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1 Introduction
(1) MIRS

The Microwave Integrated Retrieval System (MIRS) is a microwave retrieval system developed by NOAA/NESDIS/STAR. MIRS retrieval algorithm is based on a 1DVAR scheme capable of optimally retrieving atmospheric and surface parameters simultaneously.
(2) MIRS extension to AMSR-E

At the present time MIRS is applied to NOAA-18 and METOP-A AMSU/MHS sensors pair and DMSP-F16 SSMIS data. In the expectation that MIRS will be the retrieval algorithm for future microwave imagers (e.g. NPOESS MIS), we began to extend MIRS to Aqua AMSR-E data.
2 Data

(1)  AMSR-E

AMSR-E, which was developed and provided by the Japan Aerospace Exploration Agency (JAXA,), is a 12-channel passive microwave radiometer measuring vertically and horizontally polarized radiation at the frequencies of 6.9, 10.7, 18.7, 23.8, 36.5, and 89.0 GHz (Table 1).
(2) TB data

We use NESDIS AMSR-E brightness temperature (TB) data, whose geolocation and calibration are processed by NESDIS from Level 1A raw count data. A NESDIS TB file contains 243 observations per approximately 2000 scans. The file format is HDF-EOS.
We have two alternatives to NESDIS TB data; one is Level 2A TB data processed by RSS and distributed by NSIDC DAAC and the other is Level 1B TB data processed and distributed by JAXA. A discrepancy between L2A and L1B is reported by Christian Kummerow's research group (see http://mrain.atmos.colostate.edu/LEVEL1C/level1C_devamsr.html).
3 MIRS extension to AMSR-E

To deal with AMSR-E data, several changes were made in MIRS.

(1) Radiance processing
a) rdr2tdr

This step converts NESDIS TB data into MIRS internal format (TDR). A new program for AMSR-E (rdr2tdr.pro) was made and committed to the Subversion repository for MIRS development. The program was written in IDL script. The script omits first 7 lines and last 7 lines, whose 89.0 GHz data values are always 0. The script also omits first 25 beam positions and last 27 beam positions, whose 89.0 GHz data values are always 0. Consequently, AMSR-E TDR data contains 191 observations per scan instead of 243 per scan.

b) tdr2sdr
We can use an application (tdr2sdr) common to other sensors. No changes needed for AMSR-E. This step is intended for an antenna pattern correction. Currently, this step is a simple placeholder. No antenna pattern is applied at this time. There is no difference between the TDR and the SDR files in MIRS.
c) fm

This step is intended for a footprint matching procedure. A new program for AMSR-E (fm_amsre.f90) was written in Fortran and committed to the repository. This only changes data format from TDR/SDR (stored line by line) into FMSDR (stored point by point). No footprint matching is applied.

(2) Surface pre-classification

We updated the basic surface type pre-classification for AMSR-E. Ocean areas are classified as sea-ice if 6.9 GHz vertical polarization (V-pol) channel TBs are greater than 190 K. At low frequency range where atmosphere is almost transparent, ocean emissivity is low while sea-ice emissivity is much higher. Apparently, the difference between ocean and sea-ice is distinguishable by 6.9 GHz V-pol TB (Figure 1).

For sea-ice detection from microwave imager, polarization difference of 19 GHz V/H channels and scattering difference between 19 and 37 GHz channels are traditional approaches. Also using 89 GHz channel is becoming popular because of the better spatial resolution and its capability of detecting thin ice where low frequency wave can penetrate. We should include those algorithms for the sea-ice detection.

Three surface types (ocean, sea-ice, and land) are considered at this time. We should add snow at least in the future.

(3) Static data
A few static data were prepared for AMSR-E.
a) Bias and RTM uncertainty
A bias file and a RTM (radiative transfer model) uncertainty file for AMSR-E were created and committed to the repository. These files were made by comparisons TB observations (NESDIS TB data) with RTM simulations which were calculated using CRTM as the forward model and ECMWF analysis as the atmospheric profiles. Data used were limited over ocean (for good RTM simulation over ocean with good ocean emissivity model) and low-mid latitudes (for avoiding see-ice). These files were created using MIRS GUI (biasgen step; Calib_generic_rad.pro). Reduced TB data (1/8 scans) were used because of memory allocation problem.
i) Bias

An instrumental bias is estimated from the difference between TB observations and TB simulations using a histogram adjustment method, which uses histogram bins with sufficient number of data for calculating mean difference.

Figure 2 shows the bias by polarization and by node. No apparent beam position dependent bias can be seen. This is expected from almost constant satellite zenith angle (conical scan). We should note that swath edges (both sides) of NESDIS TB data are always 0 and MIRS radiance processing (rdr2tdr step) previously omits them. Scan position dependency of bias could be ignored in MIRS. We can see larger bias for horizontal polarization (H-pol) channels than vertical polarization (V-pol) channels. 6.9 and 10.7 GHz H-pol channels’ biases seem to be higher than expected. Also low frequency H-pol channels seem to be affected sun glint (figure 3). Sun glint affected data should be disregarded in MIRS retrieval process. We can see also slightly larger bias for descending (night) data than ascending (day) data. Figure 4 shows how the assessed bias depends on NWP analysis. Patterns of two biases (one using ECMWF and the other using GDAS) are similar, but 89.0 GHz H-pol channel’s discrepancy seems to be large. It should be noted that the assessed bias includes not only instrument error but also RTM (including ocean emissivity model; we used FASTEM-3) error and NWP error. Also we should be careful with applying the bias over other types of surface (sea-ice, land, and snow). 
ii) RTM uncertainty

RTM uncertainty (matrix F in MIRS) were assessed based on the standard deviation between TB observations and TB simulations. Scaling factor (an empirical parameter in Calib_generic_rad.pro) 0.3 was used for all channels.

Table 2 shows the RTM uncertainties. The values seem to be reasonable. We usually observe larger difference between observation and simulation for imaging channels than for temperature sounding channels.

b) Covariance matrix

This is the key for obtaining good retrievals. MIRS uses a common covariance matrix for atmospheric parameters. No changes were made for AMSR-E. A covariance matrix for surface parameters (including land surface emissivity) was made for AMSR-E and committed to the repository. The covariance matrix B was based on the analytical emissivities which were calculated using TB measurements and RTM simulation. Three surface types (ocean, sea-ice, and land) are considered at this time. We should add the covariance for snow in the future.

MIRS performs 1DVar in EOF space. The covariance matrix B is replaced by the eigenvalue diagonal matrix in the EOF space. Figure 5 plots the eigenvalues of the matrix B for land surface emissivity in descending order. The first EOF explains 87% of total variance; first 1-2 EOFs 94%, first 1-3 EOFs 97%, and first 1-4 EOFs 99%. Four EOFs truncation might be enough; using more than four EOFs could cause the noise in the iteration.
4 MIRS 1D-Var Result

(1) TPW

Figure 6 shows a comparison of vertically integrated water vapor amount (total precipitable water, TPW) between MIRS retrieval and ECMWF analysis. Patterns are quite similar over ocean. Figure 7 shows the difference. The bias seems to be small over ocean, but MIRS TPW values tend to be smaller (drier) over cloud (rain?) area over ocean. It seems that MIRS TPW values have dry bias in the tropics and wet bias in the mid-high latitude over the land. Figure 8 shows the scatterplots by surface type. Only well-converged data (with chi-square less than 1.0) are used. MIRS TPW compares well with ECMWF TPW over ocean, but it is clear that we need further improvement over land.

(2) Land emissivity and radio-frequency interference (RFI)
Figure 9 shows a sample of 6.9 and 10.7 GHz TBs over the US. There are several hot spots in 6.9 GHz observations, while 10.7 GHz observations seem to be smooth. 18.7 GHz observations are also smooth and similar to 10.7 GHz (not shown). As a natural consequence of these anomalous high temperature observations, analytical emissivity values of 6.9 GHz can be higher than expected. Figure 10 shows analytical emissivities for 6.9 and 10.7 GHz over the US. Anomalously high emissivity values can be seen according to TB hot spots in 6.9 GHz, while 10.7 GHz emissivities are smooth. TBs of most land surfaces are higher at 10.7 GHz than at 6.9 GHz due to the absorptive effects of water in soil and vegetation which increase with frequency. These anomalous high TBs or emissivities are potentially contaminated by radio-frequency interference (RFI). (We should note that scattering effects from the surface and vegetation can cause higher TB at 6.9 GHz than at 10.7 GHz, but the scattering could be ignored at such low frequency range.) 

Figure 11 shows emissivity retrievals by MIRS 1DVar. Only quality control (QC) passed data are shown. It seems that potentially RFI contaminated data are rejected by QC in MIRS and that QC passed 6.9 GHz emisivities are uniform and consistent with 10.7 GHz emissivities. MIRS could handle RFI contamination problem.

5 Issues

MIRS derives the surface properties of snow cover and sea ice based on the 1DVAR retrieved parameters of surface emissivities and skin temperature. This part for AMSR-E is unfinished. After all MIRS steps are adapted to AMSR-E data, we will have to repeat cycles of parameter tuning (also remaking static data) and validation. AMSR-E data volume is much higher than other sensors’ data. We might need a faster CPU to process AMSR-E data in real time.
