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Evaluation and assimilation of ATMS data in the ECMWF system ECMWF

Abstract

This memorandum reports on the first experiences with ATM8 deECMWF, both in terms of the
contribution to the calibration/validation exercise, amtékerms of initial assimilation trials. Compar-
isons in brightness temperature space against short-tegodsts are used to establish the fidelity of
the data.

Monitoring of ATMS data against short-term forecasts shbat the data are generally of good
quality, with a noise performance that is well within spewfion and, after appropriate averaging,
comparable to or better than that of AMSU-A. Biases vary simgavith scan-positions, even before
an appropriate antenna pattern correction has been séiatbliand ATMS looks better than AMSU-
A in this regard. Outer scan positions can be assimilatetowit restrictions due to biases, and
together with the wider swath this leads to a much improve@i@ge from ATMS compared to one

AMSU-A. There are indications of larger inter-channel apdtgl error correlations in ATMS data

than for AMSU-A, possibly linked to a weak cross-track strgpeffect.

The analysis and forecast impact in initial assimilatidal$rover two seasons are significantly posi-
tive in the short-range over the Southern Hemisphere arftkitong range over the Northern Hemi-
sphere, with an otherwise overall neutral impact.

1 Introduction

This memorandum reports on an evaluation of data from the Advanceddlecgly Microwave Sounder
(ATMS) in the ECMWF system. ATMS was launched onboard the Suomi Ndtfwlar-orbiting Part-
nership (Suomi-NPP) satellite on 28 October 2011. Suomi-NPP is the prepyasatellite for the next
generation of operational meteorological polar orbiting satellites of the W&Mgside ATMS, it also
carries the Cross-track Infrared Sounder (CrlS) and the Ozompétand Profiler Suite (OMPS), both
being of high relevance to Numerical Weather Prediction (NWP). Data ABMS and CrlS started to
arrive routinely at ECMWF on 26 June 2012.

The ATMS instrument continues the heritage of the AMSU-A and MHS radiaiseteicrowave in-
struments that are providing temperature and humidity sounding capabilispectevely. AMSU-A in
particular has been established as one of the leading satellite instrumenitsutimgtto today’s forecast
skill (e.g., Radnoti et al. 2010, Eyre et al. 2012, Jung and Riishgjd2@td). Microwave data is less
affected by the presence of clouds than infrared data, therefoviljmmg important information in areas
not sensed by other nadir sounding instruments. A successful exploitdtATMS data for NWP is of
paramount importance to maintain or improve forecast quality for the future.

The aim of this memorandum is twofold. Firstly, we provide an evaluation of Thd@\data in terms of
comparisons against short-term forecasts. This has been provem todweerful tool for the evaluation
of new satellite data (e.g., Bell et al. 2008, Lu et al. 2011), and it is an mtegntribution to the cali-
bration/validation activity. Secondly, we report on initial assimilation trials withM&T, in preparation
for the operational assimilation of this new data source. The results peddeere have been obtained
during the calibration/validation phase for ATMS, and data characterisgdherefore subject to change
as the data processing is further improved.

The structure of the memorandum is as follows. We first provide an ovenfighe ATMS instrument
characteristics, followed by a description of the experiments used to évdheadata. Sectiofh sum-
marises our findings from a comparison of ATMS data against short-temeedsts, whereas sectibn
discusses the forecast impact from assimilating ATMS data. Finally, owlusians are provided in the
last section.
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2 ATMS

ATMS is a 22 channel microwave radiometer that combines AMSU-A and Métlage channels with
one additional temperature channel and two humidity sounding channdlie (Tasee also Muth et
al. 2004 and NASA 2011). The temperature and humidity Jacobians for tinesaanding channels are
displayed in Figl; ATMS channels 6-15 are similar to AMSU-A channels 5-14, and ATMSokés 18,
19 and 22 are similar to MHS channels 5, 4 and 3, respectively. All chsaane sampled every 1.4t
96 scan positions, with a cross-track swath width of 2,300 km, significantlgntiichn the 2,074 km for
AMSU-A or MHS. As a result, ATMS data coverage shows no gaps betweths in the tropics.

Table 1: ATMS channels. The FOV size differs by channel: mélarl and 2 have a FOV of 75 km at nadir, 3-16
32 km, and 17-22 16 km. The polarisation changes with ci@sdtscan position, and only the polarisation at
nadir is given.! indicates a polarisation difference to the equivalent AMSdr MHS channel? indicates a new
channel not previously available on AMSU-A or MHS, &riddicates a channel for which the central frequency
has changed significantly compared to MHS.

Channel | Frequency [GHz] and polariy Channel | Frequency [GHz] and polari-
number | sation at nadir number | sation at nadir

1 23.8V 12 57.294 0.32224- 0.048 H
2 314V 13 57.29+ 0.3222+ 0.022 H
3 50.3 H 14 57.294 0.32224+ 0.010 H
4 51.76 H 15 57.294 0.3222+ 0.0045 H
5 52.8 H 16 88.2V

6 53.596+ 0.115 H 17 165.5 H-3

7 544 H 18 183.31+ 7.0 H!

8 54.94 H 19 183.31+ 45 H

9 555H 20 183.31+-3.0H

10 57.29H 21 183.31+ 1.8 H?

11 57.29+ 0.3222+ 0.217H 22 183.31+ 1.0H

The spatial sampling, field of view (FOV), and noise of the temperatureesiog channels of ATMS
differ markedly from those of AMSU-A. The data are sampled more derfdely°’compared to 3.33,
with a smaller footprint (32 km at nadir compared to 48 km), but larger neigg, (specification of 0.5 K
compared to 0.25 K for tropospheric sounding channels). This is ofambevto NWP: to achieve a
performance comparable to AMSU-A, and to reduce the noise to levelsdkesior NWP, averaging of
ATMS footprints is considered necessary. Several approachedleawn developed, such as averaging of
the neighbouring 3 scan-positions and scan-lines (referred to ay8x8ying), Backus-Gilbert weighted
averaging, or Fourier-based methods. Here we consider only the sixplav@raging. This will be
applied to channels 3-22, and unless indicated otherwise only statisticefagad data are shown here.

Another aspect of ATMS is that channels 1 and 2 have a significantlyrl&@¥ size than the sounding
channels (75 km compared to 32 or 16 km), even after the 3x3 averafgiing sounding channels. The
spatial detail represented in these channels therefore does not matoh ttie temperature sounding
channels. Channels 1 and 2 are frequently used in quality control decfsioNWP, and this mis-match
in scales has to be kept in mind when adopting quality control procedumresAMSU-A. For channels
1 and 2 we use the central field of view in each 3x3 group unaveraged.

Due to problems with initial versions of the antenna pattern correction for Tl our results are
based on so-called antenna temperatures, ie, values before antéenmagarection. For AMSU-A or
MHS, brightness temperatures after antenna pattern correction atly useal at ECMWF instead.
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Figure 1: Temperature Jacobians for the main temperatutesling channels (left) and humidity Jacobians for the
humidity sounding channels (right) of ATMS for a standard-hatitude reference profile. Both are with respect to
perturbations in layers of log(pressure), and the humidégobians have been calculated with respect to a 10 %
increase in humidity.

3 Experimentsand quality control

ATMS brightness temperatures have been assessed in the ECMWF assimsiyatiem. To do so, two
experiments are presented here: a control experiment in which ATMS&udatsssively monitored, and
another experiment in which ATMS data are actively assimilated. Both expeisaee ECMWFs 12 h
4DVAR system, with a spatial model resolution of T5K 40 km), an incremental analysis resolution
of T255 (= 80 km) and 91 levels in the vertical. Experiments were conducted over tveorsgathe
first period covering 15 December 2011 - 6 February 2012, and tomdegeriod covering 28 June - 31
August 2012. Ten-day forecasts were calculated from each 0 Zssaly

The control and ATMS experiments otherwise use the full observingrayassimilated operationally at
ECMWEF at the time. This includes conventional data as well as radiancasfEMSU-A instruments,
3 MHS instruments, 2 HIRS instruments, as well as from AIRS and IASI.driiqular, NOAA-18
(AMSU-A and MHS), NOAA-19 (AMSU-A and MHS), and Aqua (AMSU)Aalready provide similar
microwave sounding data in this system in orbits similar to the NPP orbit with its 1§1Bfl@r crossing
time, as summarised further in Taldle

Table 2: Other microwave sounding instruments used in thM®&E operational system at the time of writing.
Note that not all channels are used for all instruments.

Satellite Equator crossing time AMSU-A AMSU-B/MHS
NOAA-15 16:43 Assimilated Not available
NOAA-16 8:36 Monitored Monitored
NOAA-18 14:57 Assimilated Assimilated
NOAA-19 13:33 Assimilated Assimilated
Aqua 13:37 Assimilated Not available
METOP-A 9:30 Assimilated Assimilated
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In the ATMS experiments, the temperature sounding channels 6-15 andrtiidity sounding channels
18-22 are used. Channels 6-8 and 18-22 with some surface sensit&vitged over open sea only (with
a tighter test for sea-ice for channels 6, 18 and 19), whereas theabthenels are used everywhere.
The assimilation system uses RTTOV version 10 for all radiance simulatiapnsKecking et al. 2012),
including those for ATMS.

For the temperature sounding channels, the quality control for cloudrocoataminated observations
is inspired by that currently used for AMSU-A, but with a number of modificeioChannels 6-8 are
excluded if the absolute value of the FG-departure for channel 3 ig ldrge 5 K. In addition, channels
6-8 are also rejected if an observation-based estimate of the liquid wate{Ljpé) exceeds a certain
threshold, with the thresholds being 0.12 k@ﬁnr channels 6, 7, and 0.15 kg?rfor channel 8. The
liquid water path estimate is based on channels 1 and 2, and follows Grady26Gi). Note that chan-
nels 1 and 2 are used for this without the 3x3 averaging, yet due to thanrett design the footprint
size of these channels is still larger than that of the sounding channelawadtaging. This means cloud
or precipitation features will appear spatially smoother in these channelde Wis aspect is subop-
timal, we have not found it a pressing problem, and the choice of LWP thicegtitroduces the larger
uncertainty in terms of used data numbers. The above settings for the quoalitgpldave been derived
based on simulations of cloud effects and comparisons of screenedatimmes with other data, com-
bined with FG-departure based analyses such a shown ir2 Hiigure?2 illustrates how FG-departures
increase with LWP and the channel 3 FG-departure, and this informatiobecased as guidance to set
thresholds to limit the forward model error arising from neglecting clouelotsf Note that estimates of
situation-dependent background errors also indicate larger errtire FG with increasing LWP, but the
signal from neglecting clouds in the radiative transfer dominates the p@raee signal (not shown).

For the humidity sounding channels, the quality control is as follows: Aghemieels 18-22 are excluded
when the absolute value of the FG-departure for channel 3 is largebtkaand channel 18 is rejected
if L WP > 0.12 kg/n?. In addition, a threshold check on a scatter index is used, excluding aata f
which Tb16 - Tb17 (46.94 + 0.248) > 10 K (following Bennartz et al. 2002, wit8 the zenith angle

in degrees). The scatter index aims to detect scenes for which signsicatitering is present (due to
clouds), and the value subtracted from the brightness temperatureediféebetween channels 16 and
17 (Tb16 - Tb17) should ideally take the local conditions into account. Attetopte so, based on FG-
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Figure 2: a) Root mean square of the FG-departure for ATMShole&d6 as a function of LWP and the channel 3
FG-departure. Statistics are based on data over sea, fopdrad 1-31 July 2012. Only bins with a minimum of
100 observations are shown. b) As in a), but for the numbebsérrations per LWP/channel 3 departure bin.
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Table 3: Percentage of observations passing rain and clelated quality control over open sea for ATMS.
Channel number 6,7 8 9-15 18 19-22
Number of observations passing/8 83 100 62 68
quality control [%)]

simulations, resulted in more data being used but a poorer forecastrpanfce, so the simpler global
formulation is being used here. This aspect may have to be revisited in the.futu

The percentage of observations passing the rain and cloud-relatég qoatrol over open sea by ATMS
channel is given in Tabl8. For the temperature-sounding channels, the quality control is slightly less
restrictive than that for AMSU-A, whereas for the humidity sounding deds1the quality control for
ATMS is more stringent, especially around the Intertropical Converg&aone.

Bias correction for ATMS is performed in the variational framework (e.gee[2004), and the bias
predictors are the same as for equivalent AMSU-A or MHS channelsidimgy airmass as well as scan-
bias predictors (see Bormann and Bauer 2010). In the assimilation expériime data are thinned to
a resolution of 140 km, giving preference to the scene that has thetlawgaber of channels passing
quality control. Observation errors are set to 0.35 K for the tropospt@riperature sounding channels
7-12 (0.4 K for channel 6), rising to 1.4 K for channel 15, with assuniestovation errors of 2 K for the
humidity sounding channels (see also Ey.

4 Analysisof departure statistics

In the following, we present an evaluation of ATMS data in terms of depadiatistics against clear-sky
brightness temperatures simulated from short-term forecasts as useIWEL4DVAR assimilation
system. This provides a comparison against a reference with stable #ruharacterised error charac-
teristics for every observation, making it a powerful tool for calibratiatidlation exercises. Statistics
will be compared against those from AMSU-A and MHS instruments alresslyndlated in the ECMWF
system. We concentrate on the sounding channels that are consideagdifoilation in this report.

4.1 General evaluation

Standard deviations of FG-departures suggest a noise performaAtM S8 that is well within specifi-
cations, and overall consistent with pre-launch measurements (cf,tBell 2011 for pre-launch noise
measurements). FiguBshows comparisons between standard deviations of FG-departuoes betl
after 3x3 averaging, together with instrument noise estimates provided iatfeNbte that differences
between the instrument noise and the FG-departure values are expseetecedrors in the FG, the radia-
tive transfer or representativeness errors contributing to the F@rdees. For the temperature channels,
the 3x3 averaging leads to the expected reduction of the standard dewhi@irdepartures. For the
humidity channels, the effect of the 3x3 averaging on the standard dexgasiemaller compared to the
temperature sounding channels. This is because the contribution of ttmmranstrument noise to the
standard deviations of FG-departures is smaller compared to spatiallyatedrerrors in the FG, the
representativeness, radiative transfer and quality control.

After the 3x3 averaging, the performance of ATMS is typically comparablertbetter than that of
AMSU-A instruments currently used in the ECMWF system (Hj. For the tropospheric channels

Technical Memorandum No. 689 5
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Figure 3: Standard deviation of FG-departures after qualibntrol and bias correction for ATMS channels 6-
15 and 18-22. Black indicates values before footprint agemg, grey after averaging 3x3 footprints. Blue and
cyan are estimates of random instrument noise as providéldeimata, before and after averaging, respectively.
Statistics are based on all data over sea, betwee0’latitude, for the period 1-31 July 2012.

(ATMS 6-9), ATMS performs clearly better than all the AMSU-A instrumenigrently assimilated in
terms of standard deviations of FG-departures. Note that some of thaseet have already failed
for the AMSU-A instruments currently in orbit, and ATMS therefore restdost observing capabilities
here. In terms of mean biases, ATMS lies within the range of biases obdervaMSU-A instruments
(as can be seen from the mean bias corrections shown iMFidgNote, however, that for NOAA-15,
NOAA-18 and Aqua an empirical scaling factor for the optical depth calicuia is used, designed to
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Figure 4: FG-departure statistics for ATMS temperature reding channels after 3x3 averaging, in comparison
to equivalent AMSU-A channels for all other AMSU-A instratsecurrently assimilated at ECMWEF. The three
panels show the standard deviation (left), normalised ¢&ath deviation (normalised to one for ATMS, middle),
and the mean bias correction (right). Statistics are basedata after bias correction and quality control for 1-31
July 2012.
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Figure 5: Observation minus FG bias (before bias correcliasa function of ATMS scan position for ATMS chan-
nels 8-15 (blue), in comparison to equivalent AMSU-A chésisean-positions from NOAA-18 (black). Statistics
are based on all data over sea, betweer6(°latitude, for the period 1-31 July 2012. Note that the AMSU-A
values are based on antenna-corrected data, and includergririeal scaling factor for the optical depths in the
radiative transfer calculations.

reduce airmass-dependent biases in the data (e.g., Watts and McNallyiO@naso and Bormann
2011), the effect of which is not included in the mean bias correctionsrshere.

For the humidity sounding channels, the ATMS performance of the 3 MHS:hk@nels are similar to
that of existing MHS instruments, but larger FG-errors, errors ofesgmtativeness and quality control
differences make a comparison less stringent (not shown).

A comparison of scan-position dependent biases for ATMS and AMSE¢glven in Fig.5. The scan

biases are considerably smoother for ATMS, especially for the outesnastpositions, for which the
AMSU-A data tends to show marked differences in the bias characteriBliesto these different bias
characteristics, the outermost 3 AMSU-A scan-positions on either sideuarently not assimilated at
ECMWEF. It appears that such a cautious data selection is not necéssamMS; the variational bias

correction successfully removes biases for all scan-positions on #lie dfsa 3rd order polynomial in
the scan-position. Hence, data from all scan-positions can be us@@Nt8. Combined with the wider
swath width, this leads to a significantly better spatial coverage of usabl&rolat®TMS compared to

AMSU-A (33 % more footprints after averaging, compare also Fig@rasd7).
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Figure 6: First Guess departure (observation minus FirsteSs, after 3x3 averaging and bias correction) for
ATMS channel 12 between 1 July 2012, 21 Z and 2 July 2012 9 Z.

Figure 7: First Guess departure (observation minus FirsteGs, after 3x3 averaging and bias correction) for
NOAA-19 AMSU-A channel 11 between 1 July 2012, 21 Z and 2 04l 2 Z. Only the scan positions considered
for assimilation are shown here, ie, the outermost 3 scaiitipas on each side are not shown.

4.2 Striping and observation error characterisation

While the characteristics in terms of FG-departure statistics suggest apanice of ATMS comparable

to or better than AMSU-A in terms of noise, closer inspection nevertheleggests some noteworthy
issues with the ATMS data. Figusshows a weak cross-track striping pattern in the differences between
observations and FG-equivalents, not present in the equivalenttANShannel (cf Fig.7). Similar
pattern are apparent for many other channels. This suggests a sa@pErdent correlated error in the
ATMS data. The effect has been noted by other authors in other assimiggstems (e.g., Collard et

al. 2012, Doherty et al. 2012). The effect has been traced back gaibyffluctuations in the low noise
amplifier of ATMS (Kent Anderson 2012, pers. communication). Theséuiions mean that the true
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observation error assumed in the assimilation (grey), dredgdtandard deviations of FG-departures (dashed grey).
Statistics are based on used data over sea for 1-31 July 2011 écenes for which all considered channels are
assimilated).

gain of the instrument exhibits relatively long pericd { s) fluctuations. When the cold/warm target
views are used to characterize this gain the resulting estimated gain is nodtacafter timescales of
around 1 s. Unlike thermal (white) noise 1/f noise cannot be dealt with das#yeraging, so efforts to
address this by optimising the calibration averaging have been unsudcessf

Similarly, observation error diagnostics suggest that there is a notat#ectiffe in the size of the contri-

butions of random and correlated error for ATMS compared to AMSU#ese diagnostics have been
calculated from departures obtained from the assimilation of ATMS datawfiolipthe approaches used
in Bormann and Bauer (2010). Estimates of spatial and inter-chanoeloemrelations for ATMS point
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to the presence of errors that are correlated spatially and betweemethiéerg., Fig8). The size of the
correlations is considerably larger for ATMS than for AMSU-A coungetg; for AMSU-A, estimates
for inter-channel error correlations are largely negligible (cf BormeamhBauer 2010). This suggests an
instrument-related feature, likely to be linked to the striping effects mentiormdalihere appear to be
two blocks of channels with more significant inter-channel error cdrogls, channels 6-9 and channels
10-15. Estimates for the observation errarg)(are considerably larger than the instrument noise values
provided in the data (again in contrast to what has been found in thegpadtfSU-A), also suggesting
the presence of a further error source not present for AMSUeAtle humidity sounding channels, the
observation error covariance diagnostics are more consistent withfthoskfor MHS, with significant
error correlations between the humidity sounding channels. These ardikabysthe result of errors of
representativeness or radiative transfer, rather than instrumetderelfects.

The presence of notable error correlations is likely to have implications enATdS data is to be
assimilated. Currently, it is standard practice that such error correlaierignored in the assimilation.
However, Bormann and Collard (2012) show that neglecting intercthanrge correlations can lead to
a detrimental assimilation of observations affected by such error corredatithe diagonal observation
errors are not inflated. Successful assimilation of observations wibh @srrelations is possible when
assuming a diagonal observation error covariance matrix, but coabldegrror inflation factors have
to be used. While inter-channel error correlations could be taken inmuati the assimilation, we
chose to assimilate ATMS assuming diagonal observation errors in thenpstisedy, and our observation
errors are inflated as shown in FR.In this context it is worth mentioning that an experiment was also
conducted with smaller observation errors, consistent with the AMSU-ATlsge experiment performed
slightly more poorly than when inflated errors are used. This is in contrastame positive forecast
impact that recently resulted from reducing the observation errors §tBW-A from 0.35 K to 0.2 K
for the tropospheric and lower stratospheric sounding channels in tMMBCsystem. The lack of
improvement from the observation error reduction may be related to the @mnelations discussed
above.

Further aspects of ATMS data have been studied on the basis of de#tistics, such as the temporal
stability and within-orbit biases. Overall, the performance for the tempersaunding channels was
found at least comparable to that of current AMSU-A instruments. Empdoyaparture-based methods
described in Lu et al. (2011) also gives no indication of significant-passl shifts for the temperature
sounding channels (shifts well below 10 MHz for channels 7-15). Thisdentrast to recent findings for
AMSU-A, where indications of passband shifts of several 10s of M&ztbeen diagnosed for channels
6-8 (Lu and Bell 2012). The result is likely to be related to the use of agpluak local oscillator in
ATMS (NASA 2011).

5 Assmilation results

We will now discuss the results from our assimilation trials with ATMS data. Ttresde were motivated
by the overall good quality of the ATMS data, as summarised in the abovetdepaharacteristics.
While the striping pattern discussed above has to be kept in mind when setinglatson choices, we
consider it small enough to nevertheless experiment with assimilation of the data

Analysis diagnostics show consistently a positive impact on tropospheniiiy from the assimilation
of ATMS data, as evidenced through reduced standard deviations-dép&rtures for humidity sounding
channels (e.g., Fidgl0). The reductions are very consistent for the two seasons and for vagieur
channels from different instruments such as MHS, AIRS, IASI, andS1IThey are most pronounced
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Figure 10: Standard deviations of FG departures for all usdHS data combined, normalised to one for the
CTL experiment. Red shows statistics for the CTL, blacki®@XTMS experiment, over the Northern Hemisphere
extra-tropics (left), Tropics (middle) and the Southernnkigphere extra-tropics (right). Statistics are for the
December-February period.

over the Southern Hemisphere for which they are typically between 1-2Hé sihaller FG departures
suggest smaller errors in the FG and hence a positive impact on shottenidity forecasts.

For other observations, changes in the departure statistics are geserallytypically less than 0.5 %
for the standard deviations of FG-departures), with a slight tendemcgdoced standard deviations.

The forecast impact from the assimilation of ATMS data is overall neutrab#itipe (e.g., Figl11).
Averaged over the two seasons, the impact on the 500 hPa geopotentjalfisantly positive for the

Normalised RMSE difference
o
Il

4 5 4 5
Forecast Day Forecast Day

Normalised RMSE difference
o
Il

4 5 4 5
Forecast Day Forecast Day

Figure 11: a) Normalised difference in the root mean squdazdcast error for the 500 hPa geopotential over the

Northern Hemisphere extra-tropics as a function of forécasge (days) for the ATMS and the control experiment.
Negative values show a reduction of forecast errors rasgifiom the assimilation of ATMS data. The vertical bars

indicate 95 % confidence intervals. Each experiment has begfied against its own analysis, and the scores for
the two seasons have been combined, leading to a total ofd€¥5cb) As a), but for the Southern Hemisphere.
c) As a), but for the 850 hPa wind forecast over the tropicsAslx), but for the 200 hPa wind forecast.
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15 Dec 2011 - 6 Feb 2012 28 June — 31 Aug 2012
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Symbol legend: for a given forecast step... (d: score difference, s: confidence interval width)
A experiment better than control statistically highly significant (the confidence bar above zero by more than its height ) (d/s>3)
4 experiment better than control statistically significant (d/s>1)
E;E; experiment better than control, yet not statistically significant (d/s>0.5)
not really any difference between control and experiment
5535 experiment worse than control, yet not statistically significant (d/s<-0.5)
v experiment worse than control statistically significant (d/s<-1)
¥ experiment worse than control statistically highly significant (the confidence bar below zero by more than its height) (d/s<-3)

Figure 12: Scorecards for the December-February periodt,(45 cases) and the July/August period (right, 57
cases). Verification is against each experiment's own aiglysee symbol legend for further explanations.

Southern Hemisphere in the short range and for the Northern Hemisphtbeeday 7-8 range, reaching
1-2 % over a range of tropospheric levels. The forecast impact orgerof parameters over the Southern
Hemisphere is more positive for the December-February period, whtreampact in the longer range
for the Northern Hemisphere is present in both seasons {2g. There is a slight degradation for
the 850 hPa temperature forecasts for day 1 and 2 over the SouthernpHeraisn the July/August
experiment, not present for the other period. For humidity, the foreeasication is more difficult, as
the results are highly sensitive to the choice of the verifying analysis. bbereation-based evaluation
of short-term forecasts presented above is considered more reliablis iregfard. Nevertheless, the
July/August period shows some reduction in the forecast error foerupppospheric humidity in the
tropics when verified against the own analysis.
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Overall, the forecast impact of ATMS is very encouraging, given thatNRP orbit is currently fairly
well observed in terms of microwave sounding observations, with NOAANBAA-19, and Aqua
all providing AMSU-A temperature sounding capabilities, and NOAA-18 A A-19 also featuring
MHS instruments. It appears that the additional observations and theltimgsnfluence of reducing
analysis uncertainty are still providing benefit in the assimilation system.

6 Conclusions

This memorandum reports on the first experiences at ECMWF with ATMS Hath in terms of the
contribution to the calibration/validation exercise, and extended assimilation tfiaks main findings
are:

e The instrument appears to be performing well, with noise values well withicifsgions and,
after averaging, comparable to or better than current AMSU-A and MBi8uiments.

e Scan-biases are much smoother than commonly found for AMSU-A, eeretmntenna pattern
correction, allowing the outer scan positions to be included in the assimilatigeter with the
wider swath this leads to a significantly improved coverage of usable @ltiggry with ATMS
compared to AMSU-A.

e Small scanline-dependent biases have been identified, visible as strifgnts & maps of FG-
departures for higher channels. Also, there are some indications ef latgr-channel and spatial
error correlations for ATMS than for AMSU-A, and this aspect is likely &dlibked to the striping
artifacts.

e The analysis and forecast impact is neutral to positive, with significansjtip® impact at the
short-range over the Southern Hemisphere, and at the longer ramgéaeWorthern Hemisphere.
The striping effect does not preclude successful assimilation of the data

The forecast impact results from these initial experiments are encogragipecially given the number
of observations already assimilated from similar orbits. The results highlgghn ahat additional mi-

crowave sounding data still gives further benefits in terms of fore&dktessen when data from three
or more orbits are already present, consistent with earlier results rdpor&ormann (2010) and Di

Tomaso and Bormann (2011). The positive forecast impact led to aatap®l assimilation of ATMS

data at ECMWF from 26 September 2012 onwards.

The use of ATMS data at ECMWEF is likely to be extended and refined as iwdugther experience with
the data. Surface-sensitive channels are currently assimilated ovamlgeand this should be extended
to an assimilation over land following approaches described in Krzemingki €2008) and Di Tomaso
and Bormann (2012). Quality-control procedures may need to be defimeinstance, bearing in mind
the scale-mismatch between the quality control channels 1 and 2 and the sghmileied sounding
channels. Also, ATMS data are still subject to refinements, with potentiairfprovements regarding
the striping effect described here, and some alterations to the bias paiterardenna pattern corrections
are developed.
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