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/ Cyclic Activities \

» Monthly, per cycle,
cadence.

> Internal Evaluation.

» Comparison to satellite
datasets and products.
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Workflow for cyclic performance report

Cyclic validation report LAND ICE

Daily Monthly (cyclic)
(Processing time < 2h) (Processing time < 12h)

In summar
y At the end of a Sentinel-3B cycle
Each day the STC and NTC products :
. the most reason cycles of Sentinel-
8 are pull to a local repository 3A and Sentinel-3B | q
Geophysical corrections are monitored for an en‘Flne b arecva uate
Greenland/Antarctica ice sheets and 12 for and diagnostic saved

Antarctic ice shelves

)
Geophysical parameters derived from
altimetry monitored for two retrackers

2
Auxiliary parameters are monitored

Ice sheet wide All diagnostics from the Findings are reported in the

Crossover stability are monitored for each processing chain are cyclic performance report.

retracker [Wominat ] evaluated and qualit Final report are uploaded to
:
SIE ey SRaE D quality MPC-SharePoint and

Nominal performances in the altimeter-derived geophysical
checked reported on JIRA

The UCL ice sheet retracker enables fewer cross-overs to be evaluated
than for the 0COG/ICE-1 retracker (Antarctica 70 3%, Greenland 46 5).
This is nominal in relation to the previous cyclic report.

For cross-overs less than 1 meter show a mean bias of 1 cm and

glandendevistion S35 e Eventual issues are reported via JIRA

e
on this cycle
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Cyclic validation report
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In summary

8
Geophysical corrections are monitored for
Greenland/Antarctica ice sheets and 12 for
Antarctic ice shelves

5
Geophysical parameters derived from
altimetry monitored for two retrackers

2
Auxiliary parameters are monitored

elevation_o

Ice sheet wide Sentinel 34 - Cycle 085 Sontinel 4. Cyele08s, ntarctica,rossovers sats
ku_X¢

Crossover stability are monitored for each
retracker

&0
Figure 5.4 Percentage of failure over Antarctica from the elevation_ice_sheet_20_ku parameater
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/In Depth Analyses \

> Annual cadence.

> External validation against
airborne & in situ data.

» Benchmarking against
other satellite products.

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l



Land.lce ESL — Validation sites e
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- > Cover both ice sheets.

s |

LY
[i:d

S Range of topographri;t’& climatological settings.

> Include established long-term validation sites.

B e
-

> Synergy With other projects and missions.
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In-depth studies of the S3A elevation ice sheet retracker

i = T ——— . . ' .
' elevation's observations across
i : — 3530
f. § the central areas of lake Vostok.
» Focusing on orbit 139 in
NT cycle 54-87 302
E
5
(;53520
L%)
3515
3510
-77.2 -77.0 -76.8 -76.6 -76.4
Latitude

054 085 056 057 0S8 059 06D 061 062 063 064 065 066 067 0GB 069 O7D O71 072 073 O74 076 O76 077 078 079 080 OBY 082 083 084 085 086 087
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In-depth studies of the

S3A elevation ice sheet retracker

76°S I_ # e = 1 H 1.0 4——— Elevation residuals along the track for successive orbit cycles
A amnnef|  €l€Vation's observations across I = |7
TFTAY the central areas of lake Vostok. Lo Mol Gt Bendls <5 |- |
, i i, [ R '“”W’“‘%%mf W = =i
- = = 05- ¥ = | ms
» Focusing on orbit139in {0 ""’"”H “
NT cycle 54-87 1‘11 f ""“ ﬂ
_ 0.0 “M\ ‘;‘1 ‘H“ |‘l‘|| l’ H'H ‘
. . . . £ i e
> Filtering noise by removing < x’ ‘ m. (“l‘ ' I
the average elevation g i »r ', |
W s {1 “ \
> Spread in the observations "
measurements is | |
combination: ‘ |
78°S
> Weather » |
> Retracker stability T Latide e e
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In-depth studies of the S3A elevation OCOG retracker

.. - w0 T E———— . 1 - 1.0
A amnnef|  €l€Vation's observations across
vl a1 1 the central areas of lake Vostok.
0.5 4
» Focusing on orbit 139 in W /;"
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» Spread in the observations
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combination:
> Weather »
> Retracker stability T Latiude e e
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Europo’s oyes on Earth

Land ice
elevation

e B A ——
76°S ! —
+S3A tracks
MAD 25 s Lake Vostok 10km buffer 0 R
S3A b ~ 71 S3A
Num. obs: 271 ¥ & e] Num. obs: 271
Median:  0.004 b A : Median:  0.007
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Land ice
elevation

MAD

9.1cm 11.3cm 12 cm 34.5cm

5.4 cm 5.3cm 4 cm 17.5cm

11.3cm 10.7 cm 10 cm 5.3¢cm 5.4cm 7 cm

12 cm 10 cm 0.15cm 4 cm 7 cm 0.15cm

Histogram of elevation differences over lake Vostok (S3A - 152)
8-

34.5cm i

7-

Histogram of elevation differences over lake Vostok (S3A - 152)
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A Test Data Set was generated with the upcoming Land Ice Thematic IPF

» Covering cycle 54 of the Sentinel-3A mission (from January 15th, 2020, to February 11st, 2020)

» Compared to the current IPF, the Land Ice T-IPF includes the extended window processing,
and a new slope model for the POCA relocation

- Sentinel-3 waveforms along the track, current ESA LAND products

100 \

75 | |‘ J

50

range gate

25

72 -71 -70 -69 -68 -67 ‘ \
latitude l = l
= Sentinel-3 waveforms along the track, upcoming ESA LAND ICE thematic products / \
A »
a 3
3 100 “
<
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o) |
] ] ] E Existing S3A Land Product
Improvement in coverage due to the extended window processing, .|
especially around the coastal margin where topography is more complex. =
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"Cyclic report" for the TDS S3A 054 - Cross-overs Greenland

Sentinel 3A - Cycle 054 Sentinel 3A - Cycle 054
elevation_ocog_20_ku_XO_dh elevation_ocog_20_ku_XO_dh

|
| Sentinel-3A_Cycle054_Greenland_crossovers_stats

Sentinel-3A Cycle054 Greenland crossovers stats

BN elevation_ocog 20 _ku

TDS mm elevation_ice_sheet_20_ku
B elevation_ocog_20_ku
Z 600 7 mm elevation_ice_sheet_20_ku
c I
=l
S 400 -
“
o
1~
2
£ 200
3
= / e I
T T T T T T T
0 - —— = | 7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0

-10.0 —7.5 -5.0 —2.5 0.0 2.5 5.0 7.5 10.0
Crossover diffence Im1

UCL ice sheet 0CoG
retracker retracker

Crossover diffence Im1

UCL ice sheet 0CoG
retracker retracker

Total number

Total number a1 - — g i v il W Observation [#] 2701.0 6004.0
opsa umber 3181.0 6800.0 5 elevation_ocog_20_ku_XO_dh| elevation_ocog_20_ku_XO_dh! 0007 0.006
Median [m . .
Median [m] 00 RS EIN R = — ) NN T — ) o
a Std [m] 169.398 81377
Std [m] 146.485 116.82 _2 0 2 _2
Observ. [%]
Observ. (%] T T CEAEE e 87.079 52.049
Median [m] Median [m]
(dh=1m) 0.006 0.004 et 0.005 0.002
Std [m]
(dh=1m) V2R 0.326 T =d [n'ﬂ 0.292 0.348
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Comparison to nearly co-located ICESAt-2 ATL0O6 vO0O5 measurements
Search radius = 50 m & maximum time span = 46 days

Quality controls performed on S3 data (elevation from ICE-1 RTK)
Sigma-0 > -12 dB, Relocation distance < 15km, waveform_qual_ice_20_ku == 0 | waveform_qual_ice_20_ku ==

Latitude > -78°, to limit the oversampling of areas close to the poles

Elevation differences > 100m not included in the statistics

. Median absolute deviation of elevation differences as a function surface slope FORMISKION. 6f S0 6cate Mexsurenians
- per m box
—e— Current Sentinel-3 ESA LAND products o B =
"E"' 10 —e— Upcoming Sentinel-3 ESA LAND ICE thematic products - 50000 : >4
c
2
T g - 40000 ¢
> 2
3 5
- =
8 6 30000 3
5 )
° =3
v c
8, 20000 g
c
2
T . - 10000
=
0- [ 1 1 ' r0
0.0 0.2 0.4 0.6 0.8 1.0
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Surface slope (deg)
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1 - Missing measurements: When the on-board tracker of the altimeter loose the
signal, and shifts from “measurement” to "“acquisition " mode to recover it (no

measurements in the products)

2 — Very low SNR: When the Sigma-0 is estimated below -12 dB (a rough estimation
based on WF max. amplitude value, to estimate the SNR on all available measurements)

3 - Invalid waveforms: When the waveforms is flagged not valid by the dedicated flag
available in the product ("*waveform_qual_ice_20_ku")

3 - Invalid

1 - Missing data 2 - Very low SNR
waveforms

Current LAND 3.22% 6.33%

products

Upcoming land 2.47%
ice thematic 1.62% 2.05%

products
20
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Upcoming land ice thematic products

Ratio of “"bad quality” or "missing” measurements per 50 km box

LAND ICE Thematic Current LAND Difference of the two
products products maps
P t f missing/bad lity dat P t f missing/bad lity dat
ercentage open:lg(sjlrlzg‘/ bam(qua ity data ercentage oper?l;(s)"I:?n/ bam(qua ity data Difference

-20 -15 -10 -5 0 5 10 15 20
Percentage of missing/bad data (%)

6 2I0 40 6I0 8‘0 160 0 2I0 4:0 GKO 8I0 160
Percentage of missing/bad data (%) Percentage of missing/bad data (%)
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Ratio of “bad quallty" or “mlssmg" measurements per 50 km box
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Current evolutions listed in the roadmap over land ice

Maturity Priority
Title
(High/Medium/Low) High/Medium/Low
B Dedicated ice sheet/ice shelves flag High High
New DEM information (slope, elevation...) High High
3 Waveform Classification using Neural Medium High
Network
Improvement of the measurement location : :
2t POCA Medium High
Tunning of SigmaO for all retrackers High Medium
B Doppler processing in exact beam forming High Medium
7 Waveform shape pgrameters from Medium Low
retracking
- Use of MNT for Doppler processing I Low
focussing
9 | Other parameters Low Low

24
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/ Error Budget \

Uncertainty assessment and
documentation via an ‘Error
Budget table’.

» Characterisation according
to surface type.

» Reviewed and updated
annually.

/\
/
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Source

Snow

Penetration 50 50 cm 10 1 Year
Asymmetry 50 50 cm 100 1 Year
Re-tracker 25 cm 1

Radar Speckle 20 20 cm 1

Terrain

gradient 5 cm 1 1 Year
Satellite

position 1,5 cm 20000 12 Hour
Ice shelf tides 20 1 cm 300 12 Hour
Dry troposphere 230 0,5 cm 1000 1 Day
Wet

troposphere 50 0,5 cm 100 3 Hour
Ionosphere 20 0,3 cm 1000 3 Hour
Datation errors 0,25 cm 1 Year
GIA errors 1 0,1 cm/yr 2000 >100 Year
Range bias 100 0,1 cm 1 Year

Error sources as identified for CryoSat-2 within the CryoVal-LI project.
M indicates the expected magnitude of the effect prior to correction (if relevant)
Rms the standard deviation after a correction method is applied
U1 shows the units that apply to M and rms.
CD is the expected spatial scale in kilometer associated with this effect
CT is the expected time scale, with unit U2 w0 oz

0.4 0.6 0.8 10
Surface slope (deg) 26
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Thank you, for your attention!

Sentinel-3

Mission Performance Cluster °
of Surface Topography Mission

078/059
202

Since cycles 078/059, the cyclic validation of Land Ice and Sea Ice is reported in two separated
documents. For Land Ice, the SR_2_L AN Level 2 STC (Short Time Critical) products generated by the
LAND Centre are assessed. The reports focus on the data availability, global performances of the main
geophysical parameters recorded in the products (ice sheet elevation, Sigma-0...), and on any detected
changes in the data quality.

$3 Land Ice Cyclic Quality Reports
079/060 | 080/061|081/062 | 082/063 | 083/064 | 084/065 | 085/066 | 086/067 | 087/0

088/069

27
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