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Fig. 19. (Top) Daily CPC precipitation over the CONUS based on rain gauge
analysis and (bottom) MiRS precipitation composite based on RR retrievals
from NOAA-18, Metop-A, and DMSP-F16.

and DMSP-F16. In this comparison, the limited temporal and
spatial coverage associated with the satellite sensors used to
generate the MiRS precipitation estimate must be considered,
compared to that of the rain gauges. However, it is clear that the
MiRS precipitation estimate is able to detect rainfall events with
geographical distribution and intensity comparable to those of
the CPC analysis.

7) Monitoring of Pentads, Weekly, and Monthly Composites:
Another type of monitoring of MiRS products that is performed
at NOAA consists of generating pentads, weekly, and monthly
composites of global maps from the daily MiRS products.

This time-compositing process allows us to check the slow
moving features (seasonal or climatic features) by removing
the high-frequency variability, but it also allows us to detect
any persistent defects in the MiRS retrievals. Fig. 20 shows
the monthly averaged surface emissivity at 89 GHz for Febru-
ary 2008 using NOAA-18, where lower values over northern
hemispheric land masses have been influenced by persistent
snow cover. Fig. 21 shows the comparison between the MiRS
monthly rain composite using NOAA-18 data and the rain
composite generated using the Microwave Surface and Precip-
itation Products System (MSPPS) heritage algorithm [9] which
MiRS is scheduled to gradually replace in the next couple of

Fig. 20. Monthly average of MiRS land emissivity at the 89-GHz channel.
Data correspond to February 2008 obtained from NOAA-18 AMSU/MHS
sensors.

Fig. 21. Comparison of two monthly composites of RR from the (top) MiRS
and (bottom) heritage algorithm MSPPS. Notice the significantly reduced false
alarms at the sea ice edges by the MiRS algorithm. The unit is in millimeters
per hour. Both composites are based on NOAA-18 data.

years. The compositing is done at different spatial resolutions
(1◦ or 2.5◦) and is performed on all sensors for which MiRS
is applicable. The original resolution of the MiRS retrieval is
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Fig. 22. Global map depicting different information and flags as they relate to
the outputs of MiRS. Note that some flags are not exclusive, and therefore, the
color visible is not indicative of only one flag being turned on.

that of AMSU, as mentioned earlier, but the MSPPS original
resolution is that of MHS. We could see in this figure that the
persistent false alarm at the sea ice edges is pretty clear in
the MSPPS algorithm. This is due to the mixed signal in the
brightness temperatures for which the algorithm is not trained.
The MiRS algorithm dramatically reduces this issue, as shown
in Fig. 21, due to the fact that the emissivity is part of the state
vector, making the emissivity as the proxy product that takes in
the mixed signal (instead of the atmospheric parameters).

8) Quality Control: In addition to the convergence metric
mentioned earlier, which is an excellent tool to determine if
anything is inconsistent between the measurements and the
solution found, a number of other flags and indicators are also
part of the MiRS outputs. Fig. 22 shows a global map of those
flags and corresponding values. They indicate profiles where
the retrieval was nominal or had no meteorological event as
zero; where a bad retrieval or poor quality measurements as
one; where precipitation was detected (light, medium, or heavy
as two, three, and four, respectively); where a vertical inversion
was found in temperature and/or humidity as five, six, and
seven; and where supersaturation occurred in clear sky as eight
and cloud or precipitating sky as 9. In addition, several quality
assessment parameters are optionally computed within MiRS,
but they are not displayed here. These are the uncertainty matrix
S, the contribution function D, and the average Kernel A.
The formulation of these quality-control metrics is given in the
following:

S =B −B ×KT (K ×B ×KT + E)−1 ×K ×B

D =B ×KT (K ×B ×KT + E)−1 × (Y (X)−K ×X0)

A =D ×K.

These parameters could be useful for NWP applications and
blending techniques since they provide objective information
about the uncertainties of the retrievals and the radiometric
information content used on a point-to-point basis.

TABLE IV
SUMMARY OF THE MiRS-BASED TEMPERATURE PROFILE

PERFORMANCES (BIAS AND STANDARD DEVIATION IN KELVIN)
WHEN COMPARED TO ECMWF AND GDAS ANALYSES

AS WELL AS TO OPERATIONAL RADIOSONDES.
SEE TEXT FOR MORE DETAILS

B. Validation

This section will present a number of validation results for
some of the MiRS parameters. It will not go into extensive
details which may be found in current or future publications
[4], [13], [16]. It complements the previous section related to
routine monitoring of MiRS performances. Some of the routine
performances (computed against NWP analyses for instance)
will also be summarized in table format in this section.

1) Temperature and Moisture Sounding: The performances
of the MiRS-based temperature and moisture sounding pro-
files are presented in Tables IV and V, respectively. They are
stratified by ocean and land surface types and are given at five
different atmospheric layers corresponding to 100, 300, 500,
800, and 950 mbar for temperature comparison and four layers
for moisture sounding since the 100-mbar layers are not reliable
from the reference data, particularly radiosonde. Note, however,
that all layers have been assessed. This is the only snapshot
of those performances. We notice that temperature biases are
relatively consistent whether we use ECMWF or GDAS as a
reference. The biases over the ocean are below 1 K and above
500 mbar and tend to increase slightly at the surface to 1.7 K
and 1.1 K for ECMWF and GDAS, respectively. Over land, they
are roughly the same (within a half degree margin).

The uncertainty of the temperature profile, measured by the
statistical standard deviation of the differences between the
reference data and MiRS retrievals, is also consistent between
ECMWF and GDAS. Over the ocean, it varies between 1.8 K
at 100 mbar and 2.7 K at 950 mbar and between 1.5 K at
100 mbar and 2.8 K at 950 mbar for ECMWF and GDAS,
respectively. Over land, it varies between 1.8 K at 100 mbar
and 4.5 K at 950 mbar and between 1.7 K at 100 mbar and
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TABLE V
SUMMARY OF THE MiRS-BASED MOISTURE PROFILE PERFORMANCES

(RELATIVE BIAS AND RELATIVE STANDARD DEVIATION IN PERCENTAGE

OF THE REFERENCE WATER VAPOR AMOUNTS) WHEN COMPARED TO

ECMWF AND GDAS ANALYSES AS WELL AS TO OPERATIONAL

RADIOSONDES. SEE TEXT FOR MORE DETAILS

4.8 K at 950 mbar for ECMWF and GDAS, respectively. This
indicates a higher uncertainty in temperature near the surface.
Note that only temperature profiles over the ocean are officially
declared operational. When we analyze the comparison to the
radiosondes data, the results are not similar. The biases are
slightly lower at the surface for the ocean and slightly higher
at the surface for the land comparison. The standard deviation
over the ocean is consistent with that obtained using ECMWF
and GDAS, but the uncertainty over land is slightly lower than
what was obtained with ECMWF and GDAS (3.1 K instead of
4.5 K and 4.8 K at the surface).

The disparity of the results is more striking for the case of
the water vapor performances, as could be seen in Table V.

The standard deviation over both land and ocean is consistent
between the comparisons made with ECMWF and those made
with GDAS, ranging between 41% at 300 mbar and around
13.5% at the surface for the ocean case and ranging between
54% at 300 mbar and 30% at the surface for the case of land.
The bias, however, is not consistent between the ECMWF and
GDAS assessments for both ocean and land cases. It is also dif-
ferent from the assessment results obtained when comparing to
radiosondes. The uncertainty computed using the radiosondes
as a reference is similar at the surface with that obtained using
ECMWF or GDAS, but it diverges to higher uncertainty values
at higher altitudes.

The inconsistency in the results, especially between using
NWP analyses (ECMWF or GDAS) and radiosondes, suggests
that there is intravariability between the different references
used. This makes us conclude that MiRS performances are well
within the uncertainty of all of the reference data taken together.
If there is a systematic difference found in MiRS, it would, in
theory, appear in all comparisons.

2) Surface Properties (Emissivity, SWE, and SIC): The sur-
face properties were also assessed thoroughly using several
reference data from the analytical emissivities and the MSPPS

TABLE VI
ASSESSMENT OF THE 23.8- AND 50.3-GHz EMISSIVITY PERFORMANCES

FOR SEA AND ICE FOR THE FORMER (RIGHT) AND FOR

LAND AND SNOW FOR THE LATTER (LEFT)

algorithm for the emissivity product to the AMSR-E data and
other ground-based measurements for SIC and SWE. Table VI
summarizes, for instance, the stratified performances over land
and snow and over sea and ice (bias and standard deviation)
of the MiRS emissivity when compared to the analytically
derived emissivity for NOAA-18 AMSU channels (50.3 and
23.8 GHz, respectively). These results indicate that emissivity
biases are relatively small (around or less than 1%) and that
standard deviations vary between 2% and 3% depending on the
channel and the surface type. Higher frequency channels, which
are more sensitive to atmospheric contamination (specifically
cloud), have higher uncertainties (not shown here) but are still
retrieved with a reasonable accuracy since they are spectrally
constrained with the emissivity covariance matrix and by the
simultaneous retrieval of the atmospheric products.

The SWE retrieved by MiRS, which is based on the post-
processing described in Section III-F and is applied to the
retrieved emissivities, was compared to a number of reference
data sources including the AMSR-E, the Interactive Multi-
sensor Snow and Ice Mapping System (IMS), and the Naval
Research Laboratory’s algorithm (for SSMI/S case). It was also
compared to ground-based snow property measurements made
in Northern Canada in 2003. Fig. 23 shows the results of this
comparison along with the comparison between the heritage
algorithm MSPPS with the same reference data set. The biases
are relatively similar, but the rms error was decreased by MiRS
from 4 to 3.4 cm, and the correlation was increased from 35%
to 52%. It is important to note that the verification of the
emissivity-based products from MiRS (such as the SWE or the
SIC) also constitutes an indirect validation of the emissivity
product itself.

The MiRS SIC retrieval is based on the inverted emissivity
spectrum. The postprocessing uses the absolute amplitude of
the spectrum and/or the relative spectral slopes between the
channels (i.e., the shape of the spectrum). Using the spectral
shape was found to be more robust in some instances than using
solely the magnitude of the emissivity spectrum. We should
note that the postprocessing step that interprets the emissivity
spectrum into SIC (and snow properties) also uses the surface
temperature from MiRS to help exclude the presence of frozen
water, therefore reducing the rate of false alarms.

The SIC product from MiRS was compared to a multitude
of reference data, including the official NASA-T2 and NASA-
Bootstrap algorithms, showing that MiRS generally captures
the same extent of sea ice coverage. This was shown in the
previous section. Another consistency check was performed
to qualitatively assess the validity of the SIC from MiRS. In
this test, a region in the Antarctic was selected because it is
known as being fully covered with sea ice all year long (latitude
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Fig. 23. Comparisons between the ground-based snow measurements and the retrievals of the new MiRS emissivity-based SWE algorithm (bottom panel). The
same comparison, but using the heritage algorithm MSPPS (brightness temperature based), is also shown (top). The results show improved statistics with the new
technique.

Fig. 24. Time series of SIC in 2006 from MiRS and MSPPS. Data correspond
to a region in the Antarctic known as being fully covered with sea ice all-
year long. Black lines correspond to MSPPS SIC, and red and orange lines
correspond to MiRS (using the spectral slope (more robust) or not, respec-
tively). Solid lines refer to absolute SIC, while dashed lines refer to the standard
deviations.

84–86 N and longitude 135–137 W). Data taken in 2006
(January to December) were gathered to assess the time series.
SIC from MiRS, using the magnitude of the spectrum and the
more robust approach based on the spectral shape, and data
from the heritage algorithm MSPPS were plotted (see Fig. 24).
Ideally, the SIC all-year long should be close to full coverage
(100%). Both the SIC absolute value (in solid lines) and the
standard deviation (in dashed lines) are plotted. MiRS retrieved
a SIC that is remarkably close to 100%, with a low standard
deviation. All algorithms tend to have some uncertainty during
the melting season (summer) where the signal could be mis-
interpreted. The fact that the emissivity spectral shape is used
makes it less likely to miss the ice signal, given that the ice spec-
trum (when all channels are used), even if mixed with a melted
top layer, is easily distinguishable from the ocean spectrum.
Algorithms based on the absolute magnitude of the brightness
temperatures (or the emissivities) or algorithms that use just one
or two channels (with less knowledge about the full spectral
shape) are more likely to have difficulties in these conditions.

3) Clouds and Hydrometeor Parameters: These parameters
include the CLW, IWP, RWP, and surface RR. These hydrom-
eteor parameters are notoriously difficult to assess because of
the multitude of unknowns mentioned already in Section III-F.
They are also difficult to assess because of the inexistence of an
effective way to measure these quantities (from either ground-
based or airborne sensors). The easiest to assess among these
hydrometeor parameters is the surface RR, which could be
compared to both ground-based meteorological radars as well
as to other algorithms (and other sensors) and surface-based
rain gauges. We will therefore concentrate this section on the
RR assessment. It is important to note that the postprocessing
stage (in MiRS) that leads to RR uses IWP, CLW, and IWP,
among others, as inputs, and therefore, assessing RR is an
indirect assessment of these inputs, which are, as expressed
already, hard to assess individually given the lack of reference
data. The rain rate from MiRS was assessed internally using
Tropical Rainfall Measuring Mission (TRMM) and CLOUD-
SAT retrievals, ground-based gauges, and radars. It was also
assessed independently through the International Precipitation
Working Group (IPWG) program, where MiRS retrievals are
compared against reference data (radars and gauges) along
with other algorithms (infrared and microwave or combination
thereof) using the exact same methodology. In this paper, we
will present short summaries of those two assessments.

Fig. 25 shows one aspect of the assessment of MiRS rainfall
performed at NOAA, using the CPC rain gauges analyses as a
reference. MiRS-based retrievals of RR from different sensors
(NOAA-18, Metop-A, and DMSP-F16 SSMI/S) are assessed
individually, as well as the composite precipitation that uses RR
samples from three sensors combined. This comparison with
CPC is limited to the CONUS. The bias is centered around
zero with a margin of ±2 mm/h. The correlation is higher
when all sensors are combined together and is centered around
60%. This correlation and other metrics were found to be
comparable to those of other more established algorithms, such
as the TRMM-based GPROF algorithm which is also assessed
within the IPWG [8]. This higher correlation of the sensor
composite (as opposed to the individual sensors) is due to the
higher temporal and spatial coverage obtained with combining
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Fig. 25. Time series of the MiRS RR performances [(a) bias and (b) spatial
correlation] assessed against the CPC rain analyses. MiRS RRs from different
individual sensors, as well as from the composite of all sensors, are shown.

all sensors. For the same reason, we notice that the correlation
of the individual sensor DMSP-F16 SSMI/S is lower than that
of the other sensors (NOAA-18 and Metop-A). Indeed, DMSP-
F16 SSMI/S has a narrower swath than those of NOAA-18
and Metop-A, which makes its spatial coverage less optimal,
leading to a lower degree of correlation. Intuitively, we do
expect that, if the temporal and spatial coverage of a sensor
is lower, then the likelihood of missing rain events is higher,
which would lead to degraded performances when comparing
daily rain estimates. This does not mean that MiRS applied
to DMSP-F16 SSMI/S leads to lower quality RRs per se (the
retrieval algorithm is the same applied to all sensors). In fact,
when computing the same metrics (correlations, biases, etc.) on
a set of temporally and spatially collocated profiles (between
rain gauges and MiRS retrievals), in which the spatiotemporal
coverage is no longer relevant, the same types of performances
were found for all sensors.

Fig. 26 shows a summary of the independent assessments of
the MiRS RR made within the IPWG. Note that three IPWG
sites are currently including MiRS into their intercomparison
efforts: the North American, the South American, and the
Australian sites.

The assessment is done using rain gauge analyses from
CPC and ground-based radars when available. A number of
statistical performances are computed, including the spatial
correlation, the absolute bias, the rms error, the probability of
detection, the false alarm rate, etc. In Fig. 26, we could see that
MiRS generally captures the rain events pretty well and that
the statistics obtained are comparable to those more established
algorithms with similar temporal and spatial coverage.

V. CONCLUSION

A 1DVAR retrieval algorithm has been developed to re-
trieve a comprehensive suite of geophysical parameters from
spaceborne microwave measurements. The suite of parameters
consists of those parameters that most directly impact the
measurements: atmospheric profiles of temperature, moisture,
liquid and ice cloud, liquid precipitation, and surface emissivity
spectrum and its skin temperature. In addition, the suite of
parameters includes a set of derived products. Some of which
are a simple vertical integration of the fundamental profiles,
and some others are based on a more elaborate postprocessing.
These include surface parameters such as snow cover, SWE,
snow effective grain size, SIC, sea ice type/age, and atmo-
spheric parameters such as TPW, CLW, RWP, IWP, and RR.
The design of the MiRS algorithm is generic, and it could ac-
commodate any microwave sensor that could be handled by the
forward operator CRTM. It is currently operational for NOAA-
18, NOAA-19, Metop-A, and DMSP-F16 SSMI/S and is being
prepared to run operationally for NPP/ATMS. At the time of
writing this paper, MiRS is also being extended to F18 SSMI/S
which was launched in late 2009. It also runs experimentally
for AMSR-E (imager only) on a daily basis. A large effort has
been put into the assessment of all of the products generated
by MiRS. This paper has presented a general overview of the
algorithm approach and a snapshot of the assessment results.
Its goal was to make potential users aware of the availability of
these operational products. It is thought that having the same al-
gorithm applied to all microwave sensors will bring consistency
between retrievals with an obvious advantage for climate appli-
cations. It also reduces significantly the amount of time needed
to develop an algorithm for a new sensor. It is noteworthy that,
in MiRS, the same code is used for all sensors, as well as the
same atmospheric covariance, background, and forward model.
Therefore, applying MiRS to a new sensor comes with a high
degree of confidence stemming from the previous tuning, im-
provement, and assessment performed for the previous sensors.
Other individual studies have been (or will be) published that
address in more detail the validity of individual parameters.

Besides the availability of MiRS products on a real-time
basis, the software package itself is also available, and it could
be requested, subject to a free-of-charge licensing agreement.

One suggested application of the MiRS package is as a pre-
processor for NWP variational data assimilation (3DVAR or
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Fig. 26. Snapshot of the independent assessment of MiRS RR performed in the framework of the IPWG. Photograph is courtesy of J. Janowiak from the
University of Maryland.

4DVAR). This could serve as a quality-control filter and/or as a
tool to provide first estimates of the solution. An additional, per-
haps more interesting, application is the adoption of the meth-
odology used in MiRS in handling the surface-sensitive channels
and in assimilating cloud/hydrometeors-impacted radiances.

All figures of this paper were taken from the official MiRS
Web site which may be accessed for more details about the
project, the assessment, and the monitoring of MiRS products
(http://mirs.nesdis.noaa.gov).
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