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Use of Millimeter and Sub-millimeter Wavelengths to Retrieve Cloud/Rain Information in Mediterranean Systems

A data set of simulated brightness temperatures (BTs) at millimeter/sub-millimeter waves is created, using realistic atmospheric profiles derived from a cloud resolving model, and the statistical relationships between the BTs and the cloud/rain properties are examined.

Total (snow+graupel+ice) ice profiling can be performed with r.m.s. error below the 50% breakthrough threshold for medium to high ice content (Fig- 5; note that the total ice profiling capability was investigated for only precipitating pixels).

• Except for very low rain content, rain profiling capability over sea exhibits r.m.s. error below 50% breakthrough threshold (Fig- 5; over land, the results are slightly worse, especially at low altitude).

• Suppressing the frequencies below 100 GHz from GOMAS (i.e., HF-GOMAS/F10) does not change the results significantly over land, contrary to what is observed over ocean especially below 1 mm/h (Fig- 4).

• Over land and ocean, the r.m.s. errors for a mission such as GOMAS are below or close to 50% (breakthrough) for rain rates above 1 mm/h, which is similar to what can be obtained with AMSU-A or AMSU-AB frequency configurations for the present database (Fig- 4).

• Rain rate retrievals for frequency ranges containing frequencies below 100 GHz (i.e., F01, F02 and F07) present less dispersion (Fig- 4). From these theoretical calculations millimeter/sub-millimeter wave observations can be used to detect and quantify rain but also to retrieve vertically integrated hydrometeor quantities (e.g., ice, snow, graupel -not shown here) and hydrometeor profiles.
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  Fig-1. Atmospheric spectrum for a clear standard atmosphere calculated with the Atmosphere Transmission at Microwave code (Pardo et al., 2001).

  Two teams lead separately by SULA (with LERMA) and ASTRIUM are involved in the ESA "Study of a Sub-millimeter Wave Airborne Demonstrator for Observations of Precipitation and Ice Clouds" to determine the instrument specifications of an airborne demonstrator to prove the scientific mission concepts of CIWSIR and GOMAS.
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 6 Fig-6. Three potential platforms envisaged in the ESA study (UK Met Office FAAM (a), Geophysica (b), HALO (c)).

  LERMA and LPN have submitted a proposal to ANR to build a Multi-Beam Sub-Millimeter Wave Schottky Radiometer for the Study of the Atmosphere at 183 GHz, 325 GHz, 340 GHz and 380 GHz.
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 72 Fig-7. Some of the technical innovations envisaged for the millimeter wave demonstrator. (a) example of LPN Schottky diodes (b) : 3D model of a dual-beam 183 GHz integrated Schottky mixer / multiplier; (c) envisaged scan strategy with three beams.
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 3 Fig-3. Performances of the rain classification for the 19 frequency sets defined in left panel (19° incidence angle). The breakthrough and threshold values defined in the EUMETSAT position paper (Rizzi et al, 2006) for NWP (Numerical Weather Prediction) and NOW (NoW-Casting) are indicated with solid and dashed lines respectively.
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 5 Fig-5. Retrieval of vertical profiles of rain and total ice profiles for three different frequency ranges (over sea, 19° incidence angle). The r.m.s. error is computed per bin of rain and per level. The grey scale follows the error thresholds defined by the EUMETSAT user requirements (Rizzi et al., 2006).