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An Initial Evaluation of FY-3A Satellite Data ECMWF

Abstract

FY-3A, launched in May 2008, is the first in a series of sevetemmlogical satellites due to be launched in
the period leading up to 2020 by China’s Meteorological Adistration. The FY-3A payload includes four
instruments of particular interest for NWP: microwave temgiure and humidity sounders; a microwave
imager; and an infrared sounder. During 2009 data from tlibrefion-validation phase of the FY-3A
mission were introduced into the ECMWF Integrated Foréegsystem in order to assess data quality
and provide feedback to FY-3A instrument teams. An analykisst guess departures has shown the data
to be of good quality overall. Several issues with instrubpeErformance and ground segment processing
have been identified. The most serious of these are: uncietin the temperature sounder passbands
on-orbit; orbital biases in the infrared instrument affiegtthe highest peaking channels; and scan biases
in the microwave humidity sounder. Variational bias cotigtpartially corrects for these errors but more
work remains to be done to correct the problems before dpeedtimplementation. In observing system
experiments the FY-3A instruments, both individually aséaackage, show considerable skill when added
to observation depletecbntrol experiments. When added to a full observing systenimpacts are neutral

to slightly positive, as expected. These initial resulesercouraging and build confidence that the following
series of FY-3 instruments will be widely used in NWP dataragation systems. Preparations are underway
to assess data from the next satellite in the series: FY-@8talbe launched later in 2010.

1 Introduction

Since the start of China’s meteorological satellite progree in 1969 two parallel research and development
strategies have been followed. The first involves the etation of data from existing satellite instruments,
launched by other national agencies. The second invoheesléhielopment and deployment of China’s own
series of meteorological satellites. China has succégdfuinched and operated both geostationary and polar
orbiting satellites I{i (2001), Meng (2004) which have been nameeengYun meaningwind cloud often
shortened to FYN. OddN denote the polar orbiting series, whereas eNalenote the geostationary series.

Following the launch of China’s first polar orbiting satel(FY-1A) in 1988, China has launched a series of
four further polar orbiters (FY-1B/C/D and FY-3A) and fiveagtationary satellites (FY-2A/B/C/D/E). Both
programmes will continue over the next decade and an arabischedule of launches in currently planned,
accommodating increasingly sophisticated sensors faatipaal meteorology.

FY-3A is the preparatory platform for the subsequent seasfesix polar-orbiting satellites (FY-3B - FY-3G)
currently planned for launch between 2010 and 2020. FY-38 lanched from the Taiyuan Launching Cen-
tre on May 27, 2008. The 1812300 kg payload of FY-3A comprises a suite of 11 instrumébtsng et al.
(2009, Zhang et al(2009). Of particular interest for NWP data assimilation are tifiee instruments which
make up the Vertical Atmospheric Sounder System (VASS)Mi@owave Temperature Sounder (MWTS);
the Microwave Humidity Sounder (MWHS) and the Infrared Aspberic Sounder (IRAS). These cross-track
scanning instruments are similar, but not identical, incfmation to the Microwave Sounding Unit (MSU),
the Advanced Microwave Sounding Unit-B (AMSU-B, recentiplaced by the US/European Microwave Hu-
midity Sounder, or MHS) and the High Resolution Infrared &ter (HIRS) carried originally on the US Polar
Orbiting Environmental Satellite System (POE&opdrum et al(2009). Also of interest for NWP is the
10-channel Microwave Radiation Imager (MWRI), a conicarstng instrument similar in specification to the
Advanced Microwave Scanning Radiometer (AMSRawanishi et al(2003).

As a preparatory platform it is important that the perforg®iof the FY-3A sensors is assessed carefully, in
order that any deficiencies in the design or on-orbit opanatif the instruments can be addressed in future
instruments. A cooperation agreement between ECMWF and @ad#itated an opportunity to assess the
FY-3A data at ECMWF immediately after the completion of tlely on-orbit testing phase. As part of a
comprehensive calibration/validation programme radéanmoeasured by the suite of VASS sounders as well as
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the MWRI have been compared to radiances modelled from NV¢Rgbaund fields, using radiative transfer
modelling. This approach is now common practise as the highracy of NWP fields, coupled with accu-
rate radiative transfer calculations permits the detaatiitsystematic errors in the satellite measured radiances
(Bell and Coauthorg2008, Bormann(2009). For example, for temperature sounding radiances mexdlell
brightness temperatures can reveal systematic errorseaf sehths of a Kelvin in measured brightness temper-
atures. For moisture sounding channels the sensitivitgwigll, but errors of around 1K can be detected using
this technique.

This report describes an initial evaluation of FY-3A datinggshe ECMWF Integrated Forecasting System
(IFS). This evaluation has focused on assessing datayjttaiitugh an inspection of first guess departure fields
and associated statistics. The data has also been asdesaeghtObserving System Experiments (OSE’s) in
which data from the four FY-3A instruments have been intoedlinto baseline (observation depleted) and
full-system experiments, in order to assess the impact ofPWalyses and forecasts.

In Section 2 a more complete description of the FY-3A instatncharacteristics is given. In Section 3 the
assessment of data quality is presented based on an arwlfiss guess departures. Observing system exper-
iments are described in Section 4 and some conclusions gggstions for future work are drawn in Section
5.

2 TheFY-3A Satdlite and Instruments

21 FY-3A

FY-3A is a sun-synchronous polar-orbiting environmentgkeBite with an orbital inclination of 98°8 The
satellite platform is a hexahedron of dimensions®4x 2.0 meters with a total mass of approximately 2300
kg. Attitude control of the satellite is achieved througtretitaxis stabilisation with a measuring precision of 50
meters from the on-board star sensor. The altitude of FYs323il km giving an orbital period of 102 minutes
(equivalent to 14 orbits per day). The design life of FY-3Ahisee years.

The FY-3A global data receiving network is made up of four éstit ground stations (Beijing, Guangzhou,
Urumgi and Jiamusi), and a high-latitude station at Kirufie data received from Kiruna station arrives at
Beijing with a delay of about 3.5 hours. FY-3A data can be ioleic by users in several ways. Firstly, the FY-
3A spacecraft has a direct broadcast system for real-tioedoasting of all FY-3A data. Users worldwide can
receive High Resolution Picture Transmission and MissimtuRe Transmission (HRPT and MPT) data using
their own receiving facilities and procegi a software package which is currently under developmenhéy t
National Satellite Meteorological Center of China Metdogical Administration (NSMC/CMA). Secondly,
users can obtain data through the FENGY UN-cast systemtepos the National Meteorological Information
Center of the China Meteorological Administration (NMIG®/3). A third option uses a web-based system at
NSMC (online athttp://fy3.satellite.cma.gov.gn

The FY-3A spacecraft carries eleven instruments and indhidy we focus on the four instruments of the
VASS package of most interest for NWP data assimilati@the Microwave Temperature Sounder (MWTS),
the MicroWave Humidity Sounder (MWTS), the InfraRed Atmbepc Sounder (IRAS) and the MicroWave
Radiation Imager (MWRI).
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2.2 Microwave Temperature Sounder (MWTYS)

Until the recent advent of advanced IR sounding instrumenisrowave temperature sounding data from high
performance radiometers was the single most importaniisatata type in NWP data assimilation systems
(English et al(2004). Microwave temperature sounding data, by proving a¢etirdormation for the analysis
of mass fields, is still a key component of NWP data assiroiteslystems.

The FY-3A Microwave Temperature Sounder is a four chanredsztrack scanning radiometer similar in spec-
ification to the Microwave Sounding Unit (MSU) carried on N@&8-NOAA-14. The channel characteristics
are shown in Tablé. The main reflector of the instrument is rotated through glsimeasurement cycle once
every 16 seconds to give, for each scanline, 15 scene fieldewftogether with a view of cold space and
the on-board warm calibration target. The cold space andhwarget views are used to perform a two point
radiometric calibration, mapping dimensionless scemntsto brightness temperatures, every scanline. The
swath width is 2250 km.

The reflector aperture is 10.7 cm in diameter which givestasefootprint diameter of 62 km at nadir. From
Table 1 it can be seen that designed radiometric sensjteiyressed as a noise equivalent brightness tem-
perature (NRAT) is approximately 0.4 K for the channels 2-4. This is costied in Tablel with the lower
NEATSs for the AMSU-A equivalent channels. It is expected thatlrgest impacts on forecast accuracy for
the VASS suite will result from the use of the MWTS radianc&sirthermore, it has been shown in recent
studies Bell et al. (2010) that the impact of microwave sounding data on analysisfaretast accuracy is
sensitive to the radiometric noise performance of tempegatounding channels. It is therefore to be expected
from the outset that the positive impact of the MWTS instraimeill be less than that obtained from AMSU-A,
with lower noise levels and a more complete set of temperaaunding channels spanning the troposphere
and lower stratosphere.

The specifications of MWTS instruments for subsequent F¥issions will be progressively improved. For
example FY-3D, which is currently planned for launch in 20d#l carry a 13 channel MWTS instrument.

2.3 Microwave Humidity Sounder (MWHYS)

Microwave sounding channels spanning the water vapourrptiso line at 183 GHz have been shown to
provide important information for the analysis of uppempwepheric humidity in global data assimilation sys-
tems @ndersson et al2007)). To date this data has been provided by sensors on the NA2&Splatforms
(AMSU-B and MHS) and more recently the European MetOp-Afptat (MHS).

The MicroWave Atmospheric Humidity Sounder (MWHS) on-tb&iY-3A is a 5-channel instrument similar in
specification to AMSU-B/MHS with channels in the frequenapge 150-183 GHz. The channel characteristics
are shown in Table. MWHS has an aperture of 14 cm, giving a nominal field of viewlkm at nadir.
MWHS differs from AMSU-B in that it includes a dual-polartgan channel at 150 GHz (v, h) (channels 1
and 2 respectively) rather than including a channel at 89.GEtampared to AMSU-B, MWHS has 98 steps
per scanline over the 2700 km swath while AMSU-B has 90 stepspanline over a 2250 km swath. The
radiometric performance of MWHS is very similar to that of S\-B/MHS.

It is planned that the MWHS will be further improved for FY-3Brough the inclusion of 3-channels in the
118 GHz band. These channels will provide information ongterature, water vapour and cloud fields which
complements that available from traditional sounding anaging channels.
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2.4 Infrared Atmospheric Sounder (IRAS)

Infrared sounders have been used for NWP data assimilatioe the launch of the first HIRS instrument on
NIMBUS 6 in 1975. Originally designed to be the primary temgtere sounding instrument on the TOVS/ATOVS
platforms, the practical difficulties of reliably screegitihe IR measurements for cloud radiative effects as well
as the reduced coverage due to cloud contamination haseedoe impact of filter based IR radiometric data.
Consequently microwave sounders have had a more significaitive impact in NWP DA systems. The in-
troduction of advanced high resolution infrared instrutedrased on high performance interferometers (IASI
Challon et al(2001)) or grating spectrometersdAIRS LeMarshall et al(2006)) offering high spectral resolu-
tion, wide spectral coverage, excellent radiometric perbnce and hence enhanced information in the vertical
has elevated the importance of IR sounding data for NWP daiendation applications. There is evidence that
these instruments have the largest impact of any obsenvatie in NWP DA systemsHjlton et al. (2009,
Cardinalipers. comn).

As a first step towards an FY-3 advanced IR sounding capalti@ InfRared Atmospheric Sounder (IRAS),
a HIRS/3-like instrument, is the primary sounder for FY-3RAS has a total of 26 channels, the first 20
of which are similar to HIRS/3 channels while the six addiibchannels enable IRAS to measure aerosols,
carbon dioxide columns, and cirrus clouds. The channelifsgettons of the IRAS instrument are given in
Table3. The instrument is a cross-track scanning radiometer wighoand footprint 17 km in diameter at
nadir. Calibration is achieved once every 40 scanlines laogbint calibration based on deep space views and
warm target views.

2.5 Microwave Radiation Imager (MWRI)

The MicroWave Radiation Imager (MWRYI) is a conical-scagninicrowave imager operating at five frequen-
cies in the range 10-89 GHz, each with dual polarisatioringit0 channels in total. The channel specifications
are shown in Tabld. MWRI has an aperture of 90 cm, giving a frequency dependentrgl footprint in the
range 12-80km over a swath width of 1400 km. This contraste @5MI, for example, which has a main
reflector 60 cm in diameter, giving ground footprints in taage 12-25 km over a swath of 1400 km.

In common with most conical scanning radiometers calibreis achieved by a two point radiometric calibra-
tion using cold space and warm target views observed oncedgagtine. Integration times of 2.7 msecs per
footprint lead to NRAT values as shown.

The rotation of the main reflector of the FY-3A MWRI has led tabialances in the FY-3A platform and this
has resulted in an observing strategy in which the MWRI ig apun-up and operated for short and intermitent
periods. The assessment of the data in the following sectiais been based on some of the available data
segments, obtained during the period 10-17 September 2@D8G20 October 2008.

3 Data Monitoring and Assessment

The capability to process FY-3A data was developed in IFSdimg on CY35R2) during 2009. Follow-
ing the processing schemes for the analogous POES/Met@gtAiments, IRAS, MWTS and MWHS data
was processed using tlodear-skystream, whereas the MWRI data was processed usinglitsiy stream
(Bauer et al(2010, Geer et al(2010 andGeer and Bauef2010). Key technical details of the implementa-
tion are summarised in Tabtefor reference. The FY-3A IFS technical changes were imptdatkin CY36R3
and, subsequently, the capability to process FY-3B datamplemented in CY36R4
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3.1 Coverage, Observed Brightness Temperatures and First Guess Departure Fields

FY-3A is in a morning orbit with a local equatorial crossingé (ascending/descending) of 10:05 and 22:05.
This is 30 minutes later than MetOp-A and 1 hour later than M&A. Figurel shows that there is consider-
able overlap of the FY-3A MWTS swath with other satellitegy@rtheless FY-3A complements the coverage
provided by Metop AMSU-A.

MWRI data was only available for descending sections of thut evhich prevented a meaningful compari-
son with AMSR-E observations, but a comparison of the oleskbrightness temperatures from the MWTS,
MWHS and IRAS instruments with the analogous MetOp-A ATOYSiuments is presented in Secti@s.1,
3.1.2and3.1.3respectively below.

3.1.1 Microwave Temperature Sounder (MWTS)

The swath width of 2250 km results in FY-3A MWTS achieving mgibal coverage in each 12 hour assimi-
lation window. Figure2 shows the observed brightness temperature fields for eable &6ur MWTS channels
(1-4). sShown for comparison in Figugeis the observed brightness temperatures for the equivAlRIBU-A
channels (3, 5, 7 and 9 respectively) from MetOp-A. The oleebrightness temperature fields are broadly
similar. The smaller number of footprints for the MWTS (18npared to 30 for AMSU-A) gives rise to an
apparent partiatjuantisationof the brightness temperature histograms for MWTS, mosgtesui for MWTS
channels 2 and 3. This is to be expected. A feature of moreecoris the apparent +2K shift in the peak
of the distribution for MWTS channel 4 relative to AMSU-A cireel 9. The brightness temperatures at this
peak are associated with observations in the tropics. Ossilge explanation for this effect is that a shift in
the passband of the radiometer, relative to the nominalifsgeg@on, would give rise to a shift in measured
brightness temperatures. The magnitude of this bias shHmiletlated to the local lapse rate in the tropical
lower stratosphere where MWTS channel 9 peaks. Measursroétite passbands from pre-launch testing of
the instrument, which became available during this asseisisrare shown in Tablg The pre-launch measure-
ments show shifts of 40 MHz for channel 4 relative to the djtipassband. There is also evidence of shifts
in the other MWTS channels.

Figure3 shows the nominal channel passbands for MWTS and for AMSUWaknels 3-10. For the common
passbands the band specifications are very similar. As caedie from Figure, the passband for MWTS
channel 4 is located in the relatively flat spectral regionlway between two adjacent,@bsorption lines.
Any shift in the frequency of the passband will result in thetiument sampling an optically deeper part of
the spectrum, resulting in an upwards displacement of thghtiag function. For MWTS channel 4, with
a weighting function that peaks in the lower stratosphererattiemperatures are close to a minimum, this
displacement is associated with elevated observed baghtiemperatures.

To estimate the magnitude of the channel frequency drifiired to produce a 2K shift in observed brightness
temperatures some calculations were carried out usingalrine radiative transfer modeViatricardi et al.
(2000). Brightness temperatures were computed for an enserhbtenospheric profiles drawn from a diverse
profile datasetChevallier et al(2006 ) assuming frequency shifts in the rangge200 MHz. These are large
frequency shifts, and normally it would be expected thabdit passbands would drift by less thanl.5MHz

for these channels, however such large drifts are requarezkplain errors of 2K. Figurd shows the result
of these calculations and demonstrates that a shift of +18@,Mr -100 MHz gives a reasonable fit to the
estimated error in the brightness temperatures. The egrerib estimated as the difference between FY-3A and
AMSU-A brightness temperatureie AMSU-A is taken here as a proxy for the true brightness teatpee).
Simulations of the effects of drifts of 160 MHz or 200 MHz gsignificantly worse fits to the estimated errors.
Furthermore the form of the simulated error, showing a prynmaaximum in the latitude band 30° and a
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secondary maximum in the southern polar region is in agraemith the estimated errors. The symmetry of
the spectrum in the region around the passband makes it ificylt to estimate the sign of the drift.

To further confirm the hypothesis that the error is due to aisant channel frequency drift, and to provide
new pass band specifications, it will be necessary to genet radiative transfer coefficients assuming a
frequency drift of around 100 MHz. By an iterative processhibuld be possible to improve estimates of
the on-orbit passband parameters for MWTS. At the curremé @ study supported by EUMETSAT aimed
at refining the passband specifications of a post-EPS miema@under has recently concluded that negative
impacts on forecast quality are detectable for channel&rqy drifts greater than 1.5 MHz. This represents
the uncertainty to which it is necessary to determine thambigpassbands. Time did not permit a more detailed
investigation during this preliminary assessment.

Figure5 show the first guess departures, prior to bias correctionVii&WTS and MetOp-A AMSU-A respec-
tively. A comparison of these plots shows some interesteggures. For MWTS Channel 1 the distribution
is approximately 2K colder than for the equivalent AMSU-Aachel (3). For MWTS channel 2 the peak of
the distribution of first guess departures is colder tharetigvalent AMSU-A channel (5) by approximately
0.6K, however, for both MWTS channels 1 and 2 the bias isivelgtinvariant with airmass,e the first guess
departure field is approximateRat. This could be an artefact of the calibration process, famgle in the
antenna to brightness temperature corrections. In canfiasMWTS channel 3 and 4 there is a stronger
airmass-related bias, with more negative first guess daparin the tropics and more positive departures in the
extra-tropics. In light of the discussion above on the app@apositive bias in MWTS channel 4 this appears
surprising at first sight. Table, however, shows that treessumegassband specifications, for the purpose of
generating RT coefficients, was displaced by 140 MHz redativthe nominal specification. In effect this dis-
placemenbver-correctedhe brightness temperature bias, causing a negative bias first guess departures.
The equivalent AMSU-A channels (7 and 9) show much weakenass dependent biases. The large positive
biases for MWTS channel 3 (0.5-1.0K) at°6® in the eastern hemisphere are particularly striking. & lage
also large differences in first guess departures over laodtorbias correction. Despite these biases, the value
of the data in an NWP data assimilation system depends Yaogethe ability of the bias correction scheme to
eliminate these biases prior to assimilation.

Variational bias correction (VarBC, s&ee(2004) was used to correct the FY-3A biases, using the same set
of eight predictors used for ATOVS (one constant offsety fimickness based predictors and three related to
scan angle for the correction of cross-track scan biases Fatde7 and Table8). The magnitude of the bias is
shown for both MWTS and AMSU-A in Figuré These biases have been spun up over a period of 10 days.

Generally VarBC is applying larger bias corrections for M®/than for AMSU-A. VarBC is having to work
harder to eliminate the biases evident in the data and thizisifested as a larger spread in bias correction
histograms. For all MWTS channels the signature of an aisrdapendent bias is evident which is less evident
in the AMSU-A corrections.

Figure 7 shows the first guess departures for MWTS and AMSU-A aftes b@rection. Clearly VarBC is
significantly reducing the spread of the first guess depafietds for MWTS. For MWTS channels 3 and 4

a weak residual airmass dependent bias is still evidentdrbihs corrected departures which is less evident
in the equivalent AMSU-A channels. This airmass depend&# i3 most probably related to the remaining
uncertainty in the channel passbands and, at several tehghikelvin, is potentially significant. The demand-
ing requirements for temperature sounding radiances nthkegresence of these localised biases a concern,
nevertheless the global first guess departure statisticsfasufficient quality to justify an assessment of the
MWTS radiances in assimilation experiments.
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3.1.2 Microwave Humidity Sounder (MWHS)

Figure8 shows the first guess departure fields before bias correfctiddWHS channels 1,3,4,5 - the 150 GHz
window channel and the 183, +3,+7 GHz water vapour sounding channels respectively. Charinehd 5
observed radiances exhibit negative biases relative tmtaelled radiances whereas Channels 3 and 4 exhibit
positive biases. Channels 3-5 show signs of a cross-traxk Wwhich can be difficult to fully correct using
the existing VarBC scheme in which low order polynomialstie scan angle are used as predictors. Figure
8 also shows the same first guess departure fields after bieection. The mean fields have been corrected
effectively, but a residual scan bias remains. This is dised in more detail in S&2below. For comparison
the equivalent first guess departure fields are also showddt®p-A MHS in Figure8. The global departure
statistics for MWHS are very similar to those for AMSU-B / MH8&d of sufficient quality to assess the impact
of the radiances on analysis and forecast accuracy.

3.1.3 Infrared Atmospheric Sounder (IRAS)

Figure 9 shows the first guess departures for a subset (channelsf4hg tIRAS long wavelength COband
temperature sounding channels, before and after biasctiore Also shown for comparison are the first guess
departure fields for the equivalent MetOp-A HIRS channelsr ¢hannel 4 (centred at 703 ch) with a
weighting function peak at 400 hPa, the post-bias correaleparture field shows residual localised positive
biases around 6&, O’E of approximately +0.6K. This bias is not evident in the Hi&R®a for this cycle. Some
sections of specific orbits also appear to exhibit biase® gliiferent from adjacent orbits, see for example the
section of orbit in the range 8W/ - 120°W. The overall spread of the first guess departures is laggdRAS
channel 4 (standard deviation of 0.33 K) compared to HIRE3(&). Post-bias correction standard deviations
for all of the channels shown in Figu@&(middle column) are larger by 60 % than the equivalent MefOp-
HIRS equivalents.

Figure10 shows the first guess departures for channels 11 and 12 (veqteur sounding channels) and chan-
nels 14 and 15 (short-wave G@hannels) before and after bias correction respectivalygitive global biases
for channels 11 and 12 are reduced, and made negative, byCVaiie localised positive bias at &), dis-
cussed above for channels 4-7, is also evident in these elsaand is absent in the equivalent MetOp-A HIRS
fields, also shown in Figur&Q.

Localised biases in the higher peaking IRAS temperaturediog channels (1-3) have similar geographical
distributions and are of larger amplitude. The correlatiérihese biases across several channels appears to
support the hypothesis of an orbitally dependent calibnainstability related to changing solar illumination
and associated thermal cycling of the instrument arounathié. Figurell shows the evolution of the local
solar zenith angle with time for four orbits as well as tenapere sensor data from the on-board blackbody.
The blue shaded area indicates when the satellite is in Eaitiow (local night at the spacecraft location). The
temperature sensor data shows that the temperature ofatiisfithe instrument increases as the instrument
emerges from shadow, and begins to drop prior to enterinthEs&iadow again. This thermal cycling is not
necessarily a problem, but does indicate that there is tleayeling in at least some components of the instru-
ment. The middle panel of Figulel shows the evolution of first guess departures for IRAS chahoger the
same period. Also shown is the derivative of the temperatensor data (with respect to time) which exhibits a
strong correlation (albeit lagged) with the first guess depa time series. The first guess departures are being
used here as a proxy for the error in the measured brightaegsetratures. The red shaded area shows where
the first guess departures exceed a specified threshold epetiodicity of these regions support the hypoth-
esis that the bias in the observed brightness temperaturetated to the thermal cycling of the instrument.
The bottom panel of Figur&l shows the evolution of the (derivative of the) temperatuaador four of the
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blackbody sensors illustrating that several parts of thimmonent exhibit significant thermal cycling and may
indicate that the black body is prone to thermal gradients.

Figure1l2 compares the time series of first guess departures for IRASHRS channels 1 to 4 over the course
of two orbits. Large biases are evident in IRAS channels 12aibdt are more difficult to discern for channels 3
and 4 where the evolution of the departures is more compiexilé® biases are also evident for HIRS channels
1-3.

Further work is needed to establish whether the observgtitbgss temperature bias is caused by orbital ther-
mal cycling. This work should consider the geometry of th&trimment in relation to the spacecraft and should
draw upon the full set of auxiliary data available from thetinment. The insights gained may help in the
refinement of the instrument design for future FY-3 IRAS1uastents. In the short term, a more detailed inves-
tigation will help in developing quality control schemes fbe assimilation of data from the IRAS instrument.

3.2 Scan Biases

Figure 13 shows the scan biases for the MWTS, compared to those forcihigadent MetOp-A AMSU-A
channels. This plot shows the mean bias correction averaigbtl days. MWTS exhibits channel dependent
cross track biases with peak-peak amplitudes in the rar@j€. TFhese are larger than the scan biases for the
equivalent AMSU-A channels but these are generally weltae by the bias correction scheme. Residual
biases are largest for channel 3 where the low order polyaidimim of the cross track correction struggles to
fully correct the more complex cross track bias pattern,fouthannels 1, 2 and 4 the residual scan biases,
post-correctionare as small as those for the equivalent AMSU-A channels.

Figure 14 shows the scan biases for the MWHS, compared to those fovadent MetOp-A MHS channels.
Here the dominant component of the scan bias, for channé|sisla complex modulation across the swath
with a peak-peak amplitude in the range 0.5 to 2 K. The low opdéynomial (in scan angle) bias predictors
are unable to deal adequately with this form of cross traek $as and consequently biases are evident even
after bias correction. Such biases have been observeddaniotruments, for example in NOAA-19 AMSU-A
channel 7 Bormann(2009) and present difficulties for the existing ECMWF bias cotien scheme. Possible
solutions to this problem would be to implement a scan pmsitiependent offset in the pre-processing of the
radiances, using values derived from this study, or to implat a scan position dependent predictor in VarBC.

Figure15 shows the scan biases for a subset of the IRAS channels, cednjgethose for the MetOp-A HIRS
equivalent channels. For the temperature sounding ctashelwn here (4-7) it can be seen that although
the corrections applied are relatively large, as large 8K 3or channel 4 for example, the bias corrected
radiances show no significant residual biases across thi siftar correction. The corrections applied for
these channels are, however, significantly larger tharethpplied to the equivalent HIRS channels, which are
generally below 0.5K for these channels. For channels 11wager vapour sounding channels ), 14 and 15
(short wave temperature sounding channels) the bias tiomecapplied to the IRAS channels are as large as
2K, significantly larger than the corrections applied to ¢ygiivalent HIRS channels (generally less than 1K
for these channels). Nevertheless the bias correctioffeist®i in reducing the mean IRAS bias to below 0.2K
for these channels.

Figures16 and 17 show the scan biases for the MWRI and AMSR-E respectively. aidMWRI channels,
although the bias correction applied is quite large in soases €g. -10K for the 23 GHz (H) channel) the
correction is relatively constant across the swath, iritfigaan absence of any spacecraft obstructions in the
radiometer field of view. Likewise the bias corrections @gplio the AMSR-E data are relatively constant
across the swath and, in some cases, of relatively largeitaaplieg. 23.8GHz (H) which has a correction
of 3K applied). A likely explanation for the large biases tbese channels is errors in the conversion of

8 Technical Memorandum No. 631



An Initial Evaluation of FY-3A Satellite Data ECMWF

antenna temperatures to brightness temperatures whieb #mcount the effects of feed-horn spillover effects
and cross polarisation contamination. Both of these aremlignt on accurate pre-launch characterisation of
these effects, which is difficult to achieve.

3.3 Data Quality: First Guess Departure Statistics

An overview of the data quality for the key channels of therfBlY-3A instruments, in terms of the standard

deviations of the first guess departures, is given in Fidg@eAlso shown for comparison are the equivalent
statistics for the corresponding MetOp-A instruments &oidthe case of the MWRI instrument, the equivalent
AMSR-E statistics. The statistics have been obtained ovaodth. These statistics measure the fit of the
ECMWF model to the measured radiances and give a good editation of data quality as any gross errors
in the data would be manifested as a large spread in the fiessgilepartures

Figure 18a shows a comparison for MWTS/AMSU-A. The standard devwafar MWTS channels 3 and 4
(0.25-0.26K) are significantly larger than those for AMSW:annels 7 and 9 (0.2-0.21K). There are several
possible reasons for this: firstly, as discussed in Se@&ibriresidual localised biases caused by uncertainties
in the channel passbands would be expected to increasedbal gtandard deviation. Secondly, the speci-
fied NEAT for these channels (0.4K) is larger although it is notetwptthat the on-orbit performance of the
instrument is significantly better than this and is probablthe range 0.23-0.25K.

Figure 18b shows the comparison for MWHS/MHS for the 183 GHz water vammunding channels. The
standard deviations for the MWHS channels are around 15§érdanan the MHS channels, most probably due
to the complex scan biases which are not dealt with well irctiveent VarBC scheme.

The comparison for IRAS/HIRS is shown in Figut&c. For the temperature sounding channels (4-7, 703-749
cm™1) the standard deviations of the first guess departures #8I&e 50-70% larger than the corresponding
HIRS channels, as a result of the orbital biases discussddtion3.1.3

The comparison of the MWRI with AMSR-E, valid for the perio@-17th September, is shown in Figur&d.
MWRI compares well with AMSR-E for most channels, and is &min quality to AMSR-E with standard
deviation of first guess departures up to 25% larger thandh&alent AMSR-E channels.

Histograms of background departures for the three souratiagnels of the MWTS (channels 2-4) are shown
in Figure19 (top panel). Also shown for comparison are the statistiosfthe equivalent channels for NOAA-
18 AMSU-A obtained for the same period. The fit of the measW®UTS radiances to the model is better
than 0.3 K (standard deviation, shown in Figd&a), only slightly larger than the equivalent AMSU-A statis-
tics. The larger standard deviations are to be expectedesudt from the higher noise levels in the MWTS
measurements.

Histograms for the background departures for the MWHS ae sthown in Figurd 9 lower panel alongside
equivalent histograms for the MetOp-A MHS instrument. Thé&/MS data is similar in quality to the MHS
data and was judged to be of sufficient quality to include siraBation experiments. Analyses of the IRAS
data exposed some orbital biases in the highest peakingetatope sounding channels (1-3). However, the
departure statistics for the channels equivalent to HIRSekls currently used in operations, not shown here,
showed the data to be of only slightly inferior quality.

Histograms of background departures for the MWRI channelsshown in Figurel. Also shown for com-
parison are the departures for the equivalent channels c8RM. Due to mechanical interactions with the
platform the MWRI has been activated only intermittentlyl dine dataset is therefore relatively sparse, thereby
preventing a meaningful assessment through assimilakipergnents.
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3.4 Data Quality: Stability

A subset of the FY-3A data, covering the period 20 July 2008letember 2008, was available for assessment
in the IFS. Despite this representing a fairly short peribtinoe, it highlights any periodic or episodic changes
in data quality or volume. Inspecting the time evolution epdrture statistics is used here to assess the stability
of the data stream in terms of data volume and quality as veetbaliagnose the performance of the bias
correction scheme. When used in near-real time mode thesdfjanalysis can yield very useful feedback to
satellite agencies on the impacts of any changes to thelwheoinfiguration of an instrument or changes to the
ground segment processing of the data stream.

Figure22 shows the mean (and the standard deviation) of the first giegssrtures for the MWTS channel 2,
standard deviations are also shown for channels 3 and 4.hEgrdriods before and after a ground segment
processing change on 16th August 2008, the radiances fanetsa2 and 3 appear to be stable, with no signif-
icant trends over these periods. The ground segment chartge pre-processing system resulted in a shift of
approximately 0.8K for channel 2. Also noticeable is a ragdiata outage around the last day of each month,
causing transient spikes in the means and standard degdtoall MWTS channels.

Figure 23 shows the evolution of the VarBC coefficients over the pe@6th July - 9th October. The plot
illustrates that following the ground processing changé&@th August the bias correction scheme adapts within
5-10 days and thereafter the bias corrections are relgtitable. Some instability is evident around the periods
of data drop-outs, which is to be expected.

Figure 24 shows the mean (and the standard deviation) of the first glegsartures for the MWHS channel
3 as well as standard deviations for channels 4 and 5. In conmwith MWTS, data drop-outs are noted at
the end of each month. In addition, a significant change wadeimented, as part of a ground processing
software update, at the end of August 2009. This change deg#ly with somestriping effects evident in
earlier versions of the MWHS data. The change is manifessettiszontinuities in the bias for channel 2 and
in the standard deviation for channel 5. Fig@f&shows the evolution of the bias correction coefficients for
MWHS channels 3 (1881 GHz). The response of VarBC following the major change ateihd of August is
evident, particularly in the offset coefficienp(Q)), but the other coefficients are still evolving, albeit shgw
for the remainder of the period.

Figure26 shows the mean (and the standard deviation) of the first giesartures for the IRAS channel 5 as
well as standard deviations for channels 11 and 14. Thesmelsawere selected to be representative of the
IRAS temperature sounding channels (channel 5 at 716'cjnthe moisture sounding channels (channel 11
at 1365 cmt) and the short-wave CQchannels (channel 14 at 2210 thy Figure27 shows the associated
evolution of the VarBC coefficients for channels 5 and 11.0Pt a ground processing system change on
31st July 2009 the VarBC coefficients are changing rapidblloving the change, the channel 5 coefficients
converge within 10 days and are relatively stable thereaftbe channel 11 coefficients exhibit a slow drift
for the remainder of the period. The evolution of the bias stahdard deviations i86 are consistent with
these changes and show additional transient spikes, at=mwbaiith a 2 day data outage, during the 14-15th
September.

For MWRI, assessing stability was more difficult due to thelimitent operation of the instrument.

Figure28 shows the evolution of the mean first guess departures for Mdki&nel 3 during the period 10-17
September 2008 also shown are the standard deviations @ifshguess departures for channels 3,5 and 7.
Figure29 shows the associated evolution of the VarBC coefficientsahstnating reasonably fast convergence,
even over such a short period of time.
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4 Observing System Experiments

4.1 Introduction

Observing system experiments (OSEs) are commonly used a&aasnof assessing the value of new obser-
vational datasets in NWP data assimilation systems. Rec@mples include the work at ECMWF to assess
the influence of the main humidity observing systeadersson et al2007) and the impact of microwave
imager data in NWPKelly et al. (2009, Geer et al(2008). An approach commonly used to assess the value
of new data sources is to add data tooservation depletedbserving system. In such a system, analysis and
forecast errors are larger than might be expected fréul abserving system. Consequently, the improvement
in analysis and forecast accuracy are larger than wouldébeahbe for a full observing system. The larger sig-
nals in forecast skill measures thereby facilitate a commparof a new data type with other similar observation
types. This type of experiment provides a check that thezenarserious problems with a new observational
data type. These baseline experiments, of course, do r@agwalistic representation of the forecast improve-
ment to be expected when the new data is added to a full sydteithsystem experiments are conducted to
assess the impact of new data types when analysis errorgnaik and are normally carried out in the later
stages of pre-operational testing. In the context of théuatian of FY-3A data the purpose of full system
experiments is to check that the new data does not cause asumable degradation to forecast performance.
Both baselineandfull systemexperiments are described in Sections 4.2 and 4.3 below.

4.2 Baseline Experiments

Initial baseline experiments were run at low resolution§9)Lto assess the impact of the individual FY-3A
instruments relative to that from the equivalent NOAA/MptDstruments against asbservation depleted
control experiment. Subsequently, higher resolution @)%kseline experiments were run to assess the impact
of the VASS suite of instruments (MWTS, IRAS, MWHS) relatite the ATOVS suite of instruments on
MetOp-A. Both sets of experiments are described below.

4.2.1 Baseline Experiments at T159 Resolution: Assedsmiptpact of Individual Instruments

The control chosen for these experiments included a depl@iserving system in which only conventional
observations, observations from F13 and F15 SSMI as welatssftom six GPSRO sensors were included in
the analysis. GPSRO bending angle data are assumed to hisilew@bsolute measurement uncerainties and
are assimilated without bias correction. This effectivahghors the variational bias correction system, ensuring
that long term drifts in model bias are prevented. Recent&fve shown that GPSRO satellite provide a
powerful constraint on the large scale analyses (S. Hpalg. comn), and results in forecast impacts close to
that from IASI in the southern hemisphere. Overall, in thetS8ern Hemisphere GPSRO data provides around
50% of the impact of a full observing system relative toaaventional observations ongpntrol experiment.
The control configuration chosen here is therefore a reddoicacice. MWTS, MWHS, IRAS and equivalent
MetOp-A ATOVS instruments were added separately to thisrobexperiment:

e Control: conventional observations + SSMI + GPSRO
e Basdlinel: Control + FY-3A MWTS

e Basdine2: Control + MetOp-A AMSU-A (5,7,9)
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Basaline3: Control + FY-3A MWHS

Baselined: Control + MetOp-A MHS

Basalines: Control + FY-3A IRAS

Baseline6: Control + MetOp-A HIRS

The experiments were run for the period 20th August 2008 ©ttbber 2008 and the resulting forecast verified
against operational analyses. Observation errors for ¥a8Arinstruments were determined by scaling the
observation errors for the equivalent ATOVS instrumentthigyratio of the standard deviations of the first guess
departures from MWTS and AMSU-A. Only channels 5,7 and 9 fiMdatOp-A AMSU-A were assimilated to
provide as near to like-for-like comparison as possible.

As a summary of the impacts, the resulting anomaly cormiattores (500 hPa Geopotential) and RMS errors
for humidity for these experiments are summarised in FigireRelative to the control, the FY-3A MWTS
shows significant forecast skill impact, amounting to 70%ha&f impact of AMSU-A at Day 4 in the SH.
The impact for IRAS is positive, but smaller than for MWTS,@mting to 20% of the impact of MetOP-A
HIRS at day 4. This may be partially attributable to the realtiases in the bias corrected IRAS data. The
MWHS shows very similar impact to that from MetOp-A MHS, witlheasurable improvements to humidity
forecast to Day 3. The first guess departure statistics ofIB&3 from 28 September to 28 October 2008 are
shown in Figure30 to demonstrate the impact of assimilating FY-3A MWHS on th&t fjuess departure fits
for radiosonde observations in the Tropics and SH and Dragesdits in the NH. First guess departure fits for
humidity are generally improved for the 200-700hPa levels.

4.2.2 Baseline Experiments at T511 Resolution: Assedsibrtpact of the VASS Instrument Suite

The control experiment here used data from a single AMSU-Ariter to provide some constraint on the
background fields. Data from NOAA-18 was used as this setelNas in an orbit orthogonal to the FY-3A
platform. This meant that FY-3A data was influencing the gsialat different locations to the NOAA-18 data,
with the NOAA-18 data providing some control on the qualifyle analysis. The following experiments were
run over the period 20 July - 1 November 2008:

e Control: conventional observations + NOAA 18/AMSU-A + ozone data aterometer data
e Basdlinel: Control + MetOp-A AMSU-A (ch.5, 7, 9) + MHS + HIRS)

e Basdline2: Control + FY-3A (MWTS + MWHS + IRAS)

The results, in terms of the anomaly correlation of the fasés in the NH and SH over the period 30 July to 1
November 2008 are shown in Figus2. In the NH the impact of the FY-3A data is very similar to thadrh
the MetOp-A instruments. In the SH the impact is, for forécasges to day 7, positive for the FY-3A data and
a significant fraction of that obtained from MetOp-A.

First guess departure statistics for radiosonde obsensin the NH, TR and SH for the Baseline2 experiment
from 20 July to 30 October 2008 are shown in FigB8¢o demonstrate the impact of assimilating FY-3A VASS
on the short range forecasts of humidity. FY-3A data sigaifily improves the first guess humidity fields in
the Tropics and SH. Impacts are smaller in the NH. This is g gacouraging result.
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4.3 Full System Experiments

A full system experiment was run over the period 2008072082001, using a T511 configuration of the
operational model. The suite of FY-3A sounding instruméMeVTS, MWHS and IRAS) were added to the
full ECMWEF system. The OSEs carried out were therefore:

e FULL SYSTEM 1. CY35R2 full system experiment
e FULL SYSTEM 2: CY35R2 full system experiment + FY-3A (MWTS + MWHS + IRAS)

The forecast verification results are summarised in Fi@dreOverall the impact of the FY-3A instruments is
close to neutral, with some positive impacts in the NH foetast ranges beyond Day 3 for which the improv-
ments appear statistically significant at the 90% levelsTéhian encouraging sign as full system experiments
are a demanding test of data quality. FigBEsshows zonal mean plots of forecast error differences (Rt S
tem 1 - Full System 2) for geopotential height. The resules@rerall consistent with the summary plots in
Figure34.

The first guess departure statistics of Baseline2 from 20 tduBO October 2008 are shown in Figu3é to
demonstrate the impact of assimilating FY-3A VASS on the fitess fits for MetOp-A AMSU-A (NH) and
MHS (SH). Impacts are neutral for MetOp-A AMSU-A, but fits figdietOp-A MHS are improved.

5 Summary, Conclusions and Further work

Data from the FY-3A VASS instruments as well as the microwamager (MWRI), obtained during the
July-November 2008 Calibration-Validation phase of thisgaratory mission, have been introduced into the
ECMWEF Integrated Forecasting System. This has permitteatsaassment of data quality through an analysis
of first guess departure statistics, a comparison with edgriv ATOVS instruments, as well as through observ-
ing system experiments. The use of NWP model fields for thieregiion and validation of satellite missions

is becoming standard practise as the global coverage ahdabimuracy provided by NWP models have been
proven to be a powerful tool in the diagnosis of systematisds in the data, and this has again been the case
with the assessment presented here. The assessment ofalierdagh OSEs provides, in addition, valuable
information on the impact of the data on NWP analysis andcistequality.

In the OSEs presented here the individual VASS instrumait&/ 1S, MWHS and IRAS) were able to show
significant positive impact, equivalent to a significantcfran of the impact from the equivalent MetOp-A
ATOVS instruments when assimilated inlike-for-like configuration. As gpackagethe VASS instruments
show impact equivalent to a significant fractiangd. ~ 30% at day 5 in SH 500hPa geopotential height anomaly
correlation) of that obtained from the MetOp-A ATOVS suieen when added on top of a control experiment
with one AMSU-A. When added to a full observing system OSEitheact of the FY-3A data is neutral to
slightly positive, a result which is encouraging and intksathat there are nmajor problems with the data
from FY-3A from an NWP perspective. Overall the results fritrese OSESs, using data from the Cal/Val phase
of this preparatory mission, are a very promising start &oRN-3 program.

Perhaps more importantly, this assessment has highligietestal issues where further work needs to be done
to refine the instrument design and pre-launch testing akasehe ground processing systems, in order to
further improve the quality of FY-3 data for FY-3A and subseqt missions. In order of significance these are:

e Uncertaintiesin MWTS passbands. This initial assessment has presented evidence that tlbgrab
for channel 4 of the MWTS instrument is shifted by100 MHz relative to that for the pre-launch design
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specification, and- 50 MHz relative to pre-launch measurements. This uncdytdéads to an airmass
dependent bias which is only partially compensated for by8\a Further work is needed to establish the
on-orbit passband centre frequencies and bandwidths IfM\&ITS channels and determine if there is
any temporal or orbital evolution of the shift. Independstoidies have recently shown that uncertainties
of 1.5 MHz or less are required in the specification of bandresrin order to render the effects negligible
on NWP forecast accuracy.

e Orhbitally dependent biasesin the IRAS observations. Channels 1-3 show orbitally dependent biases
that are probably correlated with the solar induced thewyeling of the instrument. For channel 1 the
effect is locally as large as 10 Kelvin. There is some indicathat these biases affect other channels as
well. Further work should establish the cause of these jas@rder that improvements can be made in
future FY-3 instruments, if appropriate. A more detailegdston the impact for channels 4-7 would be
worthwhile.

e Scan biases for MWHS. The water vapour sounding channels exhibit complex crams bases which
are difficult to correct in the present ECMWF VarBC schemeeskhbiases, in the short term, would be
best dealt with a pre-processing step or by a modificatioheMarBC predictor scheme to include field
of view dependent offsets. In the longer term, perhaps faréuinstruments, it would be beneficial to
eliminate the cause of the cross scan bias problems.

e Biasesin sections of the IRAS orbit. Sections of IRAS orbit were found to exhibit biases différfeam
adjacent orbits and other parts of the same orbit. This tdisfrom the orbital biases described above.
This particular type of error is not handled well using VarB@d therefore more work is required to
identify the cause of these biases and to develop methodsrfeening this data.

e Offsetsin the brightness temperatures for all VASS instruments and the MWRI instrument. Al-
though these types of errors can generally be dealt witletafedy using VarBC, there are some climate
related applications of the data that would benefit from fnalbsolute uncertainties in the measured
brightness temperatures. For MWRI, for example, the biasesme channels are in the range 5-10K.
This may be a result of uncertainties in the antenna to brags temperature corrections applied to date,
which may require further tuning. For future missions, ioyad characterisation pre-launch would be a
better solution.

e Data Outages. The regular data outages at the end of each calendar montbtdwesent a serious
problem for the use of the data in NWP and are doubtless theegorence of early Cal/Val phase tuning
of the ground segment, however it would be beneficial to elate these for future data streams before
further OSE'’s are performed.

One important lesson from this study, also drawn from expeg of POES, MetOp and DMSP missions, is
that early assessment of the data using NWP systems is ebl&lkcamponent of the calibration and valida-
tion of satellite missions. Early data access ensuresnbatiment issues can be flagged early and mitigation
measures put in place in time for subsequent launches. Isefiback can also be generated by NWP centres
on the impact of changes to the ground processing systenmstonent configuration during the early orbit
commissioning phase of a mission. A related benefit for NWRres is that processing systems are developed
and tested at the earliest possible opportunity, hencemisirig the benefit extracted from the data. The pro-
cessing systems for FY-3A and FY-3B will be available with thlease of CY36R4, due to become operational
in Autumn 2010.
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Figure 1. Coverage for the FY-3A MWTS instrument in relatiomther AMSU-A instruments currently assimilated at
ECMWEF, colour-coded by satellite. Data is taken from theoBitperiod around 20 September 2008 00Z. For clarity, not

every available field of view is plotted.
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Figure 2: Observed brightness temperatures for FY3-A MWAGthe equivalent MetOp-A AMSU-A channels. The left
column shows the observed brightness temperatures forA; ¥3e right column shows brightness temperatures for the
equivalent MetOp-A AMSU-A channels (for cycle 2008091703 spot at the base of the histograms indicates the mean
brightness temperature for each plot.
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Figure 3: Brightness temperatures for a typical atmospberdfile in the 48-60 GHz region showing the passbands for
MWTS channels 1-4 and (top) and AMSU-A channels 3-10 (bhttom
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Figure 4: The effects of passband shift for MWTS channel 4.bl&ck line shows the latitudinally-averaged brightness
temperature difference between FY-3A MWTS channel 4 anOpARIAMSU-A channel 9 (theroxyfor the true bright-
ness temperature). The coloured dots show the simulatgtitbess temperature error resulting from specified fregyen
shifts relative to the nominal passband specification (eesit59.29 GHz, with a bandwidth of 330 MHz). The brightness
temperatures were simulated by a microwave line-by-lindehasing 52 diverse atmospheric profiles. The horizontal
axis represents the brightness temperature errors in Kelvi
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Figure 9: First guess departures for FY3-A IRAS before )laftd after (centre) bias correction, and MetOp-A HIRS
(right). First guess departures are shown for the tempemsounding channels that are currently used in operations
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Figure 11: Orbital biases in IRAS channel 1. The top panelshthe solar zenith angle against time and temperature
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Technical Memorandum No. 631 31



SCECMWF

An Initial Evaluation of FY-3A Satellite Data

Departure (K) Departure (K)

Departure (K)

AMSR-E CH5: 18.7v

~ /AN AN NS
ot AP ]

e eI A A

AN N A A A AN

50 100 150
Scan position
AMSR-E CH7: 23.8v

200

A ANANAASANASAS

A AN A A A

o . A AN AANNAA AN~
A AANAN WIS N

50 100 150
Scan position
AMSR-E CH9: 36.5v

200

A A MAWANAWNAA A VNI M ]

L At AN A A A A AN AN i

50 100 150
Scan position

200

Departure (K)

Departure (K)

Departure (K)

AMSR-E CH6: 18.7h

A AAA A A~ A o A ARV A R

ANV APMAAANNIAMAAIN v M AR NN/~ W -
s s s

50 100
Scan position
AMSR-E CH8: 23.8h

150 200

T
AN A~ A A s A A MAAMNA AN IMAMANANA

AN AAASANIANV A AN A AR /—J\,/\'\/\h\T\ A

50 100
Scan position
AMSR-E CH10: 36.5h

150 200

_\/vvxmvw\ /\rv\/V'V“\/\/ A wvw\\:\ﬁf“'vvxww Wv&:(uw r\,/wwj\/w i

A AW AR sy A A AN AR My

50 100
Scan position

150 200

Figure 17: First guess departure statistics versus scarntjposfor AQUA AMSR-E channels.

32

Technical Memorandum No. 631



An Initial Evaluation of FY-3A Satellite Data

SCECMWF

Frequency (CM)

Frequency (GHz)

a b
0.35 25
== FY-3A/MWTS == FY-3A/MWHS
03| === METOP/AMSU-A === METOP/MHS
2L —
£E 025t — ] £ —
£ c R £ c
g3 g21st
S 02 Ss
03 o3
A O ]
Yo 015k 3T 4L
63 o3
wn S t c
=8 0.1 = ©
& w
05|
0.05 |
0 0
53.596 54.94 57.29 183+1 183+3 183+7
Frequency (GHz) d Frequency (GHz) 183+7
C
14 14
== FY-3A/IRAS == FY-3A/MWRI
1.2 - mmm METOP/HIRS 12 - mmm EOS/AMSR-E
L L L& 10t
2 c 2 c
g .Q c .Q
& o8t & 8t
3% 3%
2 23
ST 06| o 6}
(G GRS
g e g 2
=8 041 =8 4t
[T L
021 2L
0 0
703 716 733 749 1364 1534 2210 2237 10.65v10.65h 18.7v 18.7h 23.8v 23.8h 36.5v 36.5h

Figure 18: Standard deviations for FY-3A and METOP/AQUAIealent instruments and channels. Statistics are derived
from used data for the period from 28 August to 28 Septemb@8:28) MWTS and AMSU-A; b) MWHS and AMSU-B ;
¢) IRAS and HIRS ; d) MWRI and AMSR-E.

Technical Memorandum No. 631 33



An Initial Evaluation of FY-3A Satellite Data

SCECMWF

MWTS-ch2 vs AMSUA-ch5 MWTS-ch3 vs AMSUA-ch7 MWTS-ch4 vs AMSUA-ch9

3 25 2
MWTS
25 AMSUA 2
15 I
2 I
2 15 |
2 15 I 1 |
% I 1 |
1 | |
' 0.5 '
0.5 ! 0.5 \ !
I I
0 | Y —— 0 ‘
-1 0 -1 0 -1 0
Fg-depar: K Fg—depar: K Fg—-depar: K
MWHS-ch3 vs MHS-ch3 MWHS-ch4 vs MHS-ch4 MWHS-ch5 vs MHS-ch5
0.4 0.4 0.4
MWHS
MHS
0.3 0.3 0.3
2 !
2 0.2 I 0.2 I 0.2 |
[
= I | |
| | |
0.1 ' 0.1 ' 0.1 '
| | |
I I I
0 - 0 . 0 .
-5 0 -5 0 -5 0
Fg—depar: K Fg—depar: K Fg-depar: K

Figure 19: (Top row) Histograms of first guess departuresNMWTS channels 2 (53.6 GHz), 3 (54.9 GHz) and 4 (57.3
GHz) and equivalent AMSU-A channels (channels 5, 7 and ®&}t¢B row) first guess departures for MWHS channels 3
(1831 GHz), 4 (1833 G Hz) and 5 (1837 GHz) and equivalent MHS channels (channels 3, 4 and 5)isgtatwere
derived from used data for the period 28 August to 28 SepteRis.
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Figure 20: Histograms of first guess departures for IRAS clede (4-7,11-12,14-15) and equivalent HIRS channels.
Statistics were derived from used data for the period 28 Atgu28 September 2008.
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Figure 21: Histograms of first guess departures for MWRI c¢teds and equivalent AMSR-E channels (where available).
Statistics were derived from used data for the period 10 t&é&@tember 2008.
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Figure 22: Time series of mean (channel 2 only) and standakdadions of the first guess and analysis departures for
MWTS channels 2-4. Also shown (bottom plot, channel 2 ordyth@ observation numbers during this period.
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Channel 2: Bias predictor coefficients
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Figure 23: Bias correction coefficient evolution for MWTS.
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Statistics for RADIANCES from FY—3A MWHS (USED)
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Figure 24: Time series of mean (channel 3 only) and standakdadions of the first guess and analysis departures for
MWHS channels 3-5. Also shown (bottom plot, channel 3 oméyllee observation numbers during this period.
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Channel 3: Bias predictor coefficients
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Figure 25: Bias correction coefficient evolution for MWHS.
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Statistics for RADIANCES from FY—3A IRAS (USED)
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Figure 26: Time se

ries of mean (channel 5 only) and standaxdations of the first guess and analysis departures for
IRAS channels 5, 11 and 14. Also shown (bottom plot, chanaoelyj are the observation numbers during this period.
This subset of channels were selected to be representdtilie temperature (channel 5), water vapour (channel 11) and

short wave temperature sounding channels (14).
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Channel 5: Bias predictor coefficients

—p(0)-1.1  —— p(1)+0.07  —— p(2) +0.059 p(5) +0.075
= p(6)-0.11 == p(8)+0.099 = p(9)-0.12 — p(10) +0.027

AUG SEP ocT
2008

Channel 11: Bias predictor coefficients

— p(0)-0.82
—— p(6)-030 —— p(8) +0.072 —— p(9)-0.017 —— p(10)+0.12

— p(1)-0.51  —— p(2)-0.20 p(5) +0.23

Used observations

Figure 27: Bias correction coefficient evolution for IRAS.
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Statistics for RADIANCES from FY—3A MWRI (USED)
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Figure 28: Time series of mean (channel 3 only) and standakdadions of the first guess and analysis departures for
MWRI channels 3, 5 and 7. Also shown (bottom plot, channel are the observation numbers during this period.
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Channel 5: Bias predictor coefficients
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Figure 29: Bias correction coefficient evolution for MWRI
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Figure 30: First guess and analysis departure statistiasr&ative humidity from dropsondes in the NH (top) and ra-
diosondes in the Tropics (middle) and SH (bottom). in %, BARgust to 28 September 2008. Baseline + FY3A MWHS
is in black and the Baseline experiment is in red.
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Anomaly correlation forecast, Date: 2008082800UTC to 2008092800UTC
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Figure 31: Anomaly correlation for 500 hPa geopotentialdtdi(in the top and middle row) and Root mean square error
for 500 hPa relative humidity (in the bottom row) in the nath hemisphere (left) and the southern hemisphere (right) f
an observing system depleted control experiment (red) das/experiments in which either FY-3A (green) or MetOp-A
(blue) sounding data has been added.
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Figure 32: Anomaly correlation for 500 hPa geopotential digiin the northern hemisphere (top) and the southern
hemisphere (bottom) for an observing system depletedalaexperiment (red) as well as experiments in which either
FY-3A (green) or MetOp-A (blue) sounding data has been added
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Figure 33: First guess and analysis departure statisticséaiosonde humidity in the NH (top), Tropical(middle) a®H
(bottom) for 20 July to 30 October 2008. Baseline experimefY3A VASS is in black and the baseline experiment is in
red.
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Figure 34: Normalised differences in the root mean squacgedast error between the Full + FY3A experiment and the
Full system experiment ((Full system minus Full system 8RY;i.e.up indicates a positive benefit from FY-3A dater

the 00 Z forecast of the 500 hPa geopotential height for thglf) and the SH (right). Verification is against operatin
and the period is 10 August - 1 November 2008 (93 cases), feximents were run from 20 July to 1 November 2008.
Error bars indicate 90 % significance intervals from-atest.
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RMS forecast errors (Experiment—Control), 30—-Jul-2008 to 30—Oct-2008, from 86 to 93 samples.
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Figure 35: Zonal means of normalised differences in the mean square forecast error for geopotential height between
the Full + FY3A and the control Full experiment. Blue shadindicates an improvement in the Full + FY3A experiment
compared to the control. Forecasts are verified against onalyses from the respective experiment. Scores are shown
for the period 30 July - 30 October 2008 (86-93 samples, deipgron forecast range). Each panel shows the differences
for the forecast range indicated above the panel.
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Figure 36: First guess and analysis departure statistiasNel METOP-A AMSU-A and SH METOP-A MHS FG depar-
tures, in K, for 20 July to 30 October 2008. Full + FY3A VASShiblack and Control Full is in red.
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Table 1: FY-3A MWTS, and equivalent AMSU-A, channel charitics and assumed observation errors (R).

Channel Frequency Bandwidth MWTS Equiv AMSU-A  AMSU-A R R
number [ GHz / MHz NBRT channel NRAT MWTS ((AMSU-A)
(pre-launch) number
/K /K /K /K
1 50.3 180 0.5 3 0.40 - -
2 53.596t 0.115 170 0.4 5 0.25 0.43 0.35
3 54.94 400 0.4 7 0.25 0.52 0.35
4 57.29 330 0.4 9 0.25 0.55 0.35

Table 2: FY-3A MWHS channel characteristics and assumeereason errors (R).

Channel Frequency Bandwidth MWHS  MHS MHS R R
number / GHz (pol) / MHz NBT Channel NRAT MWHS MHS
/K number /K /K /K

1 150(v) 1000 0.9 2 0.84 - -
2 150(h) 1000 0.9

3 183.3%1 500 1.1 3 060 226 2.0
4 183.313 1000 0.9 4 070 246 2.0
5 183.31:7 2000 0.9 5 1.06 239 20
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Table 3: FY-3A IRAS channel characteristics and assumeereason errors (R).

Channel Frequency Bandwidth N HIRS NEAN R R
number  /cm? /cmt (IRAS) Channel (HIRS) (IRAS) (HIRS)
mWm2srlecm number mWm2sricm /K I K

1 669 3 4.00 1 3.00 - -
2 680 10 0.80 2 0.67 — -
3 690 12 0.60 3 0.50 - —
4 703 16 0.35 4 0.31 1.10 0.60
5 716 16 0.32 5 0.21 0.99 0.60
6 733 16 0.36 6 0.24 0.80 0.60
7 749 16 0.30 7 0.20 0.83 0.75
8 802 30 0.20 8 0.15 — -
9 900 35 0.15 9 0.10 — -
10 1030 25 0.20 10 0.15 - -
11 1345 50 0.23 11 0.20 0.90 0.91
12 1365 40 0.30 12 0.20 1.14 1.22
13 1533 55 0.30 13 0.006 0.80 0.50
14 2188 23 0.01 14 0.003 1.20 0.60
15 2210 23 0.01 15 0.004 - -
16 2235 23 0.01 16 0.004 - -
17 2245 23 0.01 17 0.002 - -
18 2388 25 0.01 18 0.002 - -
19 2515 35 0.01 19 0.001 - -
20 2660 100 0.002
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Table 4: FY-3A MWRI channel characteristics.

Channel Frequency Bandwidth MNE AMSR-E Bandwidth NRAT

number / GHz | MHz (MWRI)  Channel | MHz (AMSR-E)
(v,h) pairs /K number /K
1,2 10.65 180 0.5 3,4 100 0.6
3,4 18.7 200 0.5 5,6 200 0.6
5,6 23.8 400 0.8 7,8 400 0.6
7,8 36.5 900 0.5 9,10 1000 0.6
9,10 89.0 4600 1.0 11,12 3000 11

Table 5: Code numbers defined for the FY-3A satellite instntsin IFS.

Satellite-id IRAS MWTS MWHS MWRI
IFS/Bufr_code  154/153 963 964 965 966
IFS/ODB FY3A:520 42 40 41 43
IFS/IRTTOV 23 42 40 41 43

Table 6: FY-3A MWTS channel characteristics used for RTfictexits generation

Channel Frequency Bandwidth  Frequency Bandwidth Frequen®andwidth
number design spec. design spec. measured measured tuned ned tu
pre-launch pre-launch post-launch post-launch

/ GHz / MHz / GHz / MHz / GHz /[ MHz
1 50.30 180 50.26213 162 50.27213 162
2 53.596 1762 53.60146 17842 53.59846 17842
3 54.94 400 5498109 375.8 54.97109 375.8
4 57.29 330 57.33962 316.8 57.15962 330
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Table 7: Bias predictors implemented in CY35R2.

pO:
pl:
p2:
p3:
p4:
p5:
p6:
p6:
p7:
p8:
po:

1 (constant)
1000-300hPa thickness
200-50hPa thickness
T_skin

total column water
10-1hPa thickness
50-5hPa thickness
surface wind speed
nadir viewing angle
nadir view anglé
nadir view angf@

p10: nadir view angfe
pl1: cos solar zen angle
pl2: solar elevation
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Table 8: Used bias predictors in CY35R2, by FY-3 sensor type.

Instrument Channel number  Number of predictors Used pi@dic

MWTS 1 4 p0,p8,p9,p10

MWTS 2,34 8 p0,p1,p2,p5,p6,p8,p9,p10
IRAS 1,2,3,16,17,19,20 9 p0,pl,p2,p5,p6,p8,p9,p10,p12
IRAS 4,5,6,7,8,9,15,18 8 p0,p1,p2,p5,p6,p8,p9,p10
MWHS 1,2 4 p0,p8,p9,p10

MWHS 3,4,5 8 p0,p1,p2,p5,p6,p8,p9,p10
MWRI 1-10 7 p0,p3,p4,p7,p8,p9,p10
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