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Abstract: The FY-3E satellite was successfully launched on 5 July 2021 and carries on board the
Microwave Temperature Sounder-III (MWTS-III). In this study, the biases of MWTS-III data with
respect to simulations are analyzed according to the instrument field of view and location latitude
over the Pacific region. The cloud liquid water path (CLWP) over oceans is retrieved from two new
window channels at 23.8 and 31.4 GHz and is used for detecting the clouds-affected microwave
sounding data. The absolute bias between the observed and simulated brightness temperature
(O-B) under the clear sky point is, in general, less than 2.0 K, depending on the MWTS-III channel.
The standard deviations of O-B in most channels are less 1.0 K, but they are 1-1.5 K in channels
1-4 and 17. The average and the standard deviation of O—B from the channels 1-10 shows an
obvious symmetrical variation with FOV. The evaluation results all indicate good prospects for the
assimilation application of FY-3E microwave sounding data.

Keywords: FY-3E; MWTS; radiative transfer for TOVS; field of view; CLWP

1. Introduction

Satellite observations have become one of the main sources of meteorological obser-
vation data and are widely used in numerical weather prediction models. Among all
the satellite data, the assimilation of the polar-orbiting satellite microwave sounding data
has always resulted in large positive impacts on the numerical weather predictions [1,2].
Since the United States launched the Television and Infrared Observation Satellite in 1978,
many polar-orbiting meteorological satellites equipped with microwave sounders have
been launched worldwide. In the early development stage of meteorological satellites,
there were only four sounding channels for probing the atmospheric temperature profile
(Microwave Sounding Unit, MSU). Since the advanced microwave sounding unit (AMSU)
was firstly installed on the NOAA-15 in July 1998, the AMSU has gradually replaced the
MSU, and the AMSU-A has 11 more channels than the MSU. The frequencies of channels 3,
5,7 and 9 of the AMSU-A are similar to those of the four channels of the MSU. Moreover,
the AMSU-A also includes three window channels, channels 1, 2 and 15, with the center
frequencies of 23.8, 31.4 and 89 GHz, respectively. The window channel is mainly used
to detect cloud and surface parameters. The additional eight channels for the middle
and upper atmosphere lead to the better sounding of temperature throughout the atmo-
sphere [3]. The polar-orbiting meteorological satellites launched by the United States and
Europe are all equipped with similar microwave sounders. In China, sounders on board the
polar-orbiting meteorological satellites have also advanced rapidly in recent years. From
the first-generation Microwave Temperature Sounder (MWTS) on board the FY-3A/B in the
early stage to the MWTS-III on board the latest polar-orbiting meteorological satellite, the
FY-3E, there have been three generations of updates. The MWTS-III has more channels and
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provides a wider scan swath AMSU-A, and it is similar to the capability of the Advanced
Technology Microwave Sounder (ATMS) [4].

In satellite data assimilation, observation errors must first be quantified, since they
determine the weight of observation data relative to the background errors [5,6]. Harris and
Kelly analyzed the MSU radiance data and found that a significant residual scan bias that
depends strongly on latitude for some channels [7]. Lu et al. (2010) carefully evaluated the
microwave sounding data on board the FY-3A satellite and found an obvious frequency drift
phenomenon [8]. Through a comparison between the microwave hygrometers on board
the FY-3A and the NOAA-18, Guan et al. (2011) showed that the high-altitude channels
of the two microwave hygrometers have similar error characteristics [9]. Wang and Zou
(2012) analyzed the error of the MWTS on board the FY-3B and found that the brightness
temperatures at channel 4 had a strong anomaly in a small latitude band (30—40°N) in the
northern hemisphere [10]. Then, they developed a quality control algorithm to eliminate
the abnormal data. Zou et al. carefully evaluated the error characteristics of the MWTS on
board the FY-3A /B and compared it with the AMSU-A. It was found that the AMSU-A
biases are independent of the scene temperature, but the MWTS biases vary with the earth
scene brightness temperature [11]. Han et al. (2020) evaluated the microwave sounding data
from the FY-3D satellite [12] and found that there were some differences between the results
of channels 4 and 11 simulated by the Community Radiative Transfer Model (CRTM) and
the Radiative Transfer for TOVS (TIROS Operational Vertical Sounder) (RTTOV) models,
and the long-term average deviation of the MWTS has a weak dependence on latitude. By
comparing the ATMS with the AMSU-A, Weng et al. found that the ATMS temperature
sounding channels have shorter integration time and therefore higher noise than the AMSU-
A [4]. In this study, the data from the FY-3E MWTS-III Sounder are provided by the National
Satellite Meteorological Center of China meteorological administration and are then used
to analyze the error characteristics.

The remainder of this paper is organized as follows. Section 2 introduces the FY-
3E/MWTS-III and the RTTOV method. In addition, it also analyzes the error characteristics
of the new window channels and the error characteristics of the channels at different layers
over the ocean. In Section 3, the CLWP over the ocean is retrieved based on the new
channels at 23.8 and 31.4 GHz and is compared with the cloud water products from the
European Centre for Medium-Range Weather Forecasts Re-Analysis 5 (ERA5). Section 4
analyzes the variation characteristics of deviation for each channel of the FY-3E/MWTS-III
with the field of view (FOV) and latitude. Finally, the main conclusions are summarized
in Section 5.

2. Datasets and Methods
2.1. Data Introduction

The first-generation MWTS was on board the FY-3A /B with a swath width of 2200 km
and a spatial resolution of 70 km, and there were only four channels. The FY-3C was
successfully launched on 23 September 2013, and the satellite-borne microwave sounder
was the MWTS-II. Compared with the first generation, the improvement of the MWTS-II is
mainly in the number of channels and the spatial resolution. The channels are added to
13 from 4, and the spatial resolution becomes 32 km from 70 km at the s.s.p. (sub-satellite
point). On 5 July 2021, the FY-3E, the world’s first early-morning-orbit satellite for civil use,
was successfully launched, and the satellite-borne MWTS-III was also successfully put into
use. Compared with the MWTS-II, the MWTS-III has been improved in all aspects, not only
in the number of channels and spatial resolution but also in the swath width. Specially,
four channels with different frequencies were added, and the swath width was increased
from 2250 km to 2700 km, significantly improving the coverage of observations.

The MWTS-III inherited most of the MWTS-II features. However, four channels at
the frequencies of 23.8 GHz, 31.4 GHz, 53.246 £ 0.08 GHz and 53.948 £ 0.081 GHz were
added. The 23.8 GHz channel allows for more accurate estimations of the total column
water vapor amount, while the 31.4 GHz channel is more sensitive to the cloud liquid
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water. The 53.246 £ 0.08 and 53.948 £ 0.081 GHz channels are used to supplement the
temperature sounding in the troposphere at 4 km and 6 km, respectively. Compared with
the MWTS-1], the sensitivity and calibration accuracy of the MWTS-III are greatly improved.
Table 1 shows some channel characteristics of the MWTS-III, including channel frequency,
3-dB bandwidth, radiometric temperature sensitivity and spatial resolution. It can be found
that the spatial resolution of the two newly added channels at the frequencies of 23.8 GHz
and 31.4 GHz is not the same as the other channels. The nadir spatial resolution of channel
1 and 2 is 60 km, and it is 33 km for the other channels. Figure 1 shows the position of
the instantaneous field of view for channel 1 and channel 7. Figure 2 exhibits the vertical
distribution of the weighting function for each channel of the MWTS-IIL. It is indicated in
Figure 2 that channels 14 are generally affected by surface radiation, and the rest of the
channels have their weighting functions peaking in atmospheres with different heights.
The highest sounding level from channel 17 is about 2 hPa.

Table 1. Parameter characteristics of each channel from the microwave temperature sounder (MWTS)
on board the FY-3E.

Channel  Central Frequency (GHz)  Bandwidth (MHz) NEAT Minimum/Expectation (K) Spatial Resolution (km)

1 23.8 270 0.4/0.3 60
2 314 180 0.45/0.35 60
3 50.3 180 0.45/0.35 33
4 51.76 400 0.3/0.3 33
5 52.8 400 0.3/0.3 33
6 53.246 =+ 0.08 2 x 140 0.35/0.35 33
7 53.596 + 0.115 2 x 170 0.3/0.3 33
8 53.948 + 0.081 2 x 142 0.35/0.35 33
9 54.40 400 0.3/0.3 33
10 54.94 400 03/0.3 33
11 55.50 330 0.3/0.3 33
12 57.290344(fo) 330 0.7/0.6 33
13 fo +0.217 2% 78 0.9/0.7 33
14 fo 4 0.3222 + 0.048 4% 36 0.9/0.8 33
15 fo 4 0.3222 4 0.022 4% 16 1.3/1.0 33
16 fo & 0.3222 £ 0.010 4%8 1.6/12 33
17 fo 4 0.3222 + 0.0045 4%3 2.8/2.1 33

The double (+) frequencies in column 2 mean that it is a heterodyne receiver operating in double sideband mode.
The integration time of NEAT is 16 ms.

10N
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Figure 1. The position of the instantaneous field of view for channel 1 and channel 7.
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Figure 2. Weighting function of the MWTS-III. The atmospheric profile comes from the U.S. standard
atmosphere. The adopted rapid radiative transfer model is the Radiative Transfer for TOVS ver.12.

Compared with the MWTS-II, the swath width and the FOV of the MWTS-III have
been significantly improved. The swath width of MWTS-III increases from 2250 km to
2700 km, and the FOV number increases from 90 to 98, which significantly expands the
spatial coverage of the satellite data. Figure 3 shows the spatial distributions of global
brightness temperature on 17 September 2021 that were observed by channel 3 of the
MWTS-III and channel 1 of the MWTS-II, which has same frequency as the former. There is
an orbital gap by the MWTS-II in the latitudes between 30°N and 30°S. Meanwhile, the
high and low-value areas of brightness temperature from the two instruments are almost
the same, but the range of low-value areas observed by the MWTS-II is slightly larger than
that observed by the MWTS-IIL There are some differences in the distribution of the cold
area, which is mainly concentrated on the ocean surface in the middle and high latitudes,
especially on the ocean between 30-60°S. The value difference around the cold areas is
about 5-10 K. The reason for this phenomenon may be the difference in observation time
between the two satellites. The FY-3E is an early-morning-orbit satellite, while the FY-3D is
an afternoon satellite.

The polar-orbiting satellites are flying in the solar synchronous orbit and at an altitude
of about 800 km. In general, the polar-orbiting satellites can provide global observation
data twice a day. Each descending or ascending orbit of the polar-orbiting satellites has
a fixed local equator-crossing time. At present, the observation time of the operational
polar-orbiting meteorological satellites is concentrated at about 9:30 local time (morning
satellite) or 13:30 local time (afternoon satellite). In a 6-h assimilation time window, there
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are always 2-3 orbit coverages missing. Therefore, it is impossible to provide the global
observation data only based on the morning or afternoon satellites.
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Figure 3. Spatial distributions of observed global brightness temperature by the channel 3 of the
MWTS-III on board the FY-3E (a), and the channel 1 of the MWTS-II on board the FY-3D (b) on
17 September 2021.

The early-morning-orbit refers to the satellite observation orbit with the local time
of descending node at about 0600 ETC (Equator Cross Time). The FY-3E is the first early-
morning-orbit satellite for civil use independently developed by China. It not only improves
and enriches the existing modern meteorological operational observation system in China
but also effectively supplements the shortage of satellite observation in the 6-h assimilation
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window, providing a significant contribution to the prediction of the northern and southern
hemispheres and the intercontinental scale regional prediction and remedying the lack of
global observation data [3]. Figure 4 shows the spatial distribution of observation data
by the morning satellite MetOp-A, the afternoon satellite NOAA-18 and the FY-3E in the
6-h observation assimilation time window on 17 September 2021. It can be seen that the
observations of NOAA-18 and MetOp-A can effectively cover the range of China at 0000
UTC (Coordinated Universal Time) and 1200 UTC, which only have a part of the records in
western China at 0600 UTC and 1800 UTC. The FY-3E can supplement the observations on
the area not covered by the observations of morning and afternoon satellites and guarantee
the observation of weather systems affecting China.

90N

GON

30N

150E

150E

(c) (d)
BN NoAA-s B VeopA [

Figure 4. Observation orbits of three satellites (morning, afternoon and early-morning-orbit satellites)
in the 6-h observation assimilation window at (a) 0000 UTC (Coordinated Universal Time), (b) 0600
UTC, (c) 1200 UTC and (d) 1800 UTC on 17 September 2021.

2.2. Introduction of the Radiative Transfer for TOVS Ver.12

The rapid radiative transfer model used in this study is the RTTOV model. It is
developed by the European Centre for Medium-Range Weather Forecasts and has been
used by many numerical weather prediction centers to assimilate the satellite data [13].

2.3. The Fifth Generation ECMWF Atmospheric Reanalysis of the Global Climate

In this study, the fifth-generation ECMWF atmospheric reanalysis of the global climate
(ERAD) is used as the background field data. The ERA5 is a new generation of global
reanalysis datasets from the European Centre for Medium-Range Weather Forecasts, which
can provide the hourly data since 1979. The ERAS5 reanalysis data include the CLWP with
a horizontal resolution of about 0.25° x 0.25°. The study period in this study is from
11 to 25 September 2021.
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3. Analysis of Bias and Its Standard Deviation of MWTS-III
3.1. Spatial Distributions of the Difference between Observed and Simulated Brightness
Temperature at Different Heights

Before the assimilation and application, it is necessary to determine the error and
deviation characteristics of the newly launched microwave instruments. In this study, the
error and deviation characteristics of the MWTS-III are analyzed. To avoid the influence of
the uncertainty of land surface emissivity, the study area mainly concentrates on the Pacific
region in 50°S-50°N and 120°E-78°W.

Figure 5 shows the spatial distributions of differences between the observed and
simulated brightness temperature (O—B) in the Pacific region for channels 1, 7 and 12 of the
MWTS-IIL. These three channels represent the characteristics of atmospheric temperature
at different heights. Channel 1 is a window channel, channel 7 is located in the middle
troposphere and channel 12 is located at the tropopause. It can be seen that there are
significant differences in the spatial distributions of O—B at different layers. The 23.8 GHz
channel enhances the observation of the total water vapor column, which is greatly affected
by weather. Therefore, the absolute value of O—B is generally large and has many small-
scale characteristics. The deviation characteristics on ocean and land are significantly
different, showing an alternate distribution of positive and negative values over the ocean
but consistent negative deviations over the land. The peak values of the weighting functions
of channel 7 and channel 12 are mainly located at 600 hPa and 100 hPa, respectively, so the
spatial distributions of O—B are basically not affected by the weather. However, the spatial
distribution characteristics of O-B are not the same. Channel 7 shows a consistent negative
deviation in the Pacific, and the values in most regions are between —3 K and —1 K. It can
also be observed that there are some large negative value areas in the central Pacific region
of 10°N, which show a large positive value in channel 2 but do not exist in channel 12. This
shows that there are relatively deep clouds in this area, which have affected the height
of 600 hPa. In the Pacific, the absolute value of the O-B of channel 12 is less than that of
2 K, and most areas show positive deviation, while the negative values mainly concentrate
over the tropical areas. Comparing the O-B characteristics of three channels with different
heights, it can be found that the error characteristics of the three channels are different, and
the factors affecting the error of each channel are also different. These factors also need to
be taken into account when analyzing the bias characteristics of different channels.

3.2. Retrieval of CLWP by the FY-3E/MWTS Observation

Although the homogeneous surface type in the ocean can greatly reduce the surface
emissivity errors from affecting the error estimation results, it is still vulnerable to the
influence of clouds. The effective identification of cloudy-sky satellite data is also an es-
sential prerequisite for error analysis and data assimilation [14]. Whether it is clear-sky
assimilation or full-sky assimilation, the effective discrimination of clear-sky data and
cloudy-sky data can provide the appropriate observation error characteristics [15,16]. In
the MWTSH-III, the 23.8 GHz and 31.4 GHz channels are added. Previous studies have
developed the CLWP retrieval method based on the observed brightness temperature
of these two channels, which provides an effective means for the cloud detection of the
MWTS-III data. According to the microwave observation of the window channel with a low
frequency, the cloud liquid water in the non-precipitation cloud can be calculated [17-21].
Weng et al. (2003) proposed that the CLWP and total precipitable water can be calculated
based on the observed brightness temperature, sea surface temperature and wind field
at the 23.8 and 31.4 GHz window channels of the AMSU-A [22]. Therefore, in this study,
the newly added 23.8 and 31.4 GHz channels on the FY-3E/MWTS are used to carry out
the retrieval experiments of the CLWP over the ocean. Based on the method proposed by
Weng et al. (2003) [22], the reanalysis data of the sea surface temperature and wind field are
interpolated into the observation points of the satellite through the Lagrange interpolation,
and then the CLWP is retrieved.
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Figure 5. Spatial distributions of the difference between the observed and simulated brightness
temperature (O—B) in the Pacific region for (a) channel 1, (b) channel 7 and (c) channel 12 of the
MWTS-III on 17 September 2021.

Figure 6a shows the spatial distribution of the retrieved CLWP from the MWTS-III
observation in the Pacific region on 17 September 2021. The gray area represents the
CLWP below 0.02 kg:m~2, and the white area is with missing observations. To verify
the accuracy of the retrieval products, the cloud liquid water product from the ERA5 at
the same time is shown in Figure 6b. For the convenient comparison between them, the
cloud liquid water product of the ERA5 at the corresponding time has been interpolated
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to the satellite observation points. It takes the satellite a certain time to cover the whole
Pacific Ocean, and the cloud liquid water path will also change significantly during this
time. Therefore, in order to ensure a better time correspondence between the ERA5 and
the observation data, for each observation data, we have to select the ERA5 reanalysis
data closest to the observation time from the hourly ERA5 data and interpolate it to the
observation position. At the same time, in order to ensure the consistent resolution of the
two data, the interpolation method chosen is the spatial average method. The CLWPs of
the ERA5 within 60 x 60 km around each observation are spatially averaged as the CLWPs
of the ERA5 corresponding to that observation. Through the comparison, it can be found
that the distributions of cloud liquid water are similar. Especially, the high-value areas
of the two are close, which mainly locate in 10°N, 40-50°N and 40-50°S. The larger the
CLWP is, the thicker the clouds are, which may be due to the more deep convective clouds.
However, in terms of the magnitude, the value of the retrieval product is slightly larger
than that of the reanalysis data. It can be found that the value of 0.02-0.04 kg-m~2 exists
in a wide region for the ERA5 cloud liquid water product, where the CLWP value of the
MWTS-III retrieval product is less than 0.02 kg-m 2.

150E 180 150W 120W
l [ —
002 004 007 01 02 03 04 05 1 L5 (kem?)

(b)

Figure 6. Spatial distributions of cloud liquid water path (CLWP) from (a) the retrieval of the
MWTS-III and (b) the ERA5 over the Pacific region on 17 September 2021.
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To more obviously compare the difference between the clear-sky points obtained by the
MWTS-III retrieval products and the CLWP products from the ERA5, the cloud detection of
the microwave sounding data is carried out based on these two CLWPs. According to the
standards of previous research, the clear-sky data are defined as the data with the CLWP
below 0.02; otherwise, it is considered as cloudy-sky data [23]. Then, the O—B standard
deviations from each channel in the clear-sky areas are calculated, and the results are shown
in Figure 7.

ERAS
mmmm—— Retrieve

[S—
n
o

L

1

1

[E—
<
L
N B
o

W
[u—

| T 1 0 | T 1T 1
e
Std(K)

|
wn
IWI]IIIW
|
ek

Percentage(%)
o
L1 1 1 ] L1 1 1 I L1 1 1 | L1

s
-
|
|
N

| -
T 1 1

I

I
[Sa
)

|
('8

I ' | ' ' | ' I { ‘
1 3 6 9 12 15
Channel

ot
~]

Figure 7. Standard deviations of O—B at clear-sky points from each channel over the Pacific region
from 11 to 25 September 2021. The standard deviation for the MWTS-III and the ERAS (red line and
blue line, right scale); Difference between the deviations for the MWTS-III and the ERA5 (black line
and shaded region, left scale).

Figure 7 displays the standard deviations of O—B at the clear-sky points for each
channel based on the cloud detection of the CLWP products from the MWTS-III retrieval
and the ERAS5. To further eliminate the impact of abnormal data on the statistical results,
the abnormal data with an absolute value of O—B above 5.0 K are excluded. It can be seen
from the results that, for the high-level channels (channels 11-17), the results obtained by
the two methods are similar, with the difference within 1%. This is because the high-level
channel is not sensitive to clouds. However, for the low-level channels (channels 1-10),
the standard deviation obtained by the cloud detection method based on the MWTS-III
retrieved CLWP is noticeably less than that obtained by the cloud detection of the ERA5
CLWP product. Especially, the disparity for channels 2—4 is more significant. The difference
between the standard deviations reaches about 7%, which is about 4% for other low-level
channels. It can be seen that the improvement of the O—B from low-level channels of the
FY-3E based on the retrieved CLWP is effective, which also reveals that the performance of
cloud detection based on the retrieval of observation data is better than that based on the
reanalysis data if used for the cloud detection of the MWTS-III observation data. Of course,
we also need to acknowledge that, here, the ERA5 CLWP is interpolated to the observation
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points, and there must be a resolution difference, which may be one of the reasons why
the retrieval product works slightly better. More importantly, the CLWP of the reanalysis
data is not available in real-time assimilation. The results here can prove that the co-located
cloud detection based on the retrieval of observation data can meet the needs of real-time
assimilation well.

4. O-B Variation Characteristics with MWTS-III Field of View and Regions

One of the characteristics of the cross-track scanning instrument is that the observed
value changes with the scanning angle. This is due to the variation of the optical path and
the weighting function peak with a scanning angle. After eliminating abnormal data by the
cloud detection and quality control methods, the variations of the average and standard
deviations of O-B from each channel ascending and descending orbit with the FOV from
11 to 25 September 2021 are presented in Figure 8.

The left column of Figure 8 shows that the average of O-B at different channels mainly
concentrates between +2 K. Only the deviations of channels 8 and 10 are negative, with
the value between —2 K to —3 K. The difference in the average of O-B at ascending and
descending orbit is small. They have a similar trend, but there are some differences in
value, which is basically less than 0.1 K.

The right column of Figure 8 shows the variation curve of the standard deviation of
O-B with the FOV. The standard deviation of O-B for each channel is less than 1.5 K. The
standard deviations are between 1-1.5 K in channels 1-3 and 17, and the maximum of
1.5 K is reached in channel 1. Through the comparison of the standard deviations in the
channels at different layers, it is found that the standard deviation of the channels 5-11 is
the smallest, with the value being basically between 0.3-0.6 K. Similar to the characteristics
of the average of O-B at ascending and descending orbit, the difference in the standard
deviation of O-B at ascending and descending orbit is still small. In addition, we also
found that the average and the standard deviation of O-B from the channels 1-10 shows
a prominent symmetrical variation characteristic with the FOV from Figure 7. Additionally,
there is an obvious fluctuation with the FOV, especially for the average of channels 14-17
and the standard deviation of channels 16 and 17.

There are differences in the FOV of satellites at different latitudes due to the spher-
ical characteristics of the earth, causing different error and deviation characteristics of
the satellite observation data at different latitudes. Figure 9 shows the variations of the
average and standard deviations of O-B with latitude. It can be seen that the variation
range of the average O—B in different channels at different latitudes is basically between
—2 K to 2 K. The averages of O-B in channels 4, 7, 8 and 10 are negative, while they are
positive in channels 15-17. The standard deviations of O-B in most channels are less 1.0 K,
but they are 1-1.5 K in channels 14 and 17. Similar to the results in Figure 8, there is
still no significant difference between ascending and descending orbit. The average and
standard deviation of O-B in most channels does not change significantly with latitude.
The absolute values of average O-B to the north of 20°N in some channels decrease slightly,
and the standard deviation increases with latitude in channels 3-7. Especially, the standard
deviation increases by 0.3 K for channel 4 and 0.1 K for channel 5. However, in the south
of 20°N, the average and standard deviations do not vary significantly with latitude. For
channels 11-17, where the peak of weighting function is located at the tropopause and
stratosphere, the variation magnitude of the average and standard deviations of O—B with
latitude is relatively small.
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Figure 8. Variations of the (a,c,e) average and (b,d,f) standard deviation of O—B with the field of view
(FOV) for each channel over the Pacific region from 11 to 25 September 2021. (solid line: ascending
orbit; dashed line: descending orbit).

However, it should be pointed out that the results here are only obtained based on
the data of two weeks, and the influence of weather systems is unavoidable, especially
the obvious change of bias and s.t.d. In the north of 20°N, this may also be the reason for
the insufficient effect of cloud detection due to the complexity of the mid latitude weather
system. For channels 11-17, where the peak of the weighting function is located at the
tropopause and stratosphere, these channels are basically not affected by the cloud, and
this feature basically does not exist.
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Figure 9. Variations of (a,c,e) the average and (b,d,f) standard deviations of O—B for each channel
of the MWTS-III over the Pacific region with latitude from 11 to 25 September 2021. (solid line:
ascending orbit; dashed line: descending orbit).

5. Discussion and Conclusions

The FY-3E is the world’s first early-morning-orbit satellite independently developed
by China. It improves and enriches the existing modern meteorological operational obser-
vation system in China and effectively supplements the shortage of satellite observation
in a 6-h assimilation window. Determining the error characteristics is essential for the
assimilation application of the MWTS data from the FY-3E.

In this study, the error and deviation characteristics over the Pacific region are analyzed.
Based on the new channels of 23.8 and 31.4 GHz, the CLWP over the ocean areas is
successfully retrieved. The cloudy-sky data is recognized based on the retrieved CLWP.
Finally, the variation characteristics of O—B from different channels in clear-sky with the
FOV and latitude are analyzed in detail.
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The results show that the retrieved CLWP based on the newly added 23.8 and 31.4 GHz
channels can effectively recognize the cloudy-sky and clear-sky data over the ocean. For the
clear-sky data, the average of O—B from different channels mainly concentrates between
+2 K. There are large negative deviations for channels 8 and 10. The standard deviations
of O—B in different channels are all below 1.5 K, and they are between 0.3-0.6 K for the
channels 5-11, which is significantly lower than those of the channels at other heights. The
average and the standard deviation of O—B from the channels 1-10 shows an obvious
symmetrical variation with the FOV. There is an apparent fluctuation with the FOV for the
average of channels 14-17 and the standard deviation of channels 16 and 17.

The average and standard deviations of O—B vary with the latitude in the north
of 20°N for the channels 3-7. The average of O—B decreases with the latitude, but the
standard deviation increases with the latitude, especially for channels 4 and 5. The standard
deviations of O—B in the channels 11-17 are stable, with an apparent variation characteristic
with latitude.

In general, the early-morning orbit makes the microwave sounder of the FY-3E comple-
ment the present morning and afternoon satellite very well, and the two additional window
channels provide good conditions for the identification of clear sky and cloudy data for
the satellite data assimilation. The stable bias and error characteristics provide a good
basis for the effective assimilation of this data, so the evaluation results all indicate that the
assimilation of the microwave sounding data of the FY-3E can make valuable contributions
to the improvement of numerical weather prediction.

In this study, only the observation data of the MWTS-III on board the FY-3E for half
a month are used to analyze the error characteristics over the ocean. In future studies, the
long-term observation data of the MWTS-III will be used to analyze the error characteristics
on the land.
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