
 

Abstract— ESA has a long history on altimetric missions: from 
the European Remote Sensing Satellite (ERS-1), launched in 1991, 
with EnviSat launched in 2002, to the future missions of CryoSat-2 
and Sentinel-3. 

Different calibrations have been performed over these years to 
these altimeters, driven by the current scientific needs. The ERS-1 
altimeter range was absolutely calibrated over the Venice tower [1]. 
The ERS-2 altimeter was cross-calibrated against ERS-1 and 
TOPEX/Poseidon altimeters [2]. The EnviSat RA-2 was calibrated in 
absolute terms for both: its range over the Mediterranean sea with a 
regional calibration [3] and, for the first time in altimetry, its 
backcatter using an ESA transponder [4]. 

CryoSat mission will determine fluctuations in the mass of the 
Earth’s land and the marine ice fields. The primary scientific 
objectives for the CryoSat mission [5] are to improve the accuracy of 
measurements of ice sheet elevation and sea-ice thickness and thus 
enhance understanding of cryospheric dynamics. Over sea-ice this is 
to be achieved by the use of a radar altimeter with synthetic aperture 
forming capability to improve the along track resolution. In addition, 
over ice-sheet margins the direction (along and across track) of the 
leading edge of an echo is retrieved through the use of a second 
receiving antenna recording chain allowing interferometric 
capability. This new design of an altimeter also implies that new 
calibrations shall be performed. 

Its primary payload is a radar altimeter (SIRAL) that will operate 
in different modes optimised depending on the kind of surface: Low 
resolution mode (LRM), SAR mode (SAR) and SAR inteferometric 
mode (SARin).  

A transponder can be seen by a radar as a point target. 
Transponders are commonly used to calibrate absolute range from 
conventional altimeter waveforms. As a uniquely defined terrestrial 
reflection surface, a transponder is deployed within the footprint of 
the radar altimeter. The waveforms corresponding to the transponder 
distinguish themselves from the other waveforms resulting from 
natural targets in power and shape. One transponder will be available 
for the CryoSat project, that will be deployed in the ESA Svalbard 
station. 

We will be using the ESA CryoSat transponder to calibrate 
SIRAL’s absolute range, datation, angle of arrival and sigma-0. In 
these calibrations, we will retrieve the biases in two ways: using the 
stack beams, before multi-looked (calibration stack data) and using 
the single multi-looked echo (L1b data).  

During CryoSat Commissioning phase, these data will be 
retrieved during several passes over the transponder. The developed 
algorithms are currently being tested with simulated data from the 
CRYMPS simulator, generated by overflying a transponder point 
target in different geometrical and instrumental configurations. We 
will show the method, its performance, and the results obtained with 
these simulated data. 
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I. INTRODUCTION 

The purpose of a radar altimeter is the measurement of the 
two-way delay of the radar echo from the Earth's surface to a 
very high (less than a nanosecond) precision. It also measures 
the power and the shape of the reflected radar pulses. The 
radar transmits microwave pulses which propagate at a speed 
determined by the refractive index of the propagation 
medium, which is close to unity. The time elapsed, from the 
transmission of a pulse to the reception of its echo reflected 
from the Earth's surface is proportional to the satellite's 
altitude. The magnitude and shape of the echoes contain 
information on the characteristics of the surface, which caused 
the reflection. 

The first high precision space-borne altimeter instrument, 
carried on NASA’s SeaSat satellite (launched in 1968), was 
designed primarily to provide high (~10cm) accuracy 
measurements over the open ocean [6]. In addition to 
geophysical measurements over the open ocean, SeaSat also 
demonstrated the potential in providing valuable information 
on ice sheet topography and topographic change [7]. 
However, the performance over ice sheets was limited, 
primarily because the instrument was designed to operate 
assuming an ‘ocean’ type return echo, leading to frequent 
confusion on the on-board tracking system. The narrow 
recording window caused frequent data loss over the steep, 
but geophysically important, topography of the ice sheet 
margins. Despite the early demise of SeaSat the potential it 
demonstrated lead to the launch of a near identical instrument 
on the US Navy GeoSat mission [8] in 1985 which provided a 
5 year time-series of data widely used by the oceanographic 
community [9]. A significant improvement in ocean altimetry 
occurred with the launch of the TOPEX/POSEIDON mission 
in 1992 which aimed to improve the precision of open ocean 
measurement to better than 2cm. This was achieved by 
primarily 3 factors: (a) flying at a higher altitude to reduce 
atmospheric drag, (b) embarking a GPS receiver for precise 
orbit determination, and (c) by increasing the Pulse Repetition 
Frequency (PRF) of the instrument by a factor of four 
compared to previous missions, in order to increase the Signal 
to Noise Ratio[10]. TOPEX also carried a microwave 
radiometer and DORIS navigation beacon to improve 
corrections for atmospheric propagation and precise orbit 
determination. The primary objective of TOPEX is open 
ocean altimetry (covering up to 66° latitude) and the long 
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time-series has been employed to provide high resolution 
global estimates of sea surface topography and ocean 
energetics [11], and precise estimates of sea level rise [12]. 
With TOPEX/POSEIDON the performance of GPS was also 
demonstrated for orbit determination applications [10]. 

ESA’s ERS-1 mission, launched in June 1991, was the first 
high latitude (to 82°) satellite altimeter mission and included 
mapping of the ice sheets as a mission objective. To achieve 
the aim of improved mapping of ice sheet margins ERS 
included a lower resolution “ice” mode with a range window 
4 times wider than that used over the ocean [13]. The use of 
ice mode was controlled by ground command and was 
therefore a rather crude tool to improve tracking coverage. In 
addition the on-board tracking system used on ERS for the 
higher resolution “ocean” mode was designed primarily for 
open ocean operation, and therefore provided sub-optimal 
tracking over non-ocean surfaces. Despite these limitations, 
the high latitude coverage of ERS, combined with the 
development of sophisticated reprocessing algorithms, has 
permitted significant advances in the exploitation of altimeter 
measurements of surface elevation, in particular in the polar 
regions. Data from ERS have been used to provide improved 
constraints on the mass balance of Antarctica [14], and more 
recently to detect changes in ice shelf thickness [15]. 
Measurements have also been extended to ice covered oceans 
to determine Arctic sea ice thickness [16], and Arctic Ocean 
variability [17]. 

ESA planned a new mission, CryoSat, with an initial 
launch date October 2005. Unfortunately the launch failed due 
to an anomaly in the launch sequence. However, thanks to the 
common understanding of the importance and the high 
priority of this mission, ESA will launch again CryoSat-2 next 
February 2010. 

CryoSat's mission is dedicated to monitoring very precise 
changes in the elevation and thickness of polar ice sheets and 
floating sea ice over a three-year period. The observations 
made by CryoSat will determine whether or not our ice 
masses are thinning due to global warming. 

The question of whether global climate change is causing 
the polar ice caps to shrink is one of the most hotly-debated 
environmental issues we currently face. By monitoring 
precise changes in the thickness of the polar ice sheets and 
floating sea ice, the CryoSat mission aims to answer this 
question. 

ESA Also plans a series of operational satellites that will 
embark an altimeter. These are the Sentinel-3 satellites, the 
first one planned for its launch in 2012. 

The time line of ESA past, current and future altimeters is 
depicted in Figure 1. 

 

Fig.1. Time diagram of past, current and future ESA altimetry 
missions. 

 
In the following sections we briefly cover a definition of 

the ESA altimeters, their scientific mission objectives and the 
way there are or will be calibrated. 

II.  ERS-1 

A. Scientific Mission Requirements 

The ERS-1 satellite's main mission was to observe Earth, in 
particular its atmosphere and ocean. Built by ESA, it carried 
several instruments, including a radar altimeter. 

The ERS-1 applications are:  
• Ocean and Coast (Ocean Currents and 

Topography, Ocean Waves)  
• Snow and Ice (Sea Ice)  
• Land (Topography/Mapping)  
• Solid Earth (Geoid) 

Over 1-Hz ocean measurement, the performance 
specifications are:  

• Range measurement: 10 cm (1 σ, SWH = 16 m)  
• Significant wave height: 0.5 m or 10 % (1 σ) 

whichever is smaller  
• Backscatter coefficient: 0.7 dB (1 σ)  

B. Instrument 

The Radar Altimeter is a Ku-band (13.8 GHz) nadir-
pointing active microwave sensor designed to measure the 
time return echoes from ocean and ice surfaces. Functioning 
in one of two operational modes (ocean or ice) the Radar 
Altimeter provides information on significant wave height; 
surface wind speed; sea surface elevation, which relates to 
ocean currents, the surface geoid and tides; and various 
parameters over sea ice and ice sheets. 

C. Calibration 

The ERS-1 altimeter was absolutely calibrated using a 
single point: the Venice Tower. 

The calibration concept, made maximum use of existing 
European facilities, particularly the uniquely high density of 
satellite laser ranging (SLR) stations (Figure 2). 

The key elements of the method are: 
• Arranging that the satellite overflies a well-

defined, instrumented point in the open sea. 
• Measuring the sea-level (tide) at this point, 

together with all relevant environmental properties 



 

(tropospheric and ionospheric content, winds, 
waves etc) from a small fixed installation. 

• Using several SLR sites surrounding the 
comparison site, including one close to the 
satellite track. Slew-rate limitations do not prevent 
continuous tracking by any of the systems. 

• Dedicated campaigns to measure the three-
dimensional positions of all reference points, and 
the local geoid. 

• Having a high degree of redundancy in the system 
to aid error resistance. 

 

  
Fig.2. Picture of the Venice Tower (Venice, Italy), where ERS-1 

calibration took place (left) and location of the laser stations close to 
Venice used for the ERS_1 calibration 

 
The final ERS-1 estimation of the Range error was 41 cm  

(± 5 cm). 

III. ERS-2 

A. Scientific Mission requirements 

ERS-2 mission objectives were the same as the ones of 
ERS-1. 

B. Instrument 

The ERS-2 instrument is a copy of the ERS-1 altimeter 
instrument. The onboard software has been continuously 
improved during the ERS-1 life and all the changes have been 
implemented in ERS-2 as well. 

C. Calibration 

The calibration of ERS-2 however, was conceptually 
opposite to the one applied to ERS-1. The ERS-2 altimeter 
was Cross-cal with the one of ERS-1. 

Table 1 shows the contribution of the several institutes to 
the ERS-2 calibration. 

1) Elements to be calibrated 

What was calibrated in ERS-2 altimeter was: 
• Range (ocean mode and ice mode) 
• Sigma-0, wind speed 
• Significant wave height 
• Precision requirement:  
• Range: ±5 cm with 3 cycles of data 
• Operational requirements:  
• ERS-1/2 relative phasing (short: 1 day lag) 
• Cross-track distance < 200 m  (finally < 100m) 
• Ice/ocean mode strategy 

2) Methods 

The above was calibrated using 2 different methods. They 
were: 

• Global 
• Crossover 
• Repeat track analysis 
• Simultaneous solutions in orbit computation 
• Comparison with models, Buoys  (wind, wave) 
• Crossing with Topex-Poseidon for verification 

• Local: 
• Natural target (the Channel) 

 

 
Table1. This table shows the contributors to the ERS-2 altimeter 

calibration. 

 

3) Results and Conclusions 

The range bias is not significantly different from 0 (ocean 
and ice) 

• USO correction file for users 
• SPTR correction file for users 

CONTRIBUTIONS for RA and MWR-2 CAL/VAL

01 02 NP SST EE ETE CT EB OF IM WW1 WW2 IP MWR

JRCOC X

MSSL X

POL/ASTON X X X

DUT X X X X X X X

D-PAF/GFZ X X X X X X X X

CLS X X X X X X

IFREMER X

IfEN X X X

DORNIER X

ESOC X X X X X X

CETP X

ECMWF X

DNMI X



 

The sigma-0 in URA/QLOPR and OPR was adjusted (cal 
value) 

There was a (small) controversy on SWH (Buoys Vs. 
WAM)- Fine tuning of Waveheight calibration values 
possible/pending 

The calibration values estimated by the different institutes 
converged to similar values within the specified error limits  

• This shows the robustness of the calibration 
strategy 

• This provides high degree of confidence in the 
results 

Simultaneous flight of identical RA hardware on ERS-1 
and ERS-2 permitted to discover jumps (< 4 cm) between RA 
switch-offs. 

IV. ENVISAT RA-2 

EnviSat (Environmental Satellite) is the follow-on to ERS-
1 and ERS-2. Devoted to environmental studies, and climate 
change in particular, its mission is to observe Earth's 
atmosphere and surface. Built by ESA, the European Space 
Agency, EnviSat is carrying ten complementary instruments 
for observing parameters ranging from the marine geoid to 
high-resolution gaseous emissions. Among these instruments 
are a radar altimeter, and the DORIS orbitography and precise 
location system. 

Envisat's orbital period is 35 days, like ERS-2 and some of 
the ERS-1 phases. As it is integrated in new international 
climate study programmes such as GOOS and GODAE. 
EnviSat thus forms part of the coming operational era in 
oceanography, offering near-real-time data access. 

A. Mission Objectives 

The main objective of the EnviSat programme is to provide 
Europe with an enhanced capability for remote sensing 
observation of Earth from Space, with the aim of furthering 
the ability of participating states to take part in the studying 
and monitoring of the Earth and its environment. 

Its primary objectives are: 
1. to provide for continuity of the observations begun 

with the ERS satellites, including those obtained from 
radar-based observations; 

2. to enhance the ERS mission, notably the ocean and ice 
missions; 

3. to extend the range of parameters observed to enable us 
to learn more about the factors determining the 
environment; 

4. to make a significant contribution to environmental 
studies, notably in the area of atmospheric chemistry 
and ocean studies (including marine biology). 

These are coupled with two related, secondary objectives: 
1. to allow the Earth's resources to be more effectively 

monitored and managed; 
2. to improve our understanding of solid Earth processes. 
The mission is an essential element in providing long-term 

continuous data sets that are crucial for addressing 
environmental and climatological issues. It will at the same 
time further promote the gradual transfer of applications of 
remote sensing data from experimental to pre-operational and 
operational exploitation. 

EnviSat constitutes a major contribution to the effort to 
provide the data and information required to further the 
understanding, modelling, and prediction of environmental 
and climate changes. 

This mission includes both global and regional mission 
objectives with the corresponding need to provide data to 
scientific and applications users within various time scales. 

B. The Altimeter Instrument 

The Radar Altimeter 2 (RA-2) is an instrument for 
determining the two-way delay of the radar echo from the 
Earth's surface to a very high precision: less than a 
nanosecond. It also measures the power and the shape of the 
reflected radar pulses. 

It is a nadir-looking pulse-limited radar altimeter based on 
the heritage of ERS-1 RA functioning at the main nominal 
frequency of 13.575 GHz (Ku Band), which has been selected 
as a good compromise between the affordable antenna 
dimension that provides the necessary gain and the relatively 
low attenuation which experience the signals propagating 
through the troposphere. 

RA-2 is an improved version of the ERS-1 and ERS-2 
altimeters in many respects: 

• separation of on-board tracker and on-ground 
processing, allowing a very robust tracker and high 
accuracy ground processors;  

• autonomous resolution selection; 
• 3 different resolutions (instead of 2); 
• dual frequency at S-band (3.2 GHz), allowing a 

contemporary ionospheric correction; 
• almost twice the Pulse Repetition Frequency (PRF) 

compared to ERS altimeters, that allows noise 
reduction; 

• range window twice as large allowing on one side a 
larger trailing edge and on the other side an increase of 
the tracker robustness, in particular over rapidly 
changing surfaces. 

Thanks to all the above reasons, the RA-2 provides a higher 
accuracy measurements compared to the one provided by 



 

ERS-1&2, in particular over rapidly changing surfaces, like 
ice [18] and [19]. 

C. Calibration 

Need for different types of calibrations were identified, that 
implied the implementation of several calibration groups: 

• Instrument calibration and Level 1b verifications 
group 

• Absolute Calibration group (a need for an new 
absolute range calibration was identified, as well as 
first time for Sigma-0, that will provide a reference 
point for the complete altimetric time series a decade 
after the absolute calibration of ERS-1) 

• CCVT: Cross-calibration and Validation team (The 
relative calibration will unify the ERS and ENVISAT 
data.) 

1) Instrument calibration and Level 1b verification 

Very small team with the responsibility of: 
• optimising all on-board parameters, in particular those 

related to the change of resolution on-board logic; 
• verifying and optimising the Level 1b processor. 

The results were that several instrument on-board 
parameters as well as SW needed to be modified and 
optimised, as well as some Level 1b data algorithms. After 
that we achieved the required instrument and Level 1b 
performance. 

2) Absolute Range Calibration 

We performed a Regional calibration with the ultimate 
objective of retrieving maximum precision. The concept is 
depicted in Figure 3. We carried out a coordinated campaign 
using: 

• Buoys 
• Tide Gauges 
• Modelling 

We also fully equipped a permanent site for mainly long 
term monitoring purposes. 

At the end of the commissioning phase we had a 
considerable number of in-situ measurements being retrieved 
by: 

• 44 measurements of light GPS buoys (IEEC/ICM); 
• 2 moored GPS buoys (IfGN), with a total of 16 passes 

each; 
• 6 coastal tide gauges (IMEDEA, ICM, LEGOS, 

SHOM…). 
We performed a propagation of in-situ measurements 

towards the satellite tracks through geophysical models.  

 
Fig. 3. Depiction of the RA-2 Absolute Range Calibration Concept 

 
Dedicated corrections were applied to the altimeter 

estimated range (from Level 2 products) provided by several 
groups: 

• short arc orbits, by DEOS 
• atmospheric correction (with ECMWF and on-ground 

MWR), by TOS 
o bias estimation = 41 cm 
o quoted error = 6 cm 

After the Commissioning we suggested that the RA-2 was 
monitored long term with Casablanca oil platform and Eivissa 
tide gauge (installed by ESA for the specific purpose of this 
calibration). 

3) Absolute Sigma-0 Calibration 

Absolute Sigma-0 calibration had never been attempted 
before. But their scientific needs were clearly demonstrated. 

The requirement of the absolute Sigma-0 Calibration were: 
 ±0.5 dB  
 ±0.1 dB stability over  
 3 years 
A dedicated transponder was developed at ESTEC and 

deployed at every EnviSat pass during the whole period of the 
Commissioning phase.  

The results of this activity were: 
• RA-2 power bias = + 0.831 dB 
• Estimated error = 0.28 dB 

Figure 4 shows the TRP being deployed in one of the 
EnviSat passes near ESTEC, during the Commissioning 
phase. 

After this phase the Transponder was shifted to site 
identified near ESRIN for a long term monitoring purpose. 

 



 

 
Fig.4. TRP being deployed in one of the EnviSat passes near 

ESTEC, during the Commissioning phase. 
 

4) Cross-calibration and Product Validation 

The objective behind product validation was to authorise 
the distribution of validated products to all users. 

The CCVT was composed of selected PIs and Co-Is, Expert 
Support Laboratories members, Instrument Processor Facility 
specialist and ESA Staff.  

The core objectives of ESA were the following: 
• validation of RA2/MWR near real time and off-line 

products: verify algorithms, validate parameters in the 
geophysical data record and estimate their accuracy; 

• relative calibration coefficients (bias and slope) with 
error estimates against ERS-2 and other altimetric 
missions of the three main measured parameters: 
range/height, wave height and sigma0/wind; 

• calibration of MWR geophysical algorithms against in-
situ measurements of water vapour; 

• relative calibration against ERS of MWR brightness 
temperatures and water vapour; 

• long-term drifts detection preparation. 
The results obtained with this activity were: 
• Range noise estimation: 8 cm rms at 18 Hz; 1.8 cm rms 

at 1 Hz. 
• Pseudo-time tag bias: different groups provided 

different results all around -0.4 ms. 
• Sea-surface Height RMS: different groups provided 

different results all around 9 cm, that after orbit 
correction went down to 6.5 cm. 

• Ionospheric correction: different groups provided 
different results all around 8.6 cm. 

• Relative range bias: different groups provided different 
results. They were all in-line with the results obtained 
with the absolute calibration: 
o DEOS: -40.4 cm / ERS-2 
o CLS: -40.7 cm / CLS01 MSS 
o OSU: -43.1 cm / OSU 95 MSS 

V. CRYOSA-2 

CryoSat-2 is an altimetry satellite built by the European 
Space Agency and dedicated to polar observation. It will 
embark on a three-and-a half-year mission to determine 
variations in the thickness of the Earth's continental ice sheets 
and marine ice cover, and to test the prediction of thinning 
Arctic ice due to global warming. 

The CryoSat orbit, at an inclination of about 92 degrees and 
an altitude of 717 kilometres, will cover almost all the polar 
regions. CryoSat will carry an altimeter/interferometer called 
SIRAL and a DORIS instrument, but no radiometer. SIRAL is 
a Ku-band instrument (13.575 GHz) operating in three modes:  

• LRM: Low-resolution, nadir-pointing altimeter mode. 
The altimeter will measure the distance between the 
satellite and the surface of the Earth. 

• SAR mode. Unlike conventional radar altimeters, 
where the interval between pulses is about 500 
microseconds, the CryoSat altimeter will send a burst 
of pulses with an interval of only 50 microseconds 
between them. The returning echoes will thus be 
correlated, and by treating the whole burst of pulses in 
one operation, the data processor can separate the echo 
into strips arranged across the track by exploiting the 
slight frequency shifts (caused by the Doppler effect) 
in the forward- and aft-looking parts of the beam. 

• SAR interferometer mode. In order to measure the 
arrival angle, a second receive antenna will be 
activated so that the radar echo is received by two 
antennas simultaneously. When the echo comes from a 
point not directly beneath the satellite there will be a 
difference in the path-length of the radar wave, which 
will be measured. Simple geometry will provide the 
angle between the baseline joining the antennas and the 
echo direction. 

Current plans are for CryoSat to operate over the oceans for 
validation purposes in low-resolution mode. This means that 
the ground segments will be able to process ocean altimetry 
measurements acquired by SIRAL. Direct radiometric 
corrections, however, will not be possible. Dynamic 
topography data of medium quality, but from a new orbit, 
may therefore be available. These data could be combined 
with measurements from other dedicated altimetry missions. 



 

A. Mission Objectives and Scientific Requirements 

The aim of the CryoSat-2 mission is to determine variations 
in the thickness of the Earth's continental ice sheets and 
marine ice cover. Its primary objective is to test the prediction 
that Arctic sea ice is thinning due to global warming. In 
addition, it was important to discover the extent to which the 
Antarctic and Greenland ice sheets are contributing global sea 
level rise. 

To achieve these goals, CryoSat-2 will primarily: 
• determine regional trends in Arctic perennial sea-

ice thickness and mass; 
• determine the contribution that the Antarctic and 

Greenland ice sheets are making to mean global 
rise is sea level. 

CryoSat-2's secondary goals are to observe: 
• the seasonal cycle and inter-annual variability of 

Arctic and Antarctic sea-ice mass and thickness; 
• the variation in the thickness of the Earth's ice 

caps and glaciers.  
CryoSat-2 is designed to be fully automated, such that its 

three measurement modes would be switched on-board 
according to the geographic chart. Low Resolution Mode 
(LRM) would have been operated over the light-blue areas of 
the ice-sheet plateau and over the oceans. Synthetic Aperture 
Radar (SAR) mode would have been exploited over medium-
blue sea-ice areas (the chart would have been updated every 
month for seasonal changes in sea-ice extent). SAR 
Interferometric (SARIn) mode will be used over the dark-blue 
steeply sloping ice-sheet margins, small ice caps and areas of 
mountain glaciers. 

Table 2 shows the science and measurement requirements 
(for typical spatial scales) to be observed over different 
targets: 

 

 Area 
[km2] 

Science req. 
[cm/year] 

Meas. 
accuracy 
[cm/year] 

Arctic sea ice 105 3.5 1.6 
Ice sheets:  
Regional scale 103 8.3 3.3 

Ice sheets:  
Antarctica 106 0.76 0.17 

Table 2. Science and measurement requirements over different 
targets. 

 
CryoSat-2 will achieve improved spatial resolution of 

250m in the along-track direction using the Synthetic 
Aperture technique. 

Unlike conventional radar altimeters, where the interval 
between pulses is about 500 µs, the CryoSat-2 altimeter will 
send a burst of pulses with an interval of only 50 µs between 

them. The returning echoes will be correlated, and by treating 
the whole burst at once, the data processor can separate the 
echo into strips arranged across the track by exploiting the 
slight frequency shifts (caused by the Doppler effect) in the 
forward- and aft-looking parts of the beam. Each strip is about 

250 m wide and the interval between bursts is arranged so 
that the satellite moves forward by 250 m each time. The 
strips laid down by successive bursts can therefore be 
superimposed on each other and averaged to reduce noise. 
This mode of operation is called the Synthetic Aperture 
Radar, or SAR mode.   

B. Calibration 

Since CryoSat was primarily a mission to measure ice sheet 
elevation, sea-ice freeboard and thickness (Wingham, et al, 
2000) it has been necessary to design and test a validation 
infrastructure combining airborne and field campaigns, the 
CryoSat Validation Experiment (e.g. CryoVEx). The 
activities are being undertaken by the CryoSat Validation and 
Retrieval Team (CVRT). 

At the time of the CryoSat launch all systems necessary to 
instigate a successful validation are in place. These includes: 

• End to end testing of CryoSat ground segment, 
distribution of test data to Expert Support Laboratories 
(ESL), ability to re-process products off-line at ESL 
using clones of operational processors housed at the 
ESL and ESTEC. 

• Scientific testing of CryoSat level 1 and level 2 
processors using numerous realistic land-ice, sea ice 
and ocean simulated test scenarios. 

• Dedicated absolute calibration of main parameters (in 
Level 0, FBR and Level 1 data) with 3 non-operation 
dedicated TRP processors. 

The purpose of any absolute calibration is to get an 
independent value of the same target from the instrument to 
be calibrated. In other words make the instrument measure a 
well known target (e.g. a transponder). This value has to be 
obtained as accurate as possible and in turn it also has to be 
calibrated.  

The comparison between the two: a) the theoretical value 
provided by the well known target, and b) the measurement 
by the instrument to be calibrated, will give us the error the 
instrument is introducing when making its measurement. If 
this error can be assumed to be a constant error, regardless the 
conditions, it will provide the bias of the instrument. If, on top 
of that, this measurement is repeated after a certain period of 
time, it can also provide us an indication of the instrument 
drift.  

A transponder (TRP), that can be seen by a radar as a point 
target, has been identified to be the best method in order to 
obtain the independent measurement [20].  



 

A transponder is available for the CryoSat project (a 
refurbished old ESA transponder developed for the ERS 
altimeter calibration). It is located in the Svalbard station. The 
primary objective of the transponder was, initially, the 
calibration of the angle of arrival (i.e. the interferometric 
baseline) in SARin mode [ESA private communication]. 
However, the project has also identified the need of a very 
accurate datation calibration and the understanding of the 
causes of the error if identified, and consequently the actions 
to be taken.  

The project will retrieve the range and sigma-0 bias using 
cross-calibration methods (with EnviSat and Jason-1 
altimeters), as described in [21]. Nevertheless, due to its well-
known radar response, we can also use data collected by the 
altimeter when flying over this transponder to perform the 
range and sigma-0 calibrations, for not much additional effort, 
since most of the processing shall in any case be performed 
for the datation and interferometric baseline calibrations.  

These 4 calibrations will be performed using level 1b data 
or Full Bit Rate (FBR). Using Level 1b data we have only one 
single measurement to be compared. On the contrary, when 
using the FBR data we have the full set of measurements with 
visibility of the TRP. Increasing the number of measurements 
reduces the noise of the final result. 

During CryoSat Commissioning phase, these data will be 
retrieved during several passes over the transponder. The 
developed algorithms are currently being tested with 
simulated data from the CRYMPS simulator, generated by 
overflying a transponder point target in different geometrical 
and instrumental configurations. 

Figure 5 illustrates the calibration principle for a particular 
case of the datation calibration. 
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VII. CONCLUSIONS 

Almost 20 years of altimetry provides a unique altimetric 
time series. This will still be enlarge by CryoSat in the very 
near future, and later on by the series of Sentinel-3 satellites. 

All the altimeters have been calibrated so that this time 
series have the same reference, and therefore, all science 
extracted from them are coherent. 

 
Fig.5. Depiction of datation error concept, in 2 cases (A and B), 

using non multi-looked data. In black we show the expected function 
of the range in time. The location of the expected minimum 

compared with the location of the minimums founds in A and B, 
gives us the datation error. 

 

VIII. REFERENCES 
[1] Francis, C.R., "The height calibration of the ERS 1 radar altimeter", in 

Proceedings of the First ERS 1 Symposium - Space at the Service of our 
Environment, Eur. Space Agency Spec. Publ., ESA SP-359 (I), 381-
393, 1992. 

[2] Benveniste, J., "ERS-2 Altimetry Calibration", in Proceedings of the 3rd 
ERS Symposium, same issue, 1997. 

[3] Roca M., et al., "RA-2 Absolute Range Calibration" EnviSat Validation 
Workshop Proceedings, Frascati, December 2002. 

[4] M. Roca, H. Jackson, and C. Celani, "RA-2 Sigma-0 Absolute 
Calibration" EnviSat Validation Workshop Proceedings, Frascati, 
December 2002. 

[5] D.J. Wingham, C.R. Francis, S. Baker, C. Bouzinac, R. Cullen, P. de 
Chateau-Thierry, S.W. Laxon, U. Mallow, C. Mavrocordatos, L. 
Phalippou, Guy Ratier, L. Rey, F. Rostan, P. Viau & D. Wallis; 
"CryoSat: A Mission to Determine the Fluctuations in Earth's Landand 
Marine Ice Fields", Advances in Space Research, Submitted, 2004. 

[6] Hancock, D.W., Forsythe, R.G. and Lorell, J, ‘SeaSat Altimeter Sensor 
File Algorithms’, IEEE OE-2(2), 93-99, 1980. 

[7] Partington, K.C. and  Rapley, C.G., “Analysis and Simulation of 
altimeter performance for the production of ice sheet topographic 
maps”, Annals of Glaciology, 8, 1986. 

[8] McArthur, J.L., P.C. Marth, and J.G. Wall, “The GeoSat Radar 
Altimeter”. 1987. John Hopkins Applied Physics Laboratory Technical 
Digest 8(2): p. 176-181. 

[9] Fu, L. & Cheney, R. E. “Application of satellite altimetry to ocean 
circulation studies: 1987-1994”. Reviews of Geophysics Supplement, 
213-223 (1995). 

[10] Zieger, A.R., et. al., “NASA Radar Altimeter for the 
TOPEX/POSEIDON Project”, Proc. IEEE 79(6), 810-826]. 

[11] Ducet N, Le Traon PY, Reverdin G, “Global high-resolution mapping 
of ocean circulation from TOPEX/Poseidon and ERS-1 and-2”, JGR 
105 (C8): 19477-19498, 2000. 



 

[12] Cabanes C, Cazenave A, Le Provost C, “Sea level rise during past 40 
years determined from satellite and in situ observations”, Science 294 
(5543): 840-842 OCT 26 2001. 

[13] Scott, R. F. et al., “A comparison of the performance of the ice and 
ocean tracking modes of the ERS-1 radar altimeter over non-ocean 
surfaces”. Geophysical Research Letters 21, 553-556 (1994). 

[14] Wingham, D. J., A. L. Ridout, et al. (1998). “Antarctic Elevation 
Change from 1992 to 1996.” Science 282: 369-580. 

[15] Shepherd A, Wingham D, Payne T, et al., “Larsen ice shelf has 
progressively thinned”. Science 302 (5646): 856-859 OCT 31 2003. 

[16] Laxon, S. W., N. R. Peacock, et al. (2003). “High interannual variability 
of sea ice thickness in the Arctic region.” Nature: doi: 
10.1038/nature2050. 

[17] Peacock, N. R. and S. W. Laxon (2004). “Sea Surface Height 
Determination in the Arctic Ocean from ERS Altimetry.” J. Geophys. 
Res. 109, C07001, doi: 10.1029/2001JC001026. 

[18] M. Roca, Laxon, S. and Zelli, C., “The EnviSat RA-2 Instrument design 
and tracking performance”, IEEE Transactions on Geoscience and 
Remote Sensing, 47 (10), pp. 3489-3506, doi: 
10.1109/TGRS.2009.2020793. 

[19] KA Giles, SW Laxon and AL Ridout, 'Circumpolar thinning of Arctic 
sea ice following the 2007 record ice extent minimum', Geophysical 
Research Letters, doi: 10.1029/2008GL035710, in press (accepted 10 
October 2008). 

[20] CryoSat Mission and Data Description - ESA doc.: CS-RP-ESA-SY-
0059, Issue 2, November 2001. 

[21] In-Flight Calibration Plan – ESA doc.: CS-PL-ESA-SY-0nnn, Issue 
draftC, September 2003. 

 
 


