Assimilation of SSMIS humidity sounding channels over sea-ice at ECMWF
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Abstract

We have recently explored the existing FASTEM parametric models for microwave emissivity over sea-ice in order to evaluate the possibility of using them for satellite data assimilation in numerical weather prediction systems. To guide our study we used retrievals of
emissivity derived from SSMIS observations. We found that the observed ice emissivity spectrum decreases as a function of frequency, but at 183 GHz it starts to increase again. This is in contrast with the ice FASTEM models which, according to the surface category, predict a
little variation or a decrease in the emissivity in the 150-183 GHz range. This result encouraged us to revisit the approach of using the emissivity retrieved from observations at 150 GHz for the humidity sounding channels. To have a better estimate of emissivity for the 183
GHz channels, we studied the relationship between SSMIS retrievals at 183=%*7 and 150 GHz and we found possible to approximate the emissivity at 183 GHz as a linear function of the emissivity at 150 GHz. We found that the linear model is capable of removing the
systematic positive biases which affect the SSMIS humidity sounding channels first-guess departures when the too low emissivity from 150 GHz is used. We also ran assimilation experiments to evaluate the use of the new sea-ice emissivity modelling. The impact on the
forecast scores is generally neutral. However, the better estimate of the surface emissivity improves the fit to the observations and consequently the standard deviation of first-guess departures for SSMIS channel 10 and 11 are reduced (2% reduction in channel 10 in the
Northern hemisphere). The number of assimilated observations is also increased: in the winter season at about 85N latitude the number of SSMIS channel 10 and 11 observations actively assimilated is roughly three times than those assimilated in the control experiment
which uses the emissivity retrieved at 150 GHz for the humidity sounding channels. With these beneficial results, we hope the emissivity boost method can be adopted for operational use at ECMWE.
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Boost the ice emissivity at 150 GHz to obtain an estimate at 183 GHz:

Figure 4: Mean maps of first-guess departures for SSMIS channel 9 where IFS sea-ice concentration is greater than 0. Results from control experiment (a and c)
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Figure 5: Histograms of first-guess departures for SSMIS channel 9.
Results in a and b show respectively the data of Figure 4a/4b and

* Implemented in the ECMWF operational system. Figure 4c/4d.

Emis Boost |g4g3 as described in section 3**

** Coefficients m and q used in the experiment for the winter season

are those derived from the liner regression of Figure 3a (Northern 5 Impact on assimilated Observati()ns (SSMIS 183 i 3 GHZ; 183 i 1 GHZ)

hemisphere) and 3c (Southern hemisphere). For the summer season a
different set of coefficients is used (linear regression not shown).

Figure 6 and Figure 7 shows the impact on actively assimilated observations for SSMIS channel 10. Results for channel 11 are similar (not shown).
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