Abstract

Eval u atl o n Of th e SS M IS U p pe r AI r SO u n d I n gs (UAS) A major impediment for achieving ground to space NWP capability, is the lack of near-real-time middle atmospheric state measurements for

h I f - d d I t h - - I t' assimilation. The only operationally available source of extensive meteorological observations in the mesosphere is provided by the Upper Air
c a n n e s O r m I e a m Os p e re ass I m I a Io n Sounding (UAS) channels of the Defense Meteorological Satellite Program (DMSP) Special Sensor Microwave Imager/Sounder (SSMIS)
instruments. To date, this data has been underutilized because: 1) typical global NWP models do not span the required vertical range (surface to
100 km), and hence do not include mesosphere; and 2) the fast radiative transfer (RT) models used in data assimilation systems lacked explicit
Karl Hoppel, Steve Swadley, Nancy Bake I, John McCorm ack; treatment of the Zeeman effect on the oxygen molecule’s interaction with the geomagnetic field in the microwave 60 GHz range at altitudes
above 40 km. Version 2 of the Community Radiative Transfer Model (CRTM) has implemented the Zeeman-splitting spectroscopy calculations

US Na Val ResearCh Lab required for the UAS channels. In this poster we evaluate the utility of assimilating the newly developed SSMIS Unified Pre-Processor for the
UAS (UPP-UAS) channels by comparing the radiances with the CRTM calculations using coincident SABER temperatures profiles. We also
show an example UAS assimilation analysis using the Navy Global Environmental Model (NAVGEM).
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Method of Comparison for SABER and UAS

First we find coincident measurements between SABER and the UAS
soundings from the F16, F17, and F18 SSMIS instruments. The coincidence
criteria is 1 degree (~111 km) separation and a time difference of +/- 3 hours.
The number of coincidences is most sensitive to the time window because
the SSMIS instruments have fixed local time sampling, while SABER local
time slowly shifts.
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Figure 5. Same as Fig 2 for F18 UAS. °t

Figure 3. Comparison of F16 UAS and Total number of coincidences is 32742.

of { SABER+CRTM brightness temperatures.

- 1 See text box for description of methodology.
Black curves include all coincidences,
colored curves are ascending or descending
orbit phases. Total number of coincidences
is 31272.

Figure 4. Same as Fig 3 for F17 UAS

Because SABER profiles do not reach the surface, we use the NASA GEOS5 Total number of coincidences is 31922.

analysis for the T/P profile from the surface to 10 hPa. The GEOS5 analysis is
interpolated to the time and location of the coincidence. We then add the
SABER temperature profile from 10 hPa to 0.001 hPa to construct the
complete atmospheric state.
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the microwave brightness temperature (Tb) expected for each UAS channel et Note: Microwave radiance is expressed as a “Brightness Temperature” (Tb) based on back-body emission. A 1K change in Tb

given the SABER temperatures. generally corresponds to a 1K change in the mean atmospheric temperature integrated over the weighting functions (see Fig 1).

Example analysis using SSMIS-UAS

Conclusions about SABER-UAS comparisons
« A test UAS analysis is performed using the Navy Global Environmental Model (NAVGEM) system, a 4D-Var algorithm described in Xu et al., 2005 and Rosmond and Xu, 2006.

Understanding the Error Sources

Good News:  Model resolution is T239 (0.75 degree resolution) with 60 vertical levels and a top at 0.005 hPa. The top levels above 0.01 hPa are highly diffused "sponge” layers. This semi-lagrangian
model and has not been fully tuned/developed for the mesosphere. (It differs from NRL's NOGAPS-ALPHA which has been used for 3DVAR mesospheric analysis, described in other
(1) An assessment of SABER temperature errors was performed by * Given that it is difficult for a GCM to model the meSOSphere to an dccuracy pl’esentationS, and featured in journal pUincationS.)
Remsberg et al. (2008). The estimated precision was ~1 K at 32 hPa, of few degrees, the SABER-UAS differences are small enough that we can « MLS (not assimilated) is used for comparison in Figs 6-7. The standard suite of conventional observations and IR/microwave radiances are assimilated.
and monotonically increasing to ~4 K at 0.01 hPa. Estimated biases expect a positive impact from UAS assimilation. _ _ _ _ _
were; SABER too low by ~1K near the stratopause, and to low by ~2K * The comparisons below show that the UAS analysis reproduces the mean temperatures that agree reasonably well with MLS, although there is a large cold bias at the top (P <.01)
in the middle mesosphere. The saber retrievals in the thermosphere * The standard deviations of the Tb comparisons are ~1.5 -2 K. They are a where the “sponge” layer exists. The analysis also shows some unusual vertical layering in the mesosphere, that is probably due to the large vertical spacing between the UAS
depend on composition data from the WACCM model, which could lead little larger than the random UAS errors, which is reasonable considering the channels 19, 20, and 21 (see Fig 1), which introduces layered perturbations. Additional work is needed to remove these features. .
to systematic errors (most important for UAS channel 20 comparisons). igﬁ:gi‘z’r;anlceer;ors associated with SABER, the CRTM, and imperfect * The 5-day forecasts develop larger zonal-mean temperature biases compared to the analysis. This illustrates how the UAS assimilation is correcting model bias. e ®
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Rosmond, T. and Xu, L. (2006), Development of NAVDAS-AR: non-linear formulation and P P ] ::}2 Figure 7. Difference plots for Fig 6. The analysis (left panel) exhibits some layering in the
outer loop tests. Tellus A 58, 45-58. 100 - ' mesosphere which may be related to the large vertical spacing between the UAS channels.
i - Because of the MLS fixed local time sampling and possible biases, agreement to within ~5K
Schwartz, st al, (2005), Valldation of the Aura oA L o oy o and e is probably sufficient. The larger biases that develop in the 5-day forecast (right panel)
geopotential NEIght measurements, J. 15eopiys. Res. dol-15. ' Latitude show that the assimilation is reducing model bias. Because the forecasts differences do not
Xu, L., Rosmond, T. and Daley, R. (2005), Development of NAVDAS-AR: formulation and _ _ _ _ exhibit the vertical layering in the mesosphere like the analysis, it is further evidence that the
initial tests of the linear problem. Tellus A 57, 546-559. Figure 6. A 30-day NAVGEM analysis using UAS data, compared with MLS UAS assimilation needs further tuning.

temperatures.
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