the wind speed retrieval algorithm used for the fast delivery
URA data gets saturated.

URA Average Sigma 0O (dB) color scale
FRS—2 RADAR ALTIMETER/CYCLE 57
From 25—SEP—-2000 to 30-0CT—2000
Absolute orbit: 28412 to 28912

URA Average Sigma O (dB) color scale

FRS—2 RADAR ALTIMETER/CYCLE 58 <_

From 30—-0CT—2000 to 04—-DEC—-2000
Absolute orbit: 28913 to 29413 o 0s
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URA Average Peakiness color scale

FRS—2 RADAR ALTIMETER/CYCLE 57 < >
From 25-SEP—-2000 to 30-0CT-2000
Absolute orbit: 28412 to 28912 S

1.1 1.2 1.3 1. 1.5 1.6 1.7 1.

8

4

URA Average Peakiness

FRS—2 RADAR ALTIMETER/CYCLE 58
From 30-0CT—-2000 to 04—DEC—2000
Absolute orbit: 28913 to 29413

The Peakiness, being related to the peakedness of the returned echo waveforms, represents a valu-
able quality parameter for the raw data. Over Ocean areas you expect smooth waveforms (ref. par.
3.4) while over Ice area the expected shape is more peaky. For ocean-like waveforms the peaki-
ness should be in the range [1.2, 1.7]; in case higher peakiness values over ocean surfaces would
be recorded, this would be index of an anomalous received signal.
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URA Average Significant Wave Height (m) color scale
FRS—2 RADAR ALT\METER/CYCLE 57
From 25-SEP—-2000 to 30-0CT—-2000
Absolute orbit: 28412 to 28912

URA Average Significant Wave Height (m) olor scale

FRS—2 RADAR ALTIMETER/CYCLE 58 >
From 30-0CT-2000 to 04—-DEC—-2000
Absolute orbit: 28913 to 29413 o0 . 10

Together with the Wind Speed mentioned before, also the Wet Tropospheric correction values
over the polar regions deserve a comment: the high values are not a consequence of the geophysi-
cal conditions in those areas; they are due the fact that the algorithm used to retrieve the correction
from the brightness temperatures gives valid results only over ocean areas.
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URA wet troposph. corr. (m)

FRS—2 RADAR ALTIMETER/CYCLE 57
From 25—SEP—-2000 to 30-0CT—2000
Absolute orbit: 28412 to 28912

URA wet troposph. corr. (m)

FRS—2 RADAR ALTIMETER/CYCLE 58
From 30-0CT—2000 to 04—DEC—-2000
Absolute orbit: 283913 to 29413

color scale

0.0 0.3 0.6 Q0.9
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4.4 Instrument Mode

During nominal operations the Radar Altimeter works alternatively in Ocean and Ice Modes. The
two modes differ basically on the resolution of the altimetric range measurements and on the ca-
pability to maintain the “lock” with the backscattered echo. In Ocean Mode the resolution is high-
er but the instrument can easily loose the tracking when flying over surfaces characterised by high
slope variations. On the other hand in Ice Mode the resolution is lower but the instrument suc-
ceeds in keeping the tracking also when flying over very steep terrains. The switch from Ocean to
Ice Mode and vice-versa is not performed automatically by the instrument, but it is commanded
following the water/ground borders indicated by the Ice/Ocean mask. Within both the Ice and
Ocean Modes, two sub-modes can be distinguished: Tracking and Acquisition Modes, which have
been already mentioned in the paragraph dedicated to the Instrument Performances.

The following maps report a summary of the four principal operative working modes during cy-
cles 57 and 58.

30 70 10 150 190 230 270 310 350 390 30 70 110 150 190 230 270 310 350 390

URA Acquisition on Ocean URA Acquisition on Ice

ERS—2 RADAR ALTIMETER/CYCLE 57 ERS—2 RADAR ALTIMETER/CYCLE 57
From 25-SEP-2000 to 30-0CT-2000 From 25-SEP-2000 to 30-0CT-2000
Absolute orbit: 28412 to 28912 Absolute orbit: 28412 to 28912

30 70 10 150 190 230 270 310 350 390

URA Tracking on Oceon URA Trocking on Ice

ERS—2 RADAR ALTIMETER/CYCLE 57 ERS—2 RADAR ALTIMETER/CYCLE 57
From 25-SEP-2000 to 30-0CT-2000 From 25-SEP-2000 to 30-0CT-2000
Absolute orbit: 28412 to 28912 Absolute orbit: 28412 to 28912
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URA Acquisition on Ocean URA Acquisition on Ice

ERS—2 RADAR ALTIMETER/CYCLE 58 ERS—2 RADAR ALTIMETER/CYCLE 58
From 30-0CT-2000 to 04-DEC-2000 From 30-0CT-2000 to 04-DEC-2000Q
Absolute orbit: 28913 to 29413 Absolute orbit: 28913 to 29413

URA Tracking on Ocean URA Tracking on Ice

ERS—2 RADAR ALTIMETER/CYCLE 58 ERS—2 RADAR ALTIMETER/CYCLE 58
From 30-0CT-2000 to 04-DEC-2000 From 30-0CT-2000 to 04-DEC-2000
Absolute orbit: 28913 to 29413 Absolute orbit: 28913 to 29413

The following two pictures report a global view of the modes the Radar Altimeter was
operationally working in, during respectively cycle 57 and cycle 58.
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ERS-2 Radar Altimeter: Working modes, Cycle 57
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ERS-2 Radar Altimeter: Working modes, Cycle 58
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The descoping strategy can be seen from to the clusters of blank products (yellow). (For more
information on the descoping strategy: http://earthl.esrin.esa.it/f/feeo4.42/oppla)

The SPTR/PTN calibration strategy performed over central Asia is easily discernible. The
Instrument works permanently first in Ocean Tracking and then in Ice Tracking Mode, due to the
presetting mode used during the calibration. The data in SPTR Ice Mode measured during this
campaign are used to evaluate the IF Filter Shape presented in par. 3.3.

The area covered by the SPTR/PTN campaign, starting from cycle 43, has been and will be in
the future bigger than before. This because, from cycle 43 on, the campaign has been and will be
performed in the future every day instead of every three days as it was previously planned. The
decision of performing the calibration campaign more often has been taken in order to minimize
the probability to have periods between two anomalies without any SPTR measurement. Being
the SPTR measurements affected by quasi-random abrupt changes in case of instrument
anomalies, the situation of having two subsequent anomalies without any SPTR calibration
campaign will cause the impossibility to produce a completely trustable SPTR calibration
correction for the altimetric range values recorded during that period. A solution to this problem
had been proposed by Richard Francis and Monica Roca in early 1996, but it has been not yet
operationally implemented due to difficulties in the operational retrieval of several parameters
useful for the algorithm execution.

The mountainous structures can be noticed in relation to the dark green signs representing Ice
Acquisition mode. Of course this is due to the loose of lock caused by the steep ground
morphology in those zones.

In comparison to previous cycles up to cycle 40, the Ice/Ocean discrimination follows much
better the shape of the continents. From cycle 41 a new Ocean/lce mask have been used
operationally. The improvements are related to the shape of the land (see South America, North
Europe and Africa) and to the shape of the ice caps in Antarctica and in Greenland. (For more
information http://earthl.esrin.esa.it/f/eeo4.39/RA-Altimeter).
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4.5 Look Up Tables Status

The Look Up Tables (LUT) contain auxiliary parameters used in the on-ground processing. Those
parameters need, from time to time, to be updated. In those cases, new versions of the tables con-
taining the parameters have to be produced and loaded in memory at the ground stations. During
the period covering cycles 57 and 58 no change on the look Up Tables was implemented.

Radar altimeter LUT Summary

ID |LUT Name Version
70 | STATIC 13004
71 | DYNAMIC 13003
72 |TAU_G_REF 10006
73 | TAB_TAU_1 10001
74 | TAB_TAU_2 10001
76 |SIG_G_REF 10001
77 |TAB_S 10001
79 |AGC_G_REF 13005
81 |TAB_A2 10001
82 |TAB_LOC 10001

LUT SUMMARY
ERS—2 RADAR ALTIMETER/CYCLE 57

From 25—SEP—2000 to 30—-OCT—2000

Radar altimeter LUT Summary

ID |LUT Name Version
70 |STATIC 13004
71 | DYNAMIC 13003
72 |TAU_G_REF 10006
73 | TAB_TAU_1 10001
74 | TAB_TAU_2 10001
76 |SIG_G_REF 10001
77 |TAB_S 10001
79 |AGC_G_REF 13005
81 |TAB_AZ 10001
82 |TAB_LOC 10001

LUT SUMMARY
ERS—2 RADAR ALTIMETER/CYCLE 58

From 30—-0CT—2000 to 04—DEC—2000
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4.6 Special Events

During cycle 57 one special event influenced the products performance:

« On the " of October 2000 a critical failure of Gyro 5 occurred. This was correlated in time to
an anomaly which affected the whole payload. The Radar Altimeter stopped producing valid
data at 17:30:33

» Gyro 6 was selected to overtake the work of piloting the ERS-2 platform during nominal oper-
ations. The Radar Altimeter started again to produce valid data on fHeofl@ctober at
16:40:33.

» After having verified that the Gyro 6 performance was stable, it was decided to replace it with
Gyro 1 during nominal operations. On the'®df October at about 16:00 the platform was set
in Fine Pointing Mode (pointing performance not controlled) until thé 26 about 12:00.
Since then Gyro 1 pilotes the platform in nominal operations (Yaw Steering Mode).

During cycle 58 one special event influenced the products performance:

« On the 29 of November 2000 the satellite was piloted in Fine Pointing Mode (less accurate
than the nominal Yaw Steering Mode) from 10:28:00 to 17:08:00.

4.7 Data Comparison with forecasts

Extracted from the ECMWF report on ERS-2 RA for October and November 2000 we can report
the following results related to the comparison between the ERS-2 measured parameters and the
ones evaluated at the ECMWF (For more information: ecmwf alt oct00.pdf and
ecmwf_alt_nov00.pdf):

For October 2000:

Wind Speed Comparison between the ECMWF and the ERS-2 RA wind speeds (bias):
* Global: 0.150 m/s

* Northern Hemisphere: 0.119m/s

» Tropics: 0.014 m/s

» Southern Hemisphere: 0.272 m/s

Significant Wave Height Comparison between the ECMWF and the ERS-2 RA significant wave
heights (bias):

* Global: 0.014 m

* Northern Hemisphere: 0.105 m

» Tropics: -0.042 m

» Southern Hemisphere: -0.004 m

For November 2000:

Wind Speed Comparison between the ECMWF and the ERS-2 RA wind speeds (bias):
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* Global: 0.091 m/s
* Northern Hemisphere: 0.346m/s
» Tropics: 0.012 m/s
» Southern Hemisphere: -1.05 m/s

Significant Wave Height Comparison between the ECMWF and the ERS-2 RA significant wave
heights (bias):

* Global: -0.010 m

* Northern Hemisphere: 0.104 m
e Tropics: -0.066 m

» Southern Hemisphere: -0.039 m
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