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ABSTRACT: 
The long-term validation phase of ENVISAT provides assurance of data 

quality and accuracy for applications such as climate change research. In 
addition, it performs long term monitoring for possible instrumental drifts and 
other artefacts. The paper will discuss the general status of the validation 
activities for GOMOS, MIPAS and SCIAMACHY. The main and long-term 
geophysical validation programme will be presented with focus on the validation 
of the atmospheric chemistry instruments by ground-based lidar. 
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1. - Introduction 

Envisat is ESA’s advanced Earth 
observing satellite, launched in March 
2002. Validation of the Envisat Level 2 
(geophysical) products is a significant 
challenge, which is due to the broad range 
of geophysical quantities that can be 
derived and the different sources of 
available validation data, such as ground-
based, ship-borne, balloon-based, aircraft, 
satellite and model data. An accurate 
assessment of errors is essential for the use 
of such data in both scientific and general 
applications. For a successful validation a 
well-structured approach is needed. The 
long-term validation aims to ensure the data 
quality throughout the lifetime of the 
instruments through validation of algorithm 
improvement and instrument degradation 
corrections. 
 
 
2. - General organization of ENVISAT 
validation 

ESA issued an “Announcement of 
Opportunity for the Exploitation of the 
Envisat Data Products” in 1998. More than 
740 proposals (out of which 130 deal with 
calibration and validation) were received 
from more than 50 countries. The ESA 
validation (and calibration) programme 
embodies these projects and the success of 
the Envisat validation relies on these 
important contributions [1]. 

For the co-ordination of the Envisat 
validation activities, the following teams 
have been established: 
• ASAR Calibration and Validation 

Team, 
• RA-2/MWR Cross-Calibration & 

Validation Team (RA-2 / MWR 
CCVT), 

• MERIS & AATSR Validation Team 
(MAVT), 

• Atmospheric Chemistry Validation 
Team (ACVT), which includes 
GOMOS, MIPAS and SCIAMACHY. 

 

Typical membership of the validation 
teams comprises: 
 
• ESA staff, 
• Expert Support Laboratory (ESL) 

members, 
• Principle Investigators (PIs) of selected 

and appropriate AO validation projects. 
 

The ACVT is of interest here and is 
divided in several subgroups dealing with 
different data sources. Each AO project PI 
is assigned to one of these subgroups. 
 

The current validation activities 
embrace: 
• Ensuring consistent geophysical 

behaviour of the processor products, 
• Quantifying errors within the 

geophysical products by the yearly 
Validation Workshops, 

• Validation of algorithm improvements 
and instrument degradation corrections. 

 
 
2.a. - Organisation during the main 
validation phase 

By the end of the Commissioning 
Phase (December 2002) a large number of 
Level 1b (calibrated spectra) products were 
verified. Routine calibration for some 
instruments started at the end of the 
Commissioning Phase. By then L2 products 
were only preliminarily validated. 

The ENVISAT Validation 
Workshop in December 2002 has 
consolidated the preliminary validation of 
the L2 products. A first regeneration of the 
L2 auxiliary products has been achieved 
and accuracies for all L2 products has been 
estimated and reported [2]. The main 
validation of Envisat was performed by a 
large number of European and non-
European institutes, organised in different 
projects (ESA AO and national projects). 
Every project has its individual objectives 
with corresponding activities and planning. 
Individual projects have commitments 
towards their funding institute. 
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Furthermore, they have agreed on a 
"Statement of "Work" with ESA, in case the 
project was submitted as an Envisat-AO 
calibration/validation project. These 
commitments roughly contain one or more 
of the following: to perform measurements, 
to perform data-assimilation, to compare 
with Envisat data, to analyse and report the 
results. 
 
 
2.b. - Organisation during the long-term 
validation phase 

During the exploitation phase or 
Phase E of Envisat the best use of the 
instruments will be made by optimising the 
instrument processors to produce the best 
products. Another important task during the 
exploitation phase is to perform the long-
term assessment of product quality and 
keep the user community informed on the 
product quality, calibration procedures and 
calibration factors. 

The organisation during the long-
term validation phase will be based on the 
concept of the Quality Working Group 
(QWG), which advises the mission manager 
on actions to be taken to secure the product 
quality, based on inputs from the long-term 
quality analysis performed at ESRIN, 
analysis made by the ESLs and by the 
different validation teams. Also the 
instrument behaviour will be monitored and 
the data products will be checked and 
verified. The precision and accuracy of 
products at any time will be determined. 
The detection and characterisation of 
anomalies and deviations is an important 
aspect, which enables ESA to perform 
corrective actions and improvements. The 
ESA section responsible for Sensor 
Performance and Product Assessment 
provides a Geophysical Validation report at 
each processor upgrade or mission event 
that might affect product accuracy and 
precision, and at least one updated report 
per year. 

The validation activities are 
concentrated around major processor 
upgrades or instrument event, which have 
an impact on the measurements and related 
products. Processor upgrades are foreseen 
every 18 to 24 months. In addition, new 
geophysical products will be developed, 
which require subsequent validation. 

At the Envisat Validation Workshop 
in December 2002, it has become clear 
which products needed more time to 
become fully operational. These products 
may therefore not be fully validated during 
the Main Validation Phase. However, 
correlative measurements obtained during 
the main validation phase can still be used 
for the validation once the instrument data 
has been reprocessed with the proper 
algorithms.  

There will be scientific development 
of new products as well. Scientists will 
hopefully exploit the capabilities of Envisat 
products, and develop new products. 
Furthermore there will be efforts to improve 
the existing Envisat products. It is in the 
interest of the Envisat community to 
stimulate these developments, since they 
will lead to better accuracy, better use of 
the data, and better scientific output.  

If a new product is selected to 
become an official operational Envisat 
product, a plan for its validation will be 
made. The validation teams will advise on 
correlative measurements, and time 
schedules for first validation results and 
data release. 

It is expected that the composition 
of the different teams will change after to 
transition from the main validation phase 
into the long-term validation phase. 

The subgroup leaders are the points 
of contact between the validation scientists 
and ESA. Evert Attema at ESA ESTEC, 
assisted by Paul Snoeij, coordinates the 
ACVT (Table I). 
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TABLE I: ACVT organisation during 
the long-term validation phase 

Name Function 
Evert Attema ACVT validation 

coordination 
Paul Snoeij  Validation engineer; 

supporting Evert 
Attema 

Patrick 
Wursteisen 

ACVT subgroup 
leader: ESABC: 
Aircraft and Balloon 
Campaigns 

Rob Koopman 
(until May 2004) 
Paul Snoeij (from 
May 2004 ) 

ACVT subgroup 
leader: GBMCD: 
Ground Based 
Measurements and 
Campaign Database 

Claus Zehner  ACVT subgroup 
leader: MASI: 
Models, Data 
Assimilation and 
Satellite 
Intercomparison 

 
3. - ENVISAT Correlative Database 

The data coming from the various 
validation campaigns are held within a 
central data storage facility established at 
the Norwegian Institute for Air Research 
(NILU) in Norway. NILU provides access 
to correlative measurements from sensors 
onboard satellites, aircraft, balloons and 
ships, as well as from ground-based 
instruments, under-water devices and 
numerical models, such as that of the 
ECMWF. This facility is particularly 
relevant to the atmospheric chemistry 
sensors, MERIS and AATSR. NILU also 
provides documentation describing the 
facility, how users gain access to the 
database to retrieve or upload data, and the 
formats to be used. Particular attention is 
given to the quality control of such data. 
Envisat data products are stored within the 
ground segment and will not be held at 
NILU although other correlative satellite 
data is included to facilitate their 
comparison with data acquired for the 
Envisat mission. Users are able to connect 

with the database to add or retrieve data 
according to their requirements.  
 

Two types of data are stored in the 
NILU database, fixed point and transect 
data. Transect data is only provided for 
inclusion in the database for selected times 
which correspond to the satellite overpass. 
All data provided to NILU for inclusion in 
the database is in HDF v4.1 r3 format to: 

• Ensure that datasets from many 
different instruments can be read with 
freely available tools, 

• Allow the performance of a rudimentary 
quality control (format) on the datasets, 

• Allow the same tools to be used to open 
Envisat data and correlative data, 

• Allow the database contents to be 
queried, based on agreed metadata 
standards. 

Metadata have been defined in a joint 
effort by the members of the subgroups and 
are a standard, not only for the Envisat 
calibration and validation campaign, but 
also for future campaigns. 
 
 
4. - Validation by the ACVT-GBMCD 
subgroup 

During the commissioning phase, 
the ACVT-GBMCD subgroup has 
performed acquisition of correlative data 
through intense validation campaigns and 
routine observations. The best collocations 
have been identified as the reference 
validation dataset for any Envisat data 
(re)processing. 

At the time of the Envisat Validation 
Workshop only a preliminary validation 
analysis could be performed because 
Envisat data were available for only a 
fraction of the available collocations [2]. 
During the current Exploitation phase, the 
acquisition of correlative data continues at 
many network stations during routine 
operations. Dedicated observations are 
performed only in combination with other 
campaigns. The validation analysis activity 
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intensifies each time that the validation 
reference dataset is reprocessed, and in 
particular at the first processing prior to the 
second validation workshop. In addition 
long-term validation analysis covering the 
mission lifetime is performed on the best 
collocations obtained during and after the 
Commissioning Phase. It is therefore 
foreseen that the reference dataset grows, 
taking into account that with time 
reprocessing resources normally increase.  

 
 
4.a. – AVCT-GBMCD Long-term 
validation 

As recognised by the international 
Committee on Earth Observation Satellites 
(http://www.ceos.org), a major objective of 
the validation is to secure a consistent data 
set during the lifetime of Envisat that can 
also be used for long-term trend studies and 
that can be coupled to other long-term data 
records. The validation of Envisat products 
is certainly not finished after the first 
twenty months, although all Envisat 
operational products have been compared to 
correlative measurements of more than one 
source, and mostly for over a year. 

Continuous global correlative 
measurements will be necessary in order to 
identify the effect of instrument degradation 
or atmospheric changes on the algorithms. 
Algorithm improvements have to be 
verified and validated. New measurements 
may be necessary, e.g., to check for a 
specific algorithm artefact. New operational 
products, as well as products for which the 
algorithm was not ready at launch, need to 
get a proper first validation as described in 
the main validation plan. New analysis of 
old data will give new insight in the 
accuracy of the products or in the causes of 
discrepancies. New scientific products will 
be developed.  

During the Exploitation phase, the 
acquisition of correlative data is continuing 
at many network stations during routine 
operations. Dedicated observations are 

performed only in combination with other 
campaigns.  

 

4.b. - Ground-based Measurements 

Networks of ground-based 
instruments and sonde launch sites are 
providing a suite of correlative 
measurements covering a wide range of 
geophysical conditions.  The aims are to 
generate a large number of data sets for 
intercomparison with GOMOS, MIPAS and 
SCIAMACHY Level 2 (L2) products.  A 
number of teams of scientists are 
cooperating to generate and analyse data 
from more than 150 instruments stationed 
throughout the world.  This facilitates the 
identification of systematic latitude-
dependent effects and, simultaneously, the 
detection of seasonal effects at an early 
stage, since both hemispheres are covered.  
Most ground-based spectrometers are 
operated routinely and soundings are 
performed between once and three times 
per week.  Lidar instruments were initially 
operated as much as possible and now on a 
routine basis depending on manpower and 
weather conditions. Observation of the 
same air mass, even though not perfectly 
simultaneous, is also an objective. For lidar 
observations a perfect temporal collocation 
is not always possible. Most stratospheric 
lidars, for example, can only perform 
observations at night, whereas 
SCIAMACHY exploits a limb-viewing 
technique observing air masses illuminated 
by the sun. Acceptable time differences for 
intercomparisons depend on the stability of 
the trace gasses that are the subject of the 
intercomparison, and on the accuracy of 
trajectory calculations. 

Instruments at many sites over the 
globe will perform frequent observations.  
Since the ground-based group is generating 
the largest number of coincident data sets, 
statistical analyses was possible early on in 
the commissioning phase. The data 
acquired were also used for detailed 
analysis of the differences found during 
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intercomparison.  Some of the parameters 
retrieved are also relevant for the validation 
of Level 1 (L1) products. 

Dedicated Lidar measurements and 
many of the routine, and all of the 
dedicated, ozone soundings are performed 
as close as possible in time and space to 
Envisat observations.  For routine 
measurements, collocations will be 
identified a posteriori from the Envisat and 
correlative datasets.  Trace gas columns 
from ground-based instruments will be 
compared to columns and integrated 
profiles from Envisat.  For ground-based 
profiles and soundings, further pre-
processing is needed to take the differences 
in altitude resolution into account.  Both a 
qualitative assessment of GOMOS, MIPAS 
and SCIAMACHY accuracy and precision, 
and an investigation of deviations is 
performed. 

 
4.c. - Lidars 

The Network for the Detection of 
Stratospheric Change (NDSC)and other 
participants are providing routine and 
dedicated measurements of ozone, 
temperature, aerosol backscatter and 
extinction, and cloud parameters, as a 
function of altitude.  Ozone lidars provide 
profiles of O3 and temperature, and in some 
cases aerosols. Additional lidars are 
dedicated to the retrieval of aerosol 
parameters and systems have been 
constructed to retrieve water vapour.  In 
addition, a cloud-base lidar system will be 
available.  Lidars can be tuned to match 
specific validation requirements and they 
cover a wide range of altitudes.  O3 can be 
retrieved from altitudes up to 50 km, and 
the same systems are capable of retrieving 
temperature up to 90 km, and aerosol and 
cloud backscatter can be acquired up to 30 
km. Stratospheric ozone lidars are usually 
only operated at night, but some lidars have 
been adapted for use in the day.  In daytime 
mode these systems have a lower sensitivity 
due to the higher stray light intensity. The 

accuracies obtainable always vary strongly 
over the altitudinal range but they also 
depend on the specific settings chosen.  
Highest accuracies in the suitable altitude 
range are 3% for ozone, 1K for temperature 
and 5% for aerosol and backscatter 
parameters. 

During the commissioning phase, 
measurement campaigns have been 
particularly intense and were synchronised 
with the stratospheric aircraft and balloon 
campaigns. After the commissioning phase 
observations continued to be scheduled as 
close as possible to Envisat observations.  
For nighttime ozone systems operating at 
high latitudes, the overall timing of the 
campaigns is dictated by season, the 
detailed timing of Envisat observations, and 
also weather conditions.  The overall target 
is the acquisition of several collocated 
profiles each week during both the 
commissioning and the routine phases. 

The NDSC plays a major role in the 
Envisat long-term validation program. The 
scientific and operational objectives of this 
network of ground-based remote sounding 
stations and sites place a strong emphasis 
on data quality control procedures yielding 
verified geophysical products that can be 
used for long-term assessments, validation 
and calibration of space-based 
measurements, and testing of predictive 
atmospheric models. To maintain long-term 
operational consistency and product quality, 
various protocols have been formulated, 
dealing with topics such as Primary and 
Complementary Measurements, Theory and 
Data Analysis, Instrument Intercomparison, 
and Validation (see NDSC home page: 
http://www.ndsc.ws). Protocols include 
rigorous procedures carried out under the 
responsibility of dedicated working groups 
and based on calibration measures, on 
regular blind intercomparison campaigns, 
and on exercises involving both 
instrumentation and analysis algorithms. 

NDSC-affiliated investigators are 
committed to submit validated ground-
based data into the NDSC Data Host 
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Facility (DHF, NOAA, Washington D.C.) 
for official endorsement and public release 
within two years after data acquisition. This 
delay is necessary to fulfil all the 
aforementioned quality control procedures. 
When faster data delivery is crucial, such as 
for commissioning phase and routine 
satellite validation, arrangements have been 
organised on a case-by-case basis with 
individual NDSC Investigators to foster 
rapid delivery of preliminary data. Such 
arrangements have been met for Envisat 
validation through collaborations with 
about two-dozen European and non-
European institutes. For most of the stations 
and instruments involved in Envisat 
validation, a delivery within a few months 
during the Main Validation Phase is 
expected. It is anticipated that several 
stations will continue fast delivery of 
preliminary data throughout Envisat 
lifetime for routine long-term validation 
purposes, with at least one site per Primary 
Station (Arctic, Antarctic, Alpine, New 
Zealand, Hawaii) and at the Southern 
Tropic. The final geographical coverage of 
those sites is determined both by the needs 
revealed by Main Validation Phase results 
and by the resources available at the 
stations after the Main Validation Phase. 

 
5. - Envisat Quality Assessment with 
Lidar: the EQUAL activity 

The Envisat Quality Assessment 
with Lidar (EQUAL) activity focuses on 
one of the main products - the 
measurements of ozone profiles - from all 
three atmospheric chemistry instruments, 
GOMOS (Global ozone monitoring by 
occultation of stars), MIPAS (Michelson 
interferometer for passive atmospheric 
sounding) and SCIAMACHY Scanning 
Imaging Absorption Spectrometer for 
Atmospheric Cartography) (Fig.1.). In 
addition, this activity incorporates the 
analysis of temperature profiles from the 
same instruments. The activity is performed 

under ESA/ESTEC contract by the RIVM 
in The Netherlands. 

 
Fig.1. - The EQUAL Logo 

 
Correlative observations for this 

activity are coming from lidar systems. A 
lidar works by emitting powerful light 
pulses from a laser through the atmosphere.  
As the light pulse travels through the air it 
interacts with molecules of gas, particles of 
dust and droplets of water.  Lasers 
operating in the ultraviolet are used to emit 
light at two different wavelengths (usually 
around 308 and 353 nm).  The differential 
absorption effects of ozone gas at these two 
wavelengths can be exploited to derive 
ozone profiles between altitudes of 10-15 
km and with a vertical resolution of 1-4 km.  
Some of the light travelling through the 
atmosphere encounters different molecules 
and particles it is 'scattered' in all directions, 
some of which is scattered back towards the 
lidar – so-called 'backscattered light'. Since 
the backscattered light is proportional to the 
density of the air, these observations can 
also be used to derive temperature profiles. 

Around the world eleven 
Differential Absorption Lidar (DIAL) 
systems currently sample the vertical 
distribution of ozone with high-energy 
optical pulses (Fig.2.). In addition of these 
DIAL systems, dedicated temperature (and 
aerosol) lidars operating at 532 (and 355) 
nm are contributing to the EQUAL project. 
Most of the systems contributing to the 
project are operated manually and generally 
during the night, and are located at remote 
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sites such as in the snow- and ice-covered 
Arctic, and on the top of a volcano in 
Hawaii and as far south as New Zealand 
(Fig.3. and Fig.4.). 

 

 
 

Fig.2. – The EQUAL network of Lidar stations 

 
 

 
 

Fig.3. - Eureka measurement station in 
the Canadian Arctic (80°N) 

The validation database at NILU is 
the central archive to which these 
correlative measurements are uploaded.  
Since launch in 2002, over 2000 profiles 
were added to the central database and 
more data will still added in the coming 
years. From the profiles measured in 2004, 
over 700 files have already been processed 
and made available to a wider group of 
validation scientists. 

Assessment studies are also being 
carried out within the EQUAL project.  
Initially, the focus has been on the quality 
of the ozone profiles obtained from the 

GOMOS instrument.  These data were 
subjected to extensive analysis (Fig. 5) [3]. 

Shortly the ozone and temperature 
data from the other two instruments will 
also be incorporated in the study. These 
studies are performed in close interaction 
with ESA's dedicated Quality Working 
Groups. The direct interaction with the 
scientists specialising in the instruments, 
together with the continuous quality of 
relatively high-resolution reference data are 
some of the main strengths of this project. 
 
 

 
 

Fig.4. - Lidars operating at night performing 
measurements of ozone, temperature and aerosols 

above Lauder, New Zealand (45°S). 
 

In addition to the EQUAL project, 
another activity called TASTE (Technical 
Assistance to Envisat Validation by 
Soundings, Spectrometers and 
Radiometers) is also being carried out to 
meet long-term validation objectives for the 
three atmospheric instruments carried on 
Envisat.  This involves making correlative 
measurements of ozone as well as other 
atmospheric gases using spectrometers, 
radiometers and ozone-sonde from ground-
based and balloon-borne instruments. 

The EQUAL and TASTE projects 
marks an important step in confirming that 
the data on atmospheric chemistry received 
from Envisat is as accurate as possible so 
that we can significantly further our 
understanding of the Earth's atmosphere. 
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Fig.5. - Intercomparison results of paired data in which GOMOS measured in dark atmospheric limb condition. 
Left panel shows the mean of the GOMOS (bold red line) and GBMCD (bold blue line) ozone profiles and their 
standard deviations (thin lines). Middle panel shows their mean (green line) and median (black line) differences, 

including the standard deviation of the differences (thin line). Right panel shows the standard deviation of the 
differences (green line), and of the GOMOS (red line) and GBMCD (blue line) ozone profiles. 

 
 
 
 

 
 

 
 


