X. ISSWG-16 Report of Session on Climate (R. Saunders)

X.1 Introduction

Roger Saunders started by giving a short introduction showing the good and bad points about using IASI for climate datasets that can be summarised as: 

Good points:

· IASI is on operational satellite so long term continuity (2005 - 2020)

· High spectral resolution able to pick out ‘signatures’ of climate change

· Synergy with other sensors on METOP

· Well calibrated and characterised

Bad points:

· Poor diurnal sampling only 2 observations/day

Question posed:

· Are infrared sensors as stable as microwave for long term monitoring?
He also demonstrated the process by which satellite data can be used for validating climate models as outlined by Goody et. al, (BAMS, 83, 873-878, 2002). Finally he listed a number of points for consideration by EUMETSAT and CNES pertinent to the production of climate datasets from IASI. They are:

· Careful pre-launch characterisation of sensor

· Maintain a stable orbit (crossing time and height)

· Ensure overlap of same sensors > 6 months and compare with similar sensors (e.g. CrIS, SEVIRI)

· Complementary in-situ measurements for validation
· Provide capability in ground segment for climate dataset generation in real time (e.g. ISCCP for GEO’s) or delegate to a SAF
· Log all changes to processing of climate products and don’t make too many! (Metadata)
· Consider regeneration of products in future (e.g. TOVS pathfinder, Meteosat winds for ERA-40)
X.2 Summary of presentations

There were 11 presentations which were relevant to this session. The details of each can be found on the CNES/EUMETSAT servers. A synthesis of each talk in the appropriate climate dataset category is given below. 

 x.2.1 Cloud parameters

Jacqui Russell (Imperial College) showed a scheme for the retrieval of cloud properties from IASI. She showed how the selection of 4 pseudo-channels could maximise the sensitivity of IASI radiances to cloud. She used DISORT and (-IASI to simulate cloudy radiances for a variety of clouds.  The results showed that the upwelling brightness temperature below the cloud can be retrieved within 1.5K for >70% of situations, cloud transmittance to within 10% and cloud particle size to within 5 microns for >70% of situations. 

Jonathon Taylor (Met Office) described aircraft observations of cirrus cloud with the ARIES interferometer on the Met Office research aircraft. He showed an inconsistency between short-wave visible and long-wave infrared retrievals of re and optical depth for hexagonal columns/aggregate crystals. However consistency could be demonstrated when roughened surface aggregate crystals were assumed. He made the point that you must measure at both wavelengths to unambiguously retrieve the ice crystal structure.  

Lüder Von Bremen (ECMWF) described the synthetic dataset of IASI+AMSU+MHS radiances computed at ECMWF. He used RTTOV-7/RTIASI-3 with RTTOVCLD and simulated radiances for a NOAA-17 orbit (similar to METOP). The dataset of level 1c IASI+AMSU+MHS radiances is in BUFR. There are 7 orbits of sampled data (1 in 16) for 3 July 2002 giving 470MB/orbit. In addition there is a dataset with all IASI data (i.e. no sampling) for 17 minutes giving 310MB of data. He noted controversially that scattering is only important below 4.5 micron wavelengths. The validation of the simulations with an independent cloud scheme gave good agreement. The dataset is available from EUMETSAT on request. More validation of the dataset is planned. The ISSWG were encouraged to have a look at this dataset. 

x.2.2 Trace gases

Cathy Clerbaux (SA) outlined her scheme for doing retrievals of CO, CH4 and O3 from IASI radiances. It is based on neural nets to retrieve total column amounts of each gas and in addition for ozone the amount below 12km. She has converted the IMG spectra to IASI spectra and uses the latter for the retrievals. She then assimilates the retrievals into a model to produce analyses, which were shown. CO and CH4 are hard to validate as you can only use the surface network, which is sparse and inhomogeneous. For O3 total column it is possible to validate with TOMS retrievals which was also on the same platform as IMG, ADEOS-1. Direct radiance assimilation is planned for the future. 

Noelle Scott (LMD) described encouraging results of doing CO2 retrievals from TOVS radiances. The method is based on a neural net with HIRS+MSU radiances as input and total column CO2 as output, along with recomputed input radiances to provide a check. The retrievals were made for the 1987-1991 pathfinder period. She was able to perform a convincing validation in latitude bands using recent Japanese aircraft data. There are plans to use AIRS radiances with 43 channels selected for CO2 retrievals that are expected to have an improved accuracy. 

Alexander Uspensky (Roshydromet) described some work on ozone retrievals for IASI using Rodger’s information theory. He showed there is a maximum of 4 pieces of information below 50 km. The accuracy is 5-10% above 10km but you must do a simultaneous retrieval of temperature and ozone. 

x.2.3 Aerosols 

Michèle Vesperini (LOA) described the retrieval and validation of POLDER products, primarily aerosol, but also cloud and total column water vapour. The POLDER aerosol product is validated with ground based photometers and she observed there are now 150 stations whereas there were only 20 stations 5 years ago. MODIS and GLI can also be used for aerosol validation. POLDER can also retrieve cloud properties (cover, pressure, phase, particle size, optical thickness) and they are validated with the Meteosat cloud classification dataset. Total column water vapour was validated using radiosondes over land and SSM/I retrievals over sea. She showed the ECMWF analyses are too moist close to the ITCZ over land when compared with the POLDER retrievals. Experiments are underway to assimilate the POLDER total column water vapour retrievals into the MétéoFrance Arpége model.

Nicole Husson (LMD) reminded the group about the Geisa-IASI-Aerosol 2001 database she has developed. There is extensive documentation on aerosol optical properties that can be used for RT simulations. She asked the group to inform her of any updates, which could be made to the database. 

x.2.4 Radiative Fluxes
Thierry Phulpin (CNES) described the light broadband flux radiometers developed for balloons. These can be used to validate fluxes inferred from IASI radiances. He also described the drift sondes concept, which contains 24 drop sondes to release 1 every 6 hours. This may be adapted to CNES balloons for tropical climate studies.

x.3 Overall Summary of Session
Roger Saunders summarised the session by the giving the status for each potential IASI climate dataset giving the current status and any recommendations made.

Level 1c radiance archive

A primary dataset is the level 1c radiance archive. This will be used for future re-analyses (e.g. ERA-40). This will be available from the EUMETSAT UMARF archive system but for climate purposes it is essential to include the Metadata to allow any changes to the instrument or ground processing to be tracked. One major issue with this dataset is that, with the exception of the re-analysis centres (e.g. ECMWF, NCEP), the data volumes will be such that it is not realistic, until data storage and access technology improves, for this complete dataset to be accessed and used widely. 

Climate clear-sky and cloudy radiance dataset

As a result of the large data volumes from the level 1c archive it was felt there is a requirement for climate modellers to have a meaned clear sky and cloudy radiance product of a manageable data volume which can be used for climate model validation. Several such datasets have been produced from TOVS for example the Spencer and Christy MSU-2 dataset for upper tropospheric temperature and the Bates HIRS-12 dataset for upper tropospheric water vapour. The spatial averaging should match the climate models grid scale (~250km) and the spectral sampling or averaging will require research to identify which channel or channel combinations are best to monitor specific atmospheric and surface parameters. It was not clear to the group who will generate this dataset from the IASI level 1c radiance archive. CNES and EUMETSAT should consider this requirement for climate studies. 

Trace gases
For the retrieval and assimilation of trace gas datasets from IASI the methodology has been well proven through the work at Service d’Aeronomie and LMD. The problem is in validating such datasets where only a sparse network of ground stations exists. The agencies should be encouraged to continue and enhance a baseline trace gas monitoring network of stations to allow effective validation of future satellite sensors.

Aerosols

The retrieval of aerosol properties from IASI data has not been demonstrated to date. In preparation for work in this area a comprehensive database of aerosol optical properties has been prepared by LMD called GEISA-IASI-Aerosol 2001. It was felt that for more extreme aerosol types such as desert dust and biomass burning it should be possible to retrieve aerosol properties from IASI radiances. AIRS data will provide an opportunity to test retrieval algorithms. 

Cloud parameters

Cloud cover/top pressure/phase can all be retrieved by IASI. Several groups are developing algorithms to provide a IASI based cloud dataset but there were no obvious schemes presented which could become operational. Observations are also being made to validate cloud retrievals and simulated IASI cloudy radiance datasets are available. Several satellite sensors dedicated to cloud process studies will be in space at the same time as IASI (e.g. CloudSAT). There are good prospects to improve on existing cloud climate datasets with IASI but an important limitation is the limited diurnal sampling of METOP. 

Radiation budget

The longwave radiation budget and cloud radiative forcing can potentially be estimated from the IASI radiances but it is important to note that IASI does not measure in the 100-500 cm-1 range where the upper tropospheric emission from water vapour plays an important role. There are a good variety of instruments on balloons, aircraft and satellites (e.g. GERB) to validate the outgoing longwave fluxes inferred from IASI. Again the limited diurnal sampling is an issue.









