X. ISSWG-15 Report of Session on Land Surface (R. Saunders)

Roger Saunders gave a short introduction showing the improvements gained in ECMWF model forecasts when more ATOVS data are used over Siberia. He also referred to a previous session on land surface emissivity during ISSWG-7 in June 1998 and a subsequent report he compiled with the help of several members of the ISSWG entitled "Towards Improved Use of Infrared Sounding Data over Land" which was presented at ISSWG-9 in October 1998. Since that time MODIS and ASTER data have become available and so it was thought timely to have another discussion of the status of using infrared data over land.  

X.1 Summary of presentations

There were six presentations from various application areas, which provided the basis for the synthesis of the session below. Goulven Monnier discussed surface emissivity and its impact on lower tropospheric water vapour retrieval. If the surface emissivity is low then the water vapour retrieval is more accurate but only if a good estimate of the surface emissivity is available. One step is to include the surface emissivity in the control variable of the 1D-Var retrieval.

Jon Taylor presented results from aircraft interferometer data to measure emissivity over different land surfaces. The measurements were compared with the Snyder dataset and confirmed the spectral signatures in the Snyder data but with some differences in the absolute magnitude of the emissivity. Future work will look at the relationship between the small-scale variations and the values integrated over a IASI footprint.

Peter Francis showed how he was using HIRS measured minus model first guess radiance maps to estimate the errors of the surface skin temperature in the Met Office NWP model. Over some desert areas during the day differences in brightness temperature can exceed 8K. He also showed how he was developing a surface emissivity atlas for the IR based on the IGBP classification of surface types with a few extra types added. He showed 3 methods of assigning the senescent state to link the surface type to emissivity (2 included the use of an NDVI input) and validated this using the MODIS surface emissivity product in the 11 micron window.

Thierry Phulpin presented results from the ASTER instrument on Terra. He showed the retrieved emissivity products were accurate to 0.01 for rocks. Carmine Serio showed how IMG data were being used to classify soil spectral emissivity and made the point that there are not enough types of soil in the Snyder dataset. 

Finally Bill Smith presented results from his airborne NAST-I instrument that showed surface emissivity can be described with 5 eigenvectors based on the Salisbury dataset. He showed examples over the sea of 11 and 8.6 micron retrieved surface emissivities.
 x.2 Rationale for better description of land surface

A better description of the land surface emissivity and a consistent surface skin temperature will enable the use of more IASI tropospheric sounding channels to be used over land. The retrieval of low level water vapour is sensitive to getting these parameters correct. The lower the emissivity the more information about the lower tropospheric water vapour can be retrieved but the accuracy requirement on the emissivity becomes more stringent. By effectively using more radiance data over land the quality of the NWP analyses and forecasts should improve especially in data sparse areas e.g. Siberia. A related issue is the need to have an accurate surface snow cover and sea-ice field that is updated with every model cycle.

x.3 Surface emissivity datasets

The Snyder (MODIS) and Salisbury surface emissivity datasets have started to be validated with both satellite (IMG) and aircraft (ARIES, NAST-I) data. More flights are planned. A global atlas of surface types, from which surface emissivity can be estimated, is based on the IGBP classifications but several additional surface types have to be included to cover different soil and vegetation types. These surface types can be linked to IASI surface emissivity spectra with as few as 5 EOFs to provide a first guess for a retrieval or radiance assimilation. There are other atlases available but not yet in the public domain. Snow and sea-ice cover are also important to provide for global applications. There may be a requirement for co-incident NDVI (or related measurements) to be available, along with the sounder data, to help determine the senescent state of the vegetation. The emissivity does vary with viewing angle particularly for bare surfaces and uniform grassland and so models, which take into account the angular dependence, need to be developed and validated.

An important point is that the link between spectral emissivity resolution and horizontal spatial resolution is important. When averaged over large areas for IASI ifovs the spectral emissivity variation is smoothed making it difficult to use lab and/or in situ measured emissivities without appropriate smoothing. Aircraft measurements are bridging the gap between IASI (~10km) and in situ (3m) scales.

x.4 Impact on IASI retrievals/assimilation  

The surface emissivity and skin temperature must be included as active variables in the retrieval or assimilation together with estimates of their respective errors. The first guess emissivity inferred from the datasets described above can be used. The first guess skin temperature from NWP models are reasonably accurate (errors < 1K) over some surface types and at certain times of day but in some situations errors can exceed 8K. The retrieved surface emissivity and skin temperature do not necessarily have to be the truth but have to be consistent to ensure a successful retrieval. It is also important to correctly model the downwelling reflected component in RT models used for retrievals and assimilation. The Met Office plan to demonstrate analysis and forecast impacts by using more data over land with both HIRS and AIRS data. 

x.5 Validation 

To effectively validate a quantity such as land surface emissivity is a considerable undertaking. Several uniform field sites >10 x 10 km2 are required with representative surface types. In situ, aircraft and satellite data should be used to understand the differences due to the scale of the measurements. Imager data (e.g. AVHRR, MODIS) can be used within the sounder fov. Results from dedicated field experiments (e.g. ISLSCP see http://www.gewex.com/islscp.html) should be reviewed. From satellites MODIS and ASTER data are being used to improve our knowledge of the infrared emissivity and geostationary imagers (e.g. SEVIRI, GOES) can also provide more information about land surface processes. 










