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1 Introduction

1.1 Executive summary

The GERB (Geostationary Earth Radiation Budget) instrument will be launched in August 2002 on MSG-1 (Metosat Second Generation) into a geostationary orbit located over 0( longitude.  From this vantage point it will measure the energy emitted and reflected by the Earth.  In conjunction with narrow band measurements from the SEVIRI instrument, which is mounted on the same spacecraft, these measurements will be processed to produce shortwave (SW) and longwave (LW) radiances and fluxes every 15 minutes at a spatial resolution of approximately 50 km.
The primary goal of the validation exercise described here is to asses the quality, and as far as possible to quantify the accuracy of the GERB data products.  It also aims to identify the points in the processing chain that may be responsible for introducing discrepancies, and by analysis of any discrepancies to improve data quality.
An ideal validation exercise would seek to compare the data products with more accurate independent measurements of the same quantity over a statistically significant number of samples and wide variety of situations.  It is never easy to meet these requirements: in the case of derived data products, such as surface temperature, which can be more directly measured on the ground than from satellite, the problem is not of making more accurate or independent measurements but of obtaining a significant number and coverage.  For GERB, where the products are top of the atmosphere (TOA) quantities, the most direct comparisons will be with other satellite measurements, in this case obtaining many and varied scenarios will be only a matter of time and opportunity.  However, there is no instrument that directly measures the full range of the outgoing radiances and fluxes without modifying them in some way.  Therefore a degree of modelling will always be required in the validation of these products which will compromise the independence of the quantities being compared.
The situation is further complicated by the matter of scale.  GERB, has a pixel size of aproximately 50(50 km and is designed to provide a measurement averaged over such an area.  However, the surface and atmosphere is generally not homogenous over such scales and ground and aircraft measurements provide information at much smaller scales making it difficult to derive area averaged quantities from the ground.

To mitigate this problem, the results of each step in the processing chain can be assessed and different types of measurements used for validation.  This will necessitate differences in the modelling used to make the comparison; for example a comparison with a broad band measurement will require a different approach than a comparison with a spectrum measured by an interferometer, or multi-channel radiometer observations.  Similarly, comparing fluxes derived from radiances observed at different angles for similar scenes can help identify problems in the radiance to flux conversion that co-angular comparisons would not.  Further investigations using ground and airborne measurements together with satellite data can also be used to further break down the uncertainties in the modelling process.  This approach will require careful assessment of the various uncertainties involved in each component of the comparison, but examination of the differences between the results will help to provide a more independent assessment of accuracy and identify the processing steps responsible for significant discrepancies.
This process is relatively longwinded, taking many months checking each of the prior processing steps, before validation of the final products is even begun, and requiring more than a year before the accuracy of all the products are assessed.  However, it is desirable to obtain a basic level of confidence in all GERB data products relatively soon after launch.  Therefore, in addition to the more exhaustive stepwise approach described above, a basic data quality check will be carried out immediately after launch.  This will compare GERB data to the most similar and direct measures without too great a concern for true independence.  It will not seek to assign accuracy values to each product, and although it will pick up gross errors it can not ascertain if the instrument is performing to within specification.  However, it will determine the level of agreement between GERB data and other measures of accepted quality and provide a quality assurance of the data.  This initial phase is planned to be completed in the three months following commissioning, and thus provide a rudimentary confidence in the GERB measurements and data processing four months after the instrument is turned on.
With this in mind the GERB validation process has been broken down into four phases.  Phase 0 consists of pre-launch cross checks and instrument commissioning activities, which aim to validate the characterisation of the instrument and determine that it is operating as expected.  Phase 1 provides rapid assurance as to basic data quality.  Phase 2 is a more drawn out consideration of each processing step and provides an assessment of the accuracy of the data products.  Phase 3 consists of ongoing validation activities, which will both monitor continuing instrument performance and provide ever more statistically significant results and an increasingly more precise picture of the accuracy and characteristic of the data.
1.2 Document overview
This document is part 1 of the GERB validation plan.  It provides an introduction and gives an overview of the planned validation activities.  This section gives an executive summary, lists applicable and reference documents and details SEVIRI validation activities that are planned by the SEVIRI science team.  Section 2 provides a summary of GERB data products, required accuracy, data calibration and processing as background.  Section 3 contains an overview of the validation approach, tools, methods and measures of success and a summary of the validation schedule.
The ‘Validation Implementation Plan’ will form part 2 of the GERB validation plan document.  In that document a more detailed description of each planned step of the validation process will be given.  It will detail the data products, processing and analysis that will be performed for each validation step.  It will also provide detail of who will be involved with each step and how data will be obtained and results assessed.  It will be prepared by the GERB validation team using this document as a basis.
The validation plan as it appears here takes as its background the original GERB calibration-validation plan document 35.
1.3 Applicable documents
The content of this document is dependent on the following documents.  The author of this document should be notified of any changes to these documents. 
1. MSG-RAL-GE-SP-0001
GERB science requirements and specification
2. MSG-RAL-GE-LI-0013
Project error budget table

3. MSG-IC-GE-TN-0016
On noise and stability of GERB

4. MSG-IC-GE-TN-0005
Baseline calibration algorithms for GERB

5. MSG-IC-GE-TN-0017
Calibration parameters to be transferred to the ground segment

6. MSG-RAL-GE-RS-0001
User requirements definition for the baseline GERB ground segment processing system (GGSPS)

7. MSG-RAL-GE-IF-0012
GGSPS – user interface control document
8. MSG-RAL-GE-IF-0013
GGSPS – RMIB interface control document

9. MSG-RAL-GE-IF-0039
GGSPS – Operations interface control document

10. MSG-RMIB-GE-TN-0003
RMIB GERB processing: resolution enhancement

11. MSG-RMIB-GE-TN-0004
RMIB GERB processing: overview

12. MSG-RMIB-GE-TN-0005
RMIB GERB processing: spectral modelling

13. MSG-RMIB-GE-TN-0006
RMIB GERB processing: GERB processing

14. MSG-RMIB-GE-TN-0007
RMIB GERB processing: scene identification

15. MSG-RMIB-GE-TN-0008
RMIB GERB processing: angular modelling

16. MSG-RMIB-GE-TN-0011
RMIB GERB processing: data products accuracy

17. MSG-RMIB-GE-IF-0002
RMIB GERB processing: data products description

18. MSG-RMIB-GE-TN-0025
RMIB GERB processing: use of Meteosat data

19. MSG-RMIB-GE-TN-0026
RMIB GERB processing: slot processing

20. MSG-RMIB-GE-TN-0033
Temporal interpolation for the GERB LW estimation

21. MSG-RMIB-GE-UG
L2 RMIB products user guide

1.4 Reference documents
22. MSG-RAL-GE-DS-0001
Instrument specification

23. MSG-RAL-GE-RS-0025
Characterisation and calibration requirement specifications
24. MSG-RAL-GE-PL-0034
GERB instrument commissioning plan and specification
25. MSG-RAL-GE-TN-0005
Spectral error due to wavelength separation (quartz filter)
26. MSG-RAL-GE-TN-0002
Polarisation effect on short wave accuracy

27. MSG-RAL-GE-TN-0003
Short wave errors due to spectral response non-uniformity

28. MSG-RAL-GE-TN-0004-
Longwave spectral response errors

29. MSG-RAL-GE-TN-0093
Detector pixel counts to filtered radiance data conversion (summary)

30. MSG-RAL-GE-TN-0111
Pointing repeatability, effect on LW error

31. MSG-RAL-GE-TN-0124
Radiometric error due to N-S smear

32. MSG-RAL-GE-TN-0136
Radiometric error due to spectral response: re-analysis for measured instrument response
33. MSG-IC-GE-TN-0006
Error estimation for GERB calibration

34. MSG-IC-GE-RP-0001
Proposal for a primary data processing scheme for GERB: radiometry
35. MSG-ICL-GE-PL-003
GERB calibration validation plan 
36. Exploiting the GERB/SEVIRI synergy for data validation, new algorithm development and scientific applications (Proposals 138, 142 & 143)
J.E.Harries, R. Mossavati, E. Lopez-Baeza, S. Dewitte, N. Clerbaux, G.L. Smith, P. Allan, M. Bates, J. Muller, and R. Stuhlmann  
Proceedings of the First MSG RAO Workshop. Bologna, 17 – 19 May 2000. ESA SP-452. October 2000. 
1.5 Additional SEVIRI validation activities

TBC
2 Background to GERB data

GERB observes the Earth with a columnar array of 256 detectors.  A North-South slice of the Earth is observed with these detectors on each revolution of the MSG satellite, i.e. every 0.6 seconds.  Data is acquired over a 40ms viewing period where the Earth view is held stationary in the instrument field using a de-spin mirror.  Internal calibration sources, an internal black body and a solar diffusing sphere, are also viewed during every revolution.  By altering the start of acquisition time for the Earth view within a revolution, a scan of the Earth is built up in a West to East or East to West direction.  A pass across the Earth is made in 262 steps during which measurements for a single channel, total (TOT) or shortwave (SW), are acquired.  Each pass includes deep space views off the limb of the Earth.  A complete Earth scan consists of two such passes across the face of the Earth, giving full data for one channel in each pass.  To improve signal to noise, GERB data products are based on the average of three complete Earth scans (consisting of six Earth passes) and are therefore available at a temporal resolution of 15 minutes and 43 seconds.
2.1 Ground calibration and characterisation measurements

A very brief summary is presented here, full details can be found in documents 3, 5, 23 and 34
During the pre-flight instrument calibration and characterisation the following properties are provided and used in the later instrument processing.

· Instrument spectral response, normalised to predefined reference spectra, for each pixel, for SW and TOT channels.  This is derived at the unit level from separate measurements on each detector and the telescope with and without the quartz filter.
· Ratio of SW to TOT channel gains for each pixel.  Measured using well characterised calibration sources, in conjunction with internal black body measurements (to remove offsets) and knowledge of the instrument spectral response.
· Filter transmission integrated over a reference spectrum.  This is calculated using the measured instrument spectral response.
· ‘A’ factors for each pixel, that is the weighting applied to the SW channel measurement in order to subtract the SW component from the TOT channel, for reference LW and SW spectra.  This is calculated using the measured instrument spectral response and/or from the measurements with the well characterised calibration sources.  The 'A' factor used for the calculation of the synthetic LW radiance should be derived from the measurements with the well characterised calibration sources, with no or minimal influence of measured instrument spectral response.
· Point spread function measurements for each pixel.  This is obtained by varying a point source within the pixels field of view.

Additionally checks are made on the linearity of the instrument and the stability of the internal black bodies.
2.2 On-board processing and calibration

A very brief summary is presented here, full details can be found in documents 3, 5, 29, and 34
Two calibration monitors are available in flight, both being viewed once per instrument revolution.  The first is an internal black body (IBB), whose temperature can be varied; the second is a diffusing sphere calibration monitor (CALMON) which reflects solar radiance.  Additionally instrument deep-space views are made to provide a zero level, and a lunar viewing mode is defined to allow additional SW channel monitoring using occasional observations of the moon.

On board, TOT channel gains are obtained by subtraction of space and IBB signals, using knowledge of the instrument spectral response and the IBB emission, both characterised on the ground pre-flight.  The ratio of SW to TOT gains is assumed stable between ground calibration and first measurement of the CALMON, any changes over time are then monitored by comparison with the initial CALMON measurement.

On board signal processing accounts for the time constant of the detectors, providing an asymptotic value of instrument response via a correction factor (.  Raw GERB data contains this asymptotic value of pixel counts for deep space, the Earth, the IBB, and the CALMON, as well as auxiliary and house keeping data, which define the state and condition of the various GERB sub systems.  By taking the difference between the asymptotic value for the scene and IBB view for the same instrument revolution the time varying offset to the pixel count is removed.

Raw GERB data will be checked for data corruption, duplicate packets, gaps between packets and for packets out of sequence.  Corrupt packets will be excluded from further processing, duplicate packets will be removed, data gaps and out of sequence packets will be logged but no resequencing will be attempted
2.3 Ground processing and data products
The GERB ground segment will process GERB data in near real time.  This processing will be distributed between the Rutherford Appleton Laboratory (RAL), and the Royal Meteorological Institute of Belgium (RMIB).  Geolocation and calibration of the filtered radiances will be carried out at RAL; RMIB will perform the processing necessary to produce unfiltered longwave (LW) and SW radiances and TOA fluxes.
2.3.1 GGSPS products from RAL

Further details can be found in documents 6, 7, 8 and 9.

Level 1.5 involves these processing stages performed in the following order:

· Pre-calibration of GERB Data

· Processing of SEVIRI header data

· Geolocation of GERB data, incorporating optical corrections

· Total channel calibration processing

· SW channel calibration processing

· Integrating sphere processing

· Stray Light Correction

· Generation of L1.5 NANRG product

· PSF correction

· Rectification

· Generation of L1.5 ARG product (includes time averaging)

Required inputs: GERB data stream and SEVIRI header information, ground measurements of (-values, gain ratio (B).  There are two level 1.5 products.

Level 1.5 NANRG: Non-Averaged Non-Rectified Geolocated.  Filtered SW and TOT radiances.  Product of a single GERB measurement.  Filtered SW and TOT radiances each for 3 scans; geolocation coordinated (geodetic latitude, longitude) for each measured point and angles for space view pixels; onboard + UTC times for each column; East-West line-of-site position histogram and North-South speed; A
 and C
.

Level 1.5 ARG: Averaged Rectified Geolocated.  Image reconstructed to the view from satellite at an idealised longitude.  Measurements interpolated (bi-linearly) onto an equiangular rectification grid and time averaged over 3 scans (~15 minutes).  Filtered SW and TOT radiances at the same points; geolocation coordinated (geodetic latitude, longitude) for each point; standard deviations; validity flags; viewing angles (solar zenith, viewing zenith, relative azimuth) as a 15 minute average

Additionally the GGSPS will provide the following products which are obtained after RMIB processing:
Level 2 15 minute averaged flux product.

Level 2 monthly means fluxes.

2.3.2 LEVEL 2 products from RMIB

RMIB will produce synthetic longwave channel measurements, unfiltered LW and SW radiances and fluxes at GERB spatial and temporal resolution and at an enhanced spatial resolution.
A brief summary of the RMIB processing steps is included here but further details may be found in documents 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21.

Processing can be broken into three parts.

SEVIRI processing: uses SEVIRI narrow band measurements to provide ‘scene identification’, required for the flux generation, and to determine the spectral properties of the scene, required for the generation of the synthetic LW radiances and for unfiltering.

GERB processing: co-registers GERB and SEVIRI derived data in time and space and generates unfiltered broadband LW and SW radiances and fluxes at GERB space and time resolution.

Resolution enhancement: uses the GERB and SEVIRI data to produce unfiltered radiances and fluxes at higher spatial resolution, currently expected to be equivalent to 3(3 SEVIRI pixels.

Required inputs: NANRG product from RAL, ground measurements of normalised instrument spectral response (r(), SW weighting factor, A. CERES Angular Dependency Models (ADMs), narrow band radiances from SEVIRI (or initially METEOSAT-7).

There are fourteen products, differing in content and / or resolution.  These are divided into three main types according to temporal sampling and spatial resolution.

Level 2 ARG: Averaged Rectified Geolocated.  Averaged over 3 consecutive scans giving a 15 minute time resolution, geolocated on the rectified grid which is computed by RAL.  The spatial shape of one pixel is the average of the 3 GERB footprints that have contributed using bi-linear interpolation.  Unfiltered SW and LW radiances and fluxes, compatible with the filtered radiances defined by the GGSPS (L1.5 ARG); geolocation (latitude, longitude) information.

Level 2 SHI: Snapshot High-resolution Image.  Defined as a 15 minutes snapshot at SEVIRI acquisition time.  Has a spatial resolution of 3(3 SEVIRI pixels and covers an area centred over Europe.  SW and LW unfiltered radiances and fluxes, compatible with the SEVIRI radiance images which can be used together with SEVIRI derived cloud products; 

Level 2 BARG: Binned Averaged Rectified Geolocated.  Averaged over exact 15 minute bins starting at 00:00 UTC.  Geolocated on a rectified grid, approximately 5(5 SHI pixels, roughly GERB spatial resolution.  SW and LW unfiltered radiances and fluxes, designed for comparision with model output; geolocation (latitude, longitude) information.

Two additional data types are similar but contain different coverage

Level 2 ARCH: Archive.  Similar to SHI but covering full disk.

Level 2 STATION: Station data.  Main quantities extracted for a list of pre-defined pixels corresponding to existing radiometric ground stations.  Designed for validation.
2.4 Accuracy requirements

The GERB instrument was designed to provide an accurate measure of the Earth outgoing longwave and reflected shortwvae energy.  Instrument specifications require filtered radiance measurement absolute accuracy excluding noise for the shortwave of 2.4 Wm‑2sr‑1 (i.e. < 1%) and for the longwave of 0.4 Wm‑2sr‑1 (< 0.5%) with pixel noise for the shortwave of < 0.8 Wm‑2sr‑1 and < 0.15 Wm‑2sr‑1 for the longwave when averaged over three scans.
Further information is to be found in documents 1, 2, 3, 22, 25, 26, 27, 28, 30, 31, 32, 33.
3 Validation Overview
3.1 Validation tools

3.1.1 Use of model data as a transfer standard between GERB pixels and between different sensor measurements

The capability to run the UK Met Office Unified Model (UM) in radiance mode, to simulate measurements made by individual instruments will be used to provide a ‘transfer standard’ between different instruments and between GERB pixels.  Differences between model and instrument measurement will give and indication of errors due to forecasting accuracy, e.g. the location of clouds, and in modelling assumptions, e.g. the radiative transfer.  An intercomparison of the differences between GERB data and a range of instruments, will provide a basic check on the data processing and identify problematic pixels and scene types.  The routinely produced level 2 BARG product is designed for use in comparisons with model output.
3.1.2 Instruments for cross-validation

Data from other satellite instruments are the only way to directly compare TOA data products, however direct comparison is not simple because the measurements depend on: viewing geometry and solar geometry, temporal and spatial sampling, the wavelengths measured and the spectral response on the instrument.

Use of CERES data

There are currently three CERES instruments which, like GERB, are designed to produce LW and SW radiances and fluxes using similar measurement techniques and processing algorithms.  However, rather that observing the Earth from a fixed position, the satellites on which the instruments are mounted are in sun-synchronous, near-polar orbits and the CERES instruments obtain data from a variety of different viewing angles by scanning the surface.  Because of this scanning mechanism, CERES and GERB measurements may be co-located, that is viewing the same point on the surface at the same time, but obtained from different view points and therefore posses different viewing and solar geometry.

Under normal scanning conditions, when CERES is in cross-track scan mode, there is one occurrence for each orbit where the radiances observed by CERES are the same as those observed by GERB.  This gives several (6-8) times each day for which the unfiltered radiances and scene identification can be compared as a check on calibration and unfiltering for the 2 instruments.  The cross-track scan comparisons can be used for the central part of the GERB detectors only.  There are many more opportunities when CERES is in rotating azimuth or along-track scan mode.  Additionally, custom scan tables can be uploaded to CERES, and it is proposed (G. L. Smith, personal communication) for purposes of comparing GERB and CERES to define a special comparison scan mode (also called programmable azimuth plane scan).  In this mode the GERB viewing vector is used as one of the points to define the CERES scanning plane.  This requires a continuous rotation of the scan plane as CERES orbits, to match each of the GERB pixels viewing the same region.  Such a pattern would provide a co-angular co-located measurement with GERB for each CERES scan.

As CERES is designed to measure the same quantities as GERB it is the most natural choice of instrument for cross comparison.  CERES provides the most direct comparison with GERB unfiltered radiances and fluxes, and because of the ability of the CERES instrument to vary its scanning pattern, GERB viewing geometry can also be matched.  As CERES orbits, its measurements can be used to compare against different GERB pixels, providing a transfer standard between pixels.  Detailed comparisons, at well characterised sites and involving other instruments would provide a simultaneous and independent measure of the accuracy of the two instruments.  Despite their similarity, even for a CERES-GERB spatial, geometry and temporally matched comparison, knowledge of the spectral and spatial variation of the scene is still required so that the different spectral response and point spread functions of the instruments can be taken into account.  Any comparisons between the two instruments should be considered as a joint validation of the measurement accuracy of the two instruments, but can not fully validate the accuracy of the processing as this is similar for both data sets
Once the unfiltered radiances have been compared, a comparison of CERES and GERB fluxes for co-located views for different CERES viewing angles (i.e. different radiances), will provide a measure of the accuracy of the ADMs used to convert from radiance to flux.  Given enough pairs of such measurements, if the accuracy is not adequate the ADMs can be upgraded.
The error in the assumed ADM is the major contribution to the error in the derived instantaneous fluxes at the TOA.  The effect that this error has in regional time averages of the fluxes is particularly serious for a radiation instrument in geosynchronous orbit.  In this case a given site is viewed at a constant view zenith angle and for this site the relative azimuth angle is uniquely related to the solar zenith angle. (To be correct we must separate morning and afternoon, else the relation is bi-variate.).  For sun-synchronous spacecraft a given site will be viewed from several directions, so that some cancellation of errors will occur in computing a monthly-mean albedo.  For the polar orbiting CERES instrument the problem of temporal interpolation is more acute as there are longer time periods between measurements than for GERB.  The two types of measurements are therefore quite complementary, and comparisons will improve the data products of both instruments.
Narrow band to broad band comparisons
Through modelling, broad band radiances and fluxes can be derived from narrow band radiance measurements.  Thus GERB-like data derived from narrow band measurements from SEVIRI / METEOSAT-7, MODIS and AATSR can be compared to GERB unfiltered radiances and fluxes.

As part of the GERB – SEVIRI / METEOSAT-7 operational processing, temporally and spatially co-located GERB filtered SW and LW radiances and SEVIRI / METEOSAT-7 based estimates of these radiances are extracted.  Time co-location is done by taking 15 minute means of the GERB measurements and by interpolating the SEVIRI measurements to the GERB 15 minute intervals.  Spatial co-location is performed by convolution of the SEVIRI measurements with the GERB PSF.  Co-located GERB and SEVIRI measurements are always co-angular, since both instruments are on the same satellite.
Cross comparison between SEVIRI GERB-like radiances and CERES measured radiances allows the differences due to GERB calibration to be separated from the differences due to the narrow-band to broad band conversion.
Repetition of the comparison for GERB products at different spatial resolutions, and for different temporal interpolation allows the errors in resolution enhancement and temporal interpolation to be investigated.  In this regard it would be advantageous to also obtain surface characterisation at different spatial scales.
Additionally, the previously validated and accurate AATSR data can be used both to provide absolute calibration for SEVIRI and with similar processing techniques can provide an additionally source of GERB-like fluxes, using dual viewing capability of AATSR to provide a different view point.
Multi-instrument intercomparison
Data products from satellite borne spectrometers, like SCIAMACHY and MERIS on ENVISAT-1 and AIRS on Aqua will be compared with GERB and SEVIRI products.  Although the absolute accuracy is not as high for these instruments as that required for GERB, they provide spectrally resolved measurement over a wide spectral range and the relative accuracy between different channels is good, thus they can provide a good indication of the spectral variation of the scene.  Used in conjunction with measurements that are spectrally limited but of high accuracy, e.g. AATSR, a better absolute estimate of the radiances can be obtained.  This will allow the response of different GERB pixels to be compared, and identify problems with specific scene types and with reference to stable sites, used to monitor instrument performance, and changes to the spectral response, over time.  It can be used to validate the GERB spectral unfiltering and separation of the LW channel.

With the use of well characterised sites, the performance of different instruments can be compared.  Observations from many instruments can be used to build a model of how the site looks under different viewing conditions, at different seasons and times of day and in different spectral regions.  This data can be used to monitor instrument performance and data quality both instantaneously and longer term.

The additional use of climate model data (as described in 3.1.1), to provide a transfer standard between different instruments can greatly aid in this comparison.
3.1.3 Use of surface measurements

Well characterised sites and scenes
These sites will be used for intercomparisons between many instruments, and model data and for long term monitoring.  Use will be made of the fact that different GERB pixels view the same region as due to orbital effects to compare the response of different GERB pixels (this variation is particularly large immediately post-launch due to the position of the satellite).
Stable desert sites, which will correspond where possible and appropriate to those used for the vicarious calibration of ENVISAT instruments, will be used, these include sites in the Sudan, Libya, Arabia and Algeria.  For longwave measurements (TOT night time and LW daytime data) additional use of clear atmosphere ocean scenes will be made, particularly where nearby atmospheric profiles and surface temperature estimates are available.  Large scale calibration sites will also be used.  Preferred measurement sites will be the Valencia and Castilla-La Mancha regions, with two and three anchor stations respectively, the Belgian radiometric plus synoptic observation sites, BALTEX radiometric sites and BSRN sites. The Castilla-La Mancha region has been fully analysed as a study area through the EFEDA (ECHIVAL Field Experiment in Desertification-threatened Areas) RESMEDES (Remote Sensing of Mediterranean Desertification and Environmental Stability) and RESYSMED (RESMEDES Synthesis of Change Detection Parameters into a Land-Surface Change Indicator for Long-Term Desertification Studies) Projects, from 1991 to 1999. Besides this, the Castilla-La Mancha region has previously been used as a current calibration target for different METEOSAT visible channels. The region is fairly flat (600 - 900 m above sea level) and covers around 40000 km2.

The University of Castilla-La Mancha (School of Agronomical Engineering) have set up three Anchor Stations in three different areas in the region, namely Tomelloso (mostly vineyards and dry winter cereals), Barrax (extended intensive irrigation area for cereals, maize,...), and El Bonillo (sabine, oak and pine forests), which have been operational from 1995.
The Valencia Anchor Station has also previously been the study area of other projects carried out by the University of Valencia.  The whole region is very well documented as regards soil types, fisiography, different risks maps, etc.  he University of Valencia has recently set up a robust Anchor Station where, besides conventional meteorological measurements at two different levels ( 2 and 15 m) and in the soil, the area is currently been characterised at different spatial scales around the actual station.  Very shortly, the Anchor Station will be implemented with a GPS receiver to estimate precipitable water content, and with a combination of radiometers designed at RMIB (D. Crommerlynck, personal communication) which will allow the measurement of atmospheric radiation divergence from ground level and from an aerostatic balloon.  It is also planned to run a high resolution meteorological model (MM5) over the GERB pixel size area around the Anchor Station during special observation periods that could be defined simultaneously for GERB and SEVIRI, CERES and AATSR.

High resolution spectral measurements at the ground should also be available with different continuous and band radiometers.

The final objective of the Valencia Anchor Station site is to fully characterise an area of about the size of a GERB pixel at that latitude that could be used as a reference site for GERB and SEVIRI.
Comparisons using ground station measurements will be made using the level 2 STATION data, which contains the main quantities extracted for a list of pre-defined pixels corresponding to existing radiometric ground stations.

For instantaneous LW comparisons, high clouds will be used as these lie above much of the atmosphere and their signal is close to that of a black body.  This helps to minimise the uncertainties in modelling unobserved spectral regions and in correcting for different instrument spectral response.

Field campaigns and ground station data
GERB’s participation in field campaigns designed to measured atmospheric radiation and state are planned as part of the validation process.  The first such campaign will take place at the Valencia Anchor station described above from 14th to 30th June 2003.  During this period GPS precipitable water content measurements will be available and daily LIDAR observations will be made at the site from 14th to 20th June.  Radiosondes will be launched to coincide with the Landsat overpass of the region which occur on 14th and 30th June.  From 18th to 24th June and twice daily radiosounding will be made at approximately 10:30 and 13:30 UTC to coincide with Terra and Aqua overpasses.  CERES data will be available for the whole period will data for 14th, 18-24th and 30th June obtained using a CERES PAPS scanning mode specified for the validation site to provide co-angular observations with GERB for the region.  SEVIRI, AATSR, MERIS and POLDAR data are being requested for the period to aid in the validation study.
In addition GERB is expecting to participate in Met Office BAES 146 measurement campaigns planned during the 2003 and 2004.  The aircraft is currently being refitted and acceptance tests are expected in late autumn 2003 during which time some ad-hoc flights may be possible that would provide input for GERB validation activities.  In June 2004 GERB will participate in the EU CAPEX campaign based out of Portugal which is studying clouds and radiation.  In August and September 2004 the ADRIEX campaign will make a study of the clear-sky aerosol effect and in October 2004 the EQUATE campaign will look at clear sky spectroscopy, cirrus clouds and land surface spectral emissivity both of which are expected to provide useful data for GERB validation studies
3.2 Methods and measures of success
The GERB validation process has been separated into two main phases (1 and 2), in addition to consistency checks and commissioning activities (Phase 0 validation), and on-going validation activities (Phase 3).
Immediately after launch and commissioning activities, Phase 1 validation will provide a rapid, although cursory, and somewhat qualitative validation of the GERB data.  The aim of this phase is to arrive at a certain level of confidence that the GERB instrument and processing algorithms are providing sensible output that is broadly comparable to other similar measurements.  Phase 2 will then take a stepwise approach, validating each step of the GERB processing chain and attempting to place bounds upon the accuracy.  Phase 3 is envisaged as a continuing process which, in addition to routine monitoring, will attempt, by more detailed and specialised measurement, to update and narrow the bounds determined in Phase 2.
From a scientific point of view, the GERB data products of greatest interest and therefore the highest priority to validate are the unfiltered radiances and fluxes.  From a processing point of view the most direct comparison would be between the highest level products, i.e. fluxes from GERB and CERES.  These are required to be independent of viewing angle or instrument effects, thus the only remaining discrepancies outside their required accuracies should be due to a mismatch in spatial and / or temporal sampling.  However, as previously explained, these two measures are not independent.  GERB fluxes are generated using angular dependency models (ADMs) derived from CERES and based on the same process of scene identification with narrow band radiometers.

The next simplest validation would be between GERB and CERES unfiltered radiances.  In this case the additional condition of matched viewing geometry needs to be met, but both measures are required to be independent of instrument effects.  There is a lesser relationship between these quantities, but neither can these be considered to be wholly independent as the two instruments share much of the same technology and processing methodology, for example the separation of LW radiances from TOT by the subtraction of a weighted SW measurement obtained with the insertion of a quartz filter and the use of regression relations fitted to a database of 'Earth' radiance spectra to unfilter the radiances.  Thus, such comparisons if favourable would not constitute an independent validation and if unfavourable would be inconclusive as only two instruments with comparable accuracy are being used.

Nevertheless, the relative directness and simplicity of the comparison is attractive.  Therefore despite the shortcomings, Phase 1 validation will make comparisons between co-located CERES and GERB radiances and fluxes in addition to model output and SEVIRI or METEOSAT-7 measurements as a first check on data quality.

In order to provide a more conclusive validation and to identify the steps responsible for discrepancies, a step-wise bottom up approach is taken to the validation process in Phase 2.  This should provide the greatest confidence in the final and intermediate data products, and provide input to future improvements in processing methodology.

3.2.1 Phase 0 activities and measures of success

Phase 0 activities consist of pre-launch consistency cross checks and commissioning activities.

Details of planned consistency cross checks to be included here TBD.
Commissioning calibration validation activities will consist of the following tests:

Detector alpha values tests

Integrating sphere properties determination

Deep space pixels observation & variation of black body temperature tests (gain, offset, linearity)

Lunar observations

Point spread function observations 
Tests 2, 3 and 4 will be repeated at regular intervals throughout the life of the instrument.

Full details of the planned commissioning activities are to be found in document 24.
3.2.2 Phase 1 activities and measures of success

Phase 1 validation will include:
Validation of the geolocation

Model output and GERB filtered radiances (level 1.5 NANRG) will be compared for cloud free pixels over well defined geographical features (islands and coastlines).  The effect of jitter and smear will be assessed using these features.
Measure of success will be:

the position of the feature is to within required accuracy for geolocation and the error inherent in the comparison used

Validation of rectification and averaging methods.

GERB level 1.5 NANRG radiances will be compared to level 1.5 ARG radiances for cloud free and cloudy scenes.  This comparison will identify any systematic differences between them and consider the magnitude of the effect of parallax for cloud observations.  At this point it is unclear if this comparison will be valid for unfiltered radiances due to the variation of the spectral response with pixel.  It may be necessary to either unfilter the NANRG radiances and compare with the level 2 ARG unfiltered radiances, or to factor in the effect of averaging by comparison of both products with model data as detailed in the ‘Check for gross errors in GERB filtered radiances’ below.
Measures of success will be: 

geographical features remain within the accuracy as above

region averages for the level 1.5 NANRG and ARG radiances are not significantly different

the average over time (and pixel location) for a particular pixel in the NANRG and the average over the same time period for the same regions in the ARG differ as expected.  On the last point, the expected difference needs to be defined with and the effect of variation in the spectral response with pixel must again be considered.
Check for gross errors in GERB filtered radiances

The UM will be run in radiance mode to simulate the observations of GERB, CERES, MODIS and SEVIRI/METEOSAT-7.  For each instrument model and measurement will be compared.  The difference between the comparisons will provide a check for consistency between GERB filtered radiances TOT, LW and SW) and the other instruments.  It will flag any bad GERB pixels and gross processing errors and identify scenes causing serious errors in the synthetic LW channel.  This is an example of the model being used as a transfer standard between different instruments; this is discussed further in section 3.1.1.
Separate comparisons for level 1.5 NANRG and level 1.5 ARG products will be made to further identify any problems with the averaging or rectification.  Ideally the comparison should be made post rectification pre-averaging in the first instance in order to identify any problems with the rectification process as distinct from the effect of averaging.  As noted previously, variations in the spectral response of the pixels contributing to the average rectified product may have to be considered more carefully in the analysis of these results.  In addition the model output simulating the NANRG measurements will be processed in the same manner as the GERB data to produce a model 1.5 ARG product.  This will be compared to the model output directly simulating the 1.5 ARG data, and both these versions of modelled 1.5 ARG data will be compared to the GERB 1.5 ARG data.  This comparison will highlight any processing problems and help separate the effects of the processing from the effects introduced by bad GERB measurements.  It may be useful to carry out this comparison before the comparison of the level 1.5 ARG and NANRG products as it will provide information on the effect of different pixel spectral response.
Measures of success will be: 

· the systematic difference between the model minus CERES and model minus GERB is not much greater than the combined accuracies or can be explained in terms of viewing geometry, or, by cross comparison with the model minus the narrow band measurements, are not attributable to GERB.
· the difference between the 1.5 NANRG and 1.5 ARG comparisons is within the accuracy requirements.
Phase 1 check of GERB unfiltered radiances and fluxes

GERB and CERES unfiltered radiances and fluxes and scene identification will be compared for co-located and co-angular observations.  Additionally fluxes will be compared for co-located observations for different viewing angles, as a function of observation angle.  More detail on the use of CERES data can be found in section 3.1.2.
Synthetic broadband radiances and fluxes derived from SEVIRI or METEOSAT-7 radiances will be compared with GERB radiances and fluxes, and as a baseline between selected co-located, co-angular CERES and MODIS observations.
For all these comparisons, differences will be analysed as a function of scene type to identify scenes causing specific problems with the unfiltering.  Separate analysis will be made for special sub-categories of scene, for example, over spatially homogeneous cloud-free oceans, at stable cloud free sites or over thick high cloud tops (see section 3.1.3 for more details of these sites).  This will help to distinguish the problems caused by inexact co-location or narrow to broad band conversion, from actual problems with the data.  In order to distinguish systematic differences the instantaneous differences will be compared to time averages as a function of scene type, and if possible for each GERB pixel (the latter would require unfiltering of the NANRG product).  Averages over stable sites will be analysed to investigate variability and identify anomalous pixels.
Measures of success will be:

· for co-located co-angular observations GERB and CERES unfiltered radiances agree to within their uncertainties and the difference expected due to temporal and spatial mis-match.  
· the scene identification from MODIS and SEVIRI/METEOSAT-7 for co-located co-angular measurements are consistent and the differences between GERB and CERES fluxes derived from co-located co-angular observations are small.  Note that these differences should be rather less than the errors expected in the fluxes as they are derived from the same sources and methods and should be comparable to the differences in the radiance measurements.

· for time averages over each scene type the systematic difference between GERB and CERES unfiltered radiances and fluxes is small.
· the difference between GERB and CERES co-located but different angular observations are within the uncertainties expected in the fluxes and the errors expected by scene mis-match.
3.2.3 Phase 2 activities and measures of success

Phase 2 validation activities will include
Validation of the use of SEVIRI data
Co-angular, co-located SEVIRI and AATSR observations will be compared for a range of viewing conditions.  After correction for differences between the two instruments the ratio of the two will provide absolute calibration factors for the SEVIRI channels.
Comparisons will be made over well characterised sites.  These will be chosen to be spatially uniform to minimise spatial co-location uncertainty; and stable to allow averaging over time.  They will be free from cloud or major aerosol events and previously well characterised in terms of their surface spectral properties.  The availability of auxiliary measurements of atmospheric state and surface temperature will be sought where possible.

A variety of sites will be used with differing spectral characteristics.  For the short wave channels, desert sites will be used with additional comparisons made over salt lakes as these have different reflection properties at 1.6(m compared with sand or rock deserts.  These will allow verification of the SEVIRI 0.6, 0.8 and 1.6(m channels.  For the longwave, ocean regions will be defined and the tops of high clouds will be used, as these are less affected by atmospheric effects.  Comparisons will also be made over the dedicated validation site in the Valencia Anchor Station region.  More details on the use of well characterised sites is given in section 3.1.3.
Because the spectral response of the SEVIRI and AATSR channels are not identical, some modelling will be required to obtain an exact match.  This will include the use of surface properties from the chosen sites and also require atmospheric modelling, as, for example, the SEVIRI 0.8 channel is subject to more water vapour absorption that the AATSR channel.  ECMWF humidity fields will be used and the sensitivity of the comparison to the errors expected in these determined.  Where available, auxiliary measurement in the region of the ground site will also be used (precipitable water content from the GPS receiver, sun-photometer, and spectral reflectance measurements are available at the Valencia Anchor Station site).
For the same sites further comparisons will be made for MODIS observations.  This will provide from AATSR an absolute check on SEVIRI data and a consistency check between SEVIRI and MODIS.
Scene identification using SEVIRI will be compared to identification using METEOSAT-7 (if both operating simultaneously) for consistency.  Additionally, if METEOSAT-7 was used during Phase 1 comparisons a consistency check between the scene identification from MODIS and SEVIRI will be made here to ensure that for co-located co-angular views the same identification is made.

Measures of success will be:

· after the comparison and calibration of SEVIRI with AATSR, AATSR and SEVIRI measurements compare to within instrument and modelling uncertainties and differences caused by scene mis-match over the full range of instrument operation.  If larger differences are found it must be ensured that these do not impact on the accuracy with which SEVIRI data can be used to unfilter GERB radiances and provide scene identification. 

· AATSR, SEVIRI and MODIS comparisons at well characterised sites averaged over many observations as function of viewing geometry, show no or an explainable/acceptable level of systematic difference.  Similarly these differences for different viewing angles must be small enough not to impact on unfiltering or scene identification for the ADM application.

· either there is no difference between SEVIRI and METEOSAT-7 scene identification, or if differences are found they can be explained by viewing geometry and/or the SEVIRI ids provide better agreement to MODIS.  Any significant differences must be reported and data using METOSAT-7 flagged.
· there is no difference between SEVIRI and MODIS scene identification or differences result in negligible errors in unfiltering, and flux generation.

· Any trend in the MODIS – SEVIRI difference with viewing geometry of pixel is insignificant.

Validation of the filtered and unfiltered radiances for limited conditions.
Detailed multi-instrument and model comparisons and off-line modelling will be used to determine the accuracy of the GERB radiances for a limited range of conditions.  The use of the UM as a transfer standard between instruments as in Phase 1 will be repeated but in this instance additional comparisons will be made for forward and nadir views from AATSR, AIRS, all (or most) of the MODIS channels, MERIS and/or SCIAMACHY data and if feasible LANDSAT and SEAWIFS measurements.  In addition to providing more information on the GERB data accuracy, this effort will identify the most reliable instruments and channels and best conditions for direct comparison with GERB.
Pending the outcome of the above comparison, direct comparisons between selected instruments, channels and viewing conditions will be made over well characterised cloud free sites.  Modelling will be used to convert these instruments measurements into GERB type radiances and fluxes.  Additional comparisons for high clouds, for night-time TOT and day-time LW radiances will validate the accuracy of the TOT channel in the longwave and the synthetic longwave channel.
The approach to these multi-instrument comparisons is discussed in section 3.1.2
Measures of success will be:

· comparisons for TOT, SW and LW radiances show differences within the specified accuracy of these products and uncertainties inherent in the comparison method.

· the systematic difference between the comparisons for TOT and LW radiances over high clouds are not significantly greater than the difference between the TOT and LW accuracy requirements.

· seasonal and diurnal variation in the comparison at well characterised sites is small can be explained by modelling and modelling errors.

· over time, the average difference at well characterised sites are small.

Validation of the unfiltering process and unfiltered radiance values for a wide variety of scene types
For a variety of scene types differences between GERB measurements and GERB-like measurements derived from different instrument LW channels (selected from previous intercomparison) will be compared separately for TOT channel night-time and LW channel daytime filtered and unfiltered radiances.
Scene types and viewing conditions identified as problematic in phase 1 will be further investigated.  GERB measured SW and GERB-like SW filtered and unfiltered radiances derived from SEVIRI will be compared.  Using additional data sources the errors associated with the generation of the GERB-like data from SEVIRI will be quantified and the effect of scene mis-match determined. 

Measures of success will be:

the difference between the comparisons for TOT and LW radiances are within the differences expected due to instrument accuracies and comparison assumptions for each scene type.

differences for problematic scenes will be shown to be within the uncertainties inherent in the comparison.  If not the unfiltering will be evaluated, if some scene types can not be made to agree satisfactorily these will be flagged in the data.
Validation of the GERB fluxes

GERB fluxes, will be compared to GERB-like fluxes derived from SEVIRI and AATSR forward and nadir radiances, as a function of solar geometry for a wide variety of scenes.  The additional use of AATSR dual view measurements will help separate angular effects from diurnal variation in the fluxes, and comparisons using instruments with a greater range of spectral measurements will be used to determine the errors inherent in the generation of the GERB-like fluxes, due to the narrow to broadband conversion.
At well characterised, cloud free sites short burst (one or two weeks) comparisons will be made between a wide variety of different instruments.  This will build up a picture of the angular and spectral distribution of the site, and the diurnal and natural variation of its properties on this timescale.  In addition it will identify problems in the offsets between the absolute calibrations of different instruments.  A comparison between the model built up from this data and the ADMs used to derive fluxes for this site will be made.  The data will then be used synergistically to model the fluxes that would be expected from GERB for that site and compared to the actual derived fluxes.  CERES fluxes will also be compared to these simulations and GERB fluxes as a cross check.
For cloud free scenes, long term comparisons using SEVIRI and AATSR data and UM output will be made for GERB fluxes at well characterised sites as a function of viewing geometry to investigate seasonal and diurnal effects.
Any problems identified in the comparison of GERB and CERES fluxes carried out in phase 1 will be further investigated.  This will be achieved by comparison of GERB and CERES fluxes with UM output and fluxes generated from different viewing geometries, e.g. AATSR forward and nadir views.

A complete investigation of the systematic errors introduced due to fixed geostationary viewing geometry for GERB and temporal interpolation for CERES will be made by comparisons of long term averages or fixed time region averages.  This investigation will be a collaborative effort between CERES and GERB validation teams.
Measures of success TBD

Field campaigns

Data from dedicated field campaigns will be used to provide an additional check on each one of the quantities validated above using model and satellite data.
3.2.4 Phase 3 activities and measures of success

Phase 3 activities consist of long term and ongoing comparisons, in addition to participation in specific field campaigns as these become available.
Long term monitoring of GERB and SEVIRI

Time series of the ratio of SEVIRI to GERB LW and SW measurements will be extracted for a variety of well characterised scenes, see section 3.1.3.  For SW comparisons, time series of these co-located measurements will be extracted over desert sites, which will correspond to those used in the calibration of SEVIRI by AATSR as described in section 3.2.3.  For LW comparisons, time series of these co-located measurements will be extracted over clear sky ocean scenes for reference geographical boxes.  Additionally the differences between GERB and SEVIRI based GERB-like radiances for the tops of cold clouds will be monitored.  The LW comparisons will be separated into night time TOT and daytime LW data.
A composite time series will be determined as a weighed mean of the instantaneously available regions.  As far as possible, in the weighted mean ratio an equal weight will be given to the northern and southern hemisphere regions, so that solar zenith angle effects or other seasonal effects are minimised. After one year of data collection, the time series of SW and LW ratios will be investigated for any remaining seasonal effects.  These seasonal effects will be removed as much as possible.

After the removal of the seasonal effect the SEVIRI to GERB ratio curves should be ideally flat.  Deviation from this ideal case indicates ageing and/or spectral shifts.  When the deviation exceeds a pre-set threshold (TBC SW: 1%, LW: 0.5%), phase 2 comparisons, described in section 3.2.3, between SEVIRI, AATSR, MODIS and GERB should be repeated.
SW channel monitoring with CALMON and Lunar scans

TBD
Repeated tests and continuing activities
TBD
Participation in ad-hoc field campaigns

TBD
3.3 Validation Schedule 

3.3.1 Summary

Phase 0: Pre launch and commissioning

These activates start prior to launch with the ground consistency checks.  Commissioning starts after launch and GERB turn-on (TO) in orbit, currently given a mid August launch date commissioning is planned to start at the beginning of November and to last for one month.

	
	Check
	Quantities tested
	Data requirements

	(i)
	Ground consistency check
	Unit level spectral response
	S & L-band telemetry

GERB raw data

	(ii)
	Commissioning: instrument functional tests
	Instrument modes and command execution
	

	(iii)
	Commissioning: instrument calibration tests
	
	


Phase 1: Instrument functionality and basic data quality.

This phase will start TO + 1 month and continue to TO + 5 months (checks (iii) and (iv) to be repeated for SEVIRI data, if METEOSAT-7 data is used for initial processing).  Basic confidence in the data products is expected TO + 4 months
	
	Check
	Quantities tested
	Data requirements

	(i)
	Geolocation validation
	PSF
Geo-location algorithms.
	Level 1.5. NANRG,
Co-located higher spatial resolution measurements (e.g. SEVIRI / METEOSAT-7)

Level 1.5 and level 2 ARG and BARG radiances and fluxes

Co-located CERES radiances and fluxes

UM output

	(ii)
	Rectification & averaging validation
	
	

	(iii)
	Basic check of filtered radiances
	
	

	(iv)
	Basic check of unfiltered radiances and fluxes
	
	


This phase will provide a basic check on the quality of the instrument and processing.  Tests will allow grossly erroneous pixels to be flagged and identify any major flaws in the geolocation, regridding or averaging procedures.  The cause of discrepancies arising for tests (iii) and (iv) would not be determined by these phase 1 comparisons, however if the cause is specific to scene type or conditions, or channel separation this will be identified.  Outcomes of this phase should be a basic confidence in the instrument data quality and validation of the geolocation and averaging at level 1.5.  It should be possible to provide a value on the absolute difference between CERES and GERB radiances and fluxes, both for an individual measurement and as an average for each scene type and / or viewing geometry.  However, it will not be possible to relate this difference to the instrument accuracy as it includes errors due to any mismatch in the angular, spatial or temporal viewing conditions.  Nor can a good agreement be considered a definitive validation as the two instruments share many measurement and processing methodologies.

Phase 2: Step-wise validation

This phase is expected to start TO + 5 months; it requires regular availability of SEVIRI data thus may be delayed / advanced by 1 month depending on when this is available.  Intensive activities are planned for 5 months (up to TO + 10 months) with a field campaign to follow (details TBD).  Analysis, repeated measurements and continuing tests will continue in this phase until TO + 14 months.
	
	Check
	Quantities tested
	Data requirements

	(i)
	SEVIRI validation
	SEVIRI calibration
SEVIRI – MODIS scene ID
SEVIRI measurement processing

SEVIRI – GERB co-location
	(METEOSAT-7 data)

SEVIRI data

MODIS data

AATSR data

Level 1.5 GERB NANRG and ARG radiances

Level 2 GERB radiances and fluxes

Auxiliary ground measurements / atmospheric property fields.

UM output

Data from other instruments (see appendix)



	(ii)
	Limited validation of filtered and unfiltered radiances
	NANRG filtered TOT & SW

ARG filtered TOT and SW

Filtered synthetic LW

Level 2 radiances and fluxes
	

	(iii)
	Validation of unfiltereing and wider validation of unfiltered radiances
	LW filtered and unfiltered

SW unfiltered radiances
	

	(iv)
	Flux validation
	SW and LW fluxes
	

	(v)
	Field campaigns
	All (TBD)
	


This phase will use cross checks between a variety of different instruments to place uncertainty bounds on the comparisons themselves and validate the accuracy of the GERB data products for a limited range of situations to the level that the comparison method allows.

Phase 3: On-going validation activities

TBD

This phase will commence at TO + 14 months and continue in some form for the life of the instrument.  The planned activities in this phase will build up a more precise picture of instrument accuracy and provide a more statistically significant picture of instrument performance.  The comparisons made in phase 2 will be augmented with data from field campaigns and new satellite instruments as opportunity, manpower and funding allow.  Additionally a repetition of the standard commissioning calibration tests will be made at regular intervals.  Long term monitoring of instrument stability and data quality will be achieved by comparisons at stable sites and continuing cross checks with a variety of instruments.
3.3.2 Timescale
The following timescale is intended as a rough guide only and covers validation phases 0, 1 and 2.  It has been updated to account for the actual turn of the GERB instrument and its operation in SAFE mode during the eclipse season.  Black indicates the primary intensive validation activities, grey indicates repeated, or continuing validation activities.  Expected data analysis times which lie outside of the validation activity times, are noted as diagonal hatching, some analysis tasks require other measurements and validation before they can be completed.  Specific validation activities which include ground measurements in which the GERB team are participating are expected during June 2003, June 2004, August/September 2004, October 2004.

	Activity
	2003
	04

	
	15-31 Jan
	* 1-10 Feb
	10 Feb-28 April
	** May
	June
	July
	(Aug
	Sep
	Oct
	Nov
	Dec
	Jan

	Phase 0 
(ii) and (iii)
Comissioning
	
	
	Eclipse season  - GERB in SAFE mode; no Science data
	
	
	
	
	
	
	
	
	

	Phase 1 
(i) and (ii)
NANRG & ARG
	
	
	
	
	
	
	
	
	
	
	
	

	Phase 1
(ii) and (iii)
Data quality
	
	
	
	
	
	
	
	
	
	
	
	

	Phase 2
(i)
SEVIRI & GERB/SEVIRI co-location
	
	
	
	
	
	
	
	
	
	
	
	

	Phase 2
(ii) and (iii)
LW & SW radiances
	
	
	
	
	
	
	
	
	
	
	
	

	Phase 2
(iv)
Fluxes
	
	
	
	
	
	
	
	
	
	
	
	


Likely and actual dates of GIST meetings are indicated: 
* First light meeting 5th Febuary

** Validation meeting 14-16 May

( RAL GERB data meeting Sept 2003
4 Glossary
AATSR
Advanced Along Track Scanning Radiometer
ADM
Angular Distribution Model
AIRS
Atmospheric InfraRed Sounder 
ARCH data
Averaged Rectified 
BARG data
Binned Averaged Rectified Geolocation GERB unfiltered radiances and fluxes
CALMON
CALibration MONitor
CERES
Clouds and Earth’s Radiant Energy System
ENVISAT 
ENVIronment SATellite
GERB
Geostationary Earth Radiation Budget experiment
GGSPS
GERB Ground Segment Processing System
IBB
Internal Black Body
LW
Longwave
MERIS 
Medium Resolution Imaging Spectrometer
MODIS
MODerate resolution Imaging Spectroradiometer
MSG
Meteosat Second Generation
NANRG data
Non averaged non rectified geolocated level 1.5 GERB filtered radainces
PSF
Point Spread Function
SCIAMACHY 
SCanning Imaging Absorption SpectroMeter for Atmospheric CHartographY
SeaWIFS
Sea-viewing Wide Field-of-view Sensor
SEVIRI
Spin Enhanced Visible and Infrared Imager
SHI data

STATION data

SW
Shortwave
TOA
Top of atmosphere
TOT
Total channel

UM
Unified Model
5 Appendices
5.1 Data product uncertainty breakdown

5.2 Details of designated ground sites

5.3 Corollary data and Instrument characteristics
5.4 Contacts

5.4.1 GERB validation working group
5.4.2 SEVIRI instrument contacts
5.4.3 CERES instrument contacts

5.4.4 Links to other instruments and validation projects















� Ratio between GERB filtered TOT radiance and GERB filtered SW radiance for a 5800 K black body, used for the definition of the GERB synthetic LW filtered radiance.


� Ratio between GERB filtered SW radiance and GERB filtered TOT radiance for a 300 K black body, designed to monitor longwave leakage of the GERB quartz filter.


� It has been suggested that the integrating sphere be used as an absolute calibration source for the determination of inflight ‘A’ values.  However, this would require knowledge of the spectral and spatial distribution of the output of the solar diffuser sphere.  As the sphere is intended as a monitoring, rather than calibration device such pre-flight characterisation of its properties was made.
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