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RMS mean median RMSmin RMS max RMS min pointsmedian pointsmax points

OCEAN 0,018 0,087 0,056 0,118 82 151 169

OCOG 0,045 0,061 0,045 0,125 125 168 169

SAR_ADAPTIVE 0,023 0,046 0,032 0,112 117 154 160

SAR_OCOG 0,019 0,038 0,030 0,073 133 155 160

OCEAN_C 0,119 0,156 0,110 0,192 33 114 148

OCOG_C 0,124 0,123 0,095 0,158 113 155 168

NR 0,025 0,105 0,069 0,151 92 157 169

SAR_NR 0,018 0,047 0,031 0,109 122 155 160

of individual RMS per pass 20Hz
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Validating Sentinel-6B Performance at the Lake Issyk Kul Radar Altimetry Monitoring 

(Kyrgyzstan)

Central Asian activities are part of the ACROSS initiative of the Helmholtz Association and is operated under GFZ’s Global Change Observatory Central Asia.
The current project is supported by the Green Central Asia Initiative II of the German Federal Foreign Office (CAWaGREEN).

Issyk Kul Altimeter Monitoring Facility is part of the infrastructure of research field “Earth and Environment” of the German Helmholtz Association.

S6B

The permanent altimeter validation facility at Lake Issyk Kul in Kyrgyzstan provides excellent conditions for a uninterrupted monitoring. Issyk Kul is a large high-
altitude inland lake but ice-free the year around. Due to its E-W extension of ~170km all active radar altimetry missions cross this lake. Since 2016 CAIAG
(Kyrgyzstan) and GFZ Potsdam (Germany) installed five GNSS-controlled tide gauges (N, NE, S, E, W) and two remotely operated multi-parameter stations
(ROMPS), which deliver meteorological information at the western and southern Lake Issyk Kul shore.

Lake Issyk Kul has very favorite conditions. The lake surface is neither influenced by tides nor by inverse barometric effects. Seiches, which occasionally occur
during strong winds are identifiable by data of the wind sensor at the east coast and the distinct variations (120’) of the lake level. Also surge effects are small.
With two permanent GNSS sites and barometric monitoring an independent assessment of the total zenith delay is possible.

As part of the S6VT project the facility is used for monitoring Sentinel-6A (ST and NT) and Sentinel-6B (ST). The assessment is done for the HR and LR data
product. While the LR data is continuously available, the HR is missing between 19.1.-20.3.2026 due to the implemented Mode Mask.

Radar Altimetry Monitoring Facility
In 2016 the first two (of five) tide gauges
have been installed at the North & South
coast. Since 2017 several repeated ship-
based lake surveys with GNSS/radar and
a GNSS buoy profiled the lake surface
along the satellite passages. The
physical connection to the tide gauges
enables the reconstruction of the
instantaneous lake profile in the
geocentric reference system for any
altimeter passage time. Repeated or
continuously operated GNSS stations
and leveling ensures the consistency.

For our study we analyzed the 20Hz GDR
Level 2 data of Sentinel-6A & Sentinel-6B
(STC both LRM/SAR) for all passages.
Along the ground track, all valid returns
are analyzed in terms of RMS per
passage, mean RMS, and return rate.

Instantaneous comparison concept
The GNSS-profile along the satellite
track is corrected for the lake level
change between the time of the
ground survey and the time satellite
of passage using the 1’ water level
measurements at our primary tide
gauge.

For each satellite passage, the RMS is computed based on high-rate values (20Hz). For all 
time series an retracker-based offset (bias) is subtracted. For each satellite passage, the count and RMS is computed based on high-rate values (20Hz).

S6A

At the start of the cal/val period
(21.12.2025), all retracker where
centered to Zero for S6B (same
bias applied to S6A). Both
missions performing similarly in
Ku and C band data.

RMS mean median RMS min RMS max RMS min pointsmedian pointsmax points

OCEAN 0,023 0,090 0,062 0,112 72 155 169

OCOG 0,035 0,058 0,048 0,143 103 168 169

SAR_ADAPTIVE 0,021 0,041 0,034 0,107 99 156 160

SAR_OCOG 0,016 0,038 0,028 0,085 115 160 160

OCEAN_C 0,090 0,158 0,115 0,205 20 115 156

OCOG_C 0,084 0,124 0,092 0,158 88 156 168

NR 0,027 0,106 0,073 0,148 80 155 169

SAR_NR 0,018 0,042 0,033 0,110 102 157 160

of individual RMS per pass 20Hz

The first passage over Issyk Kul has been on Dec. 21, 2025, with S6B 30 seconds behind S6A.
For our analysis we assume stationary conditions for both satellites per passage.

Tropospheric Stability

To characterize the lake surface conditions, we analyze
the lake level at the western lake end (BALY_TG). This
location is serves as indicator for seiches traveling with
120minute across the lake and a water level drop caused
by wind. Neither the seiches nor the water level drop is
visible in the primary tide gauge (CHOL). Some of the
passages may have been impacted by seiches.

The ZOKA hydrometeorological and tide gauge station measures continuously GPS and air
pressure. The GPS is processed with the Wuhan PRIDE software estimating ZTD, the air
pressure for dry tropospheric correction. Combining both data sets, we estimated wet
tropospheric correction. For our comparison we extract the 20Hz GDR STC values for the dry
troposphere (at the lake altitude) and the ECMWF and radiometer wet tropospheric correction.

The dry tropo-
spheric correction
show good agree-
ment for S6A and
S6B with a small
offset (of ~2mm)
or tilt for both.

Comparing GPS-
derived wet tropo
show agreement
with ECMWF for
both satellites. The
few S6B values fall
within the range of
the S6A-NTC.

It should be noted, that due to the half-year cal/val period, the findings may change later.

Radiometer versus ECMWF wet tropo reveal
an offset & tilt, S6B with problems in lower
corrections. The S6A may have problems for
higher corrections (>-80mm). The Radio-
meter versus GPS wet tropo fits better, but
not perfect. The differences may be equally
attributed to ECMWF and radiometer wet
tropo correction.

Sentinel-6A & -6B over Lake Issyk Kul are at the Topex
ascending legacy track. For the 20Hz GDR roughly up to 170
single measurements (ø 150) are made per passage. We
compare the STC data for all retracker (both Ku and C band)
with the gap in Ku-HR (29.1.-10.3.2026).

The deviation to the mean-lake profile
in Ku is stable for all retracker, with
OCOG/LR having larger deviations.
OCOG/HR is performing best for S6B.
The (possible) drift may caused by
the instability of the tide gauge pier,
which is leveled once a year only.

S6B S6A

Left is the example for all S6B
passages for the OCOG LR und HR
retracker. Vertical scale is ±0.4m. HR
is significantly more stable. The origin
of the slight oscillation is unclear.

LR HR

RMS of the 20Hz data per
passage for S6B and S6A.
There is no correlation
between the sea state and
RMS. OCOG/HR has the
lowest and most stable
RMS.

Both satellites performing with
similar quality in terms of RMS and
return rate. HR (SAR) data
generally outperform the LR data,
with OCOG delivering the best,
Numerical (NR) and Adaptive
retracker slightly worse. In few
cases ADAPTIVE and NR retracker
fail significantly during the
passage but return to normal in
between. The degrease in
performance for the later passages
is still under investigation.

Number of 20Hz valid points
per passage for S6B and S6A.
There is no correlation with the
sea state. C-band has less
points due to the footprint size.
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Visible seiches at BALY_TG


