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Fig. 1 Time periods covered by US polar-orbiting
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FY-3A and FY-3B.
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calculated by the Community Radiative Transfer Model
(CRTM) based on the US standard atmosphere
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of the cross—tracking MWTS on board FY-3A/B for the
ascending node
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Serial of Applications of Satellite Observations

Observation Resolutions of Microwave Temperature Sounding
Instruments Onboard Polar-Orbiting Meteorological Satellites

. .1.2
Zou Xiaolei"

(1 Department of Earth, Ocean and Atmospheric Sciences, Florida State University, USA

2 Center of Data Assimilation for Research and Application, Nanjing University of Information and Science &
Technology, Nanjing 210044, China)

The successful launch of the research and
experimental satellite, Fengyun-3A (FY-3A), on May
27, 2008 marks the starting of the second generation of
Chinese Fengyun-3 (FY-3) polar-orbiting satellite systems.
Two years later, the second satellite in the FY-3 series,
FY-3B, was launched on November 5, 2010. Satellites
FY-3A and FY-3B cover the mid-morning and afternoon
orbits, respectively. Different from previous Chinese
satellites, both FY-3A/3B provide atmospheric sounding
data for the first time'" that are of particular interest for
numerical weather prediction (NWP) data assimilation.
Microwave Temperature Sounder (MWTS) is one of the
three sounding instruments on board both FY-3A/3B and
it provides global atmospheric temperature profiles under
all weather conditions except for heavy precipitation.

The four MWTS channels on board FY-3A/3B are
similar, but not identical, in channel specification to four
MSU channels on board the early NOAA's Polar-Orbiting
Environmental Satellites (POES) series which started
in 1978 (e.g., NOAA-6 to NOAA-14) and Advanced
Microwave Sounding Unit-A (AMSU-A) channels 3/5/7/9
on board the more recent NOAA's POES series which
started in 1998 (e.g., NOAA-15/16/17/18/19). AMSU-A
is also on board the first European polar-orbiting satellite,
MetOp-A, which was launched on October 19, 2006.
The AMSU-A component on board NOAA series and
MetOp-A satellites consists of two modules, AMSU-AI
and AMSU-A2, providing a total of 15 channels. The
AMSU-A1 provides 12 channels in the frequency range
from 50.3 to 57.3 GHz oxygen band for atmospheric
temperature profiling from the Earth's surface to about 42
km (or 2 hPa), and AMSU-A2 provides the other three
channels located at 89, 23.8 and 31.4 GHz. Observations
from MSU, AMSU-A and MWTS are key datasets for

NWP data assimilation * and investigation of global
climate change . Time periods covered by US polar-
orbiting satellites NOAA- 6/7/8/9/10/11/12/14/15/16/17/
18/19, European satellite MetOp-A, and Chinese satellites
FY-3A and FY-3B are shown in Fig.1. Challenges and
issues in establishments of satellite climate data records
(CDRs) were extensively discussed in [6].

A single value of satellite-measured radiance
represents an amount of upwelling microwave radiation
emitted from a certain volume of the atmosphere during
a certain time period. The sizes of this volume and the
length of this observing time represent the observation
resolutions of satellite-measured radiances. For simplicity,
observation resolutions of microwave temperature
sounding instruments MSU, AMSU-A and MWTS
on board polar-orbiting meteorological satellites are
discussed here. The vertical resolutions of microwave
temperature sounding observations are determined by
the so-called weighting functions (WFs) that vary with
channel frequencies. The horizontal resolutions of these
measurements are represented by the field-of-view (FOV)
sizes (FOVs). Figure 2 presents the WF distributions for
the 15 AMSU-A channels calculated by the Community
Radiative Transfer Model (CRTM) with the US standard
atmosphere as its input’” ", It is seen that channels 4~14
profile the atmospheric temperature from the surface
to about 0.1 hPa, and channels 1~3 and 15 are surface-
sensitive channels that include the radiation contributions
from both the Earth's surface and the atmosphere. A
satellite-measured radiance value is a weighted sum
of the upwelling microwave radiation emitted from
different layers of the atmosphere in a fixed field-of-
view (FOV). The measured radiation is most sensitive
to the atmospheric temperature at the altitude where WF
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reaches the maximum value. The broader the weighting
function is for a specific channel, the coarser the vertical
resolution is for that channel measurements. It is noticed
that WFs among different channels overlap. Therefore,
an estimation of brightness temperatures at a higher
vertical resolution than that of a single channel is possible.
Further studies are required for optimizing the vertical
resolution and data noise given each specific weather and
climate problem. However, the vertical resolution for the
atmospheric temperature profiling based on measurements
from microwave temperature sounding instruments MSU,
AMSU-A and MWTS will always be quite low due to a
limited number of available channels.

All MSU, AMSU-A and MWTS are a cross-track
scanning radiometer. The total number of FOVs on a
single scan line is 11, 30 and 15 for MSU, AMSU-A and
MWTS, respectively. A schematic illustration of the 15
FOVs along a scan line of the cross-tracking MWTS on
board FY-3A for the ascending node is provided in Fig.3.
FY-3A satellite moves in a circular, near-polar orbit at an
altitude of 836 km above the Earth. As the satellite FY-3A
moves toward north (e.g., ascending node), the MWTS on
board FY-3A observes the earth 15 times from left (west)
to right (east). The beam position eight (i.e., the 8" FOV)
is the nadir direction of MWTS. The size of FOV varies
greatly with scan angle and is determined solely by the
beam width, the scan angle, as well as the altitude of the
satellite. The larger the FOV is, the coarser the horizontal
resolution of a radiance measurement is for that FOV.

The exact FOV distributions and sizes for MSU,
AMSU-A and MWTS are shown in Fig.4. It is seen that
the FOV at nadir is smallest, indicating that the highest
horizontal resolution for measurements from a cross-
scanning radiometer is at nadir. The across-track diameter
of the FOV at nadir is 109, 48 and 62 km for MSU,
AMSU-A and MWTS, respectively. The across-track
diameter of the FOV increases significantly with scan
angle. For example, the across-track diameter of the
1" or 30" FOV of AMSU-A is near 155 km, which is more
than three times larger than that of the 15" and 16" FOV
near the nadir. Differences in FOV sizes among MSU,
AMSU-A and MWTS arise mostly from large differences
of the beam width for MSU, AMSU-A and MWTS, which
are 7.5°, 3.3° and 6.9°, respectively. A single MWTS
FOV is about twice larger in diameter than the AMSU-A
FOV in diameter. An MSU FOV is slightly larger than an
MWTS FOV at a similar scan angle. There is no overlap
between neighboring FOVs along the scan directions.
FOV overlaps are found in along-track directions for
AMSU-A and MWTS at large scan angles. The larger the
scan angles are, the more the FOVs overlap between the
neighboring scan lines. It is also reminded that the across-
track FOV diameter increases with scan angle much
more greatly than the along-track diameter. An example
is provided for AMSU-A in Fig.5. The across-track FOV
diameter is slightly smaller than the along-track diameter
near the nadir, but the former is nearly twice as large as the
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latter at the largest scan angles.

The temporal resolution of observations is
determined by the so-called integration time, which is
the time a microwave radiometer stars at each FOV. The
integration time for MSU, AMSU-A1, AMSU-A2 and
MWTS is 1820, 165, 158 and 780 ms, respectively.

The resolution differences among three microwave
temperature sounders MSU, AMSU-A and MWTS shall
result in different impacts of these data on NWP and
climate studies. Further research is needed to quantify
such differences. Since the total channel number of MSU
or MWTS is much smaller than that of AMSU-A, the
vertical resolution of the AMSU-A temperature profile
retrieval is higher than that of MSU or MWTS in the
troposphere. In the stratosphere, useful temperature profile
can be deduced from AMSU-A channels 8~14. Since there
is only one channel of MSU or MWTS (e.g., channel 4)
that contains stratospheric temperature information, it
is difficult to retrieve useful stratospheric temperature
information from MSU and MWTS data.

Although microwave sounding instruments can observe
the atmosphere in all weather conditions except heavy
precipitation, data assimilation of these measurements still
faces the following two major challenges: cloudy radiance
assimilation and surface-sensitive radiance assimilation.
Challenges in cloudy radiance assimilation are associated
with forward model cloud simulations and bias corrections,
and those in surface-sensitive channels assimilation are
mainly associated with surface emissivity. The values of
microwave radiance measurements from polar-orbiting
satellites for improving the numerical model forecast skill
of any NWP system could be fully reached only when
substantial improvements in cloudy radiance and surface-
sensitive radiance simulation and assimilation were made.
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