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1 Executive Summary

Clear-sky observations from Microwave (MW) and Infra-Ré&)(sounders are currently assimilated
directly as radiances into the ECMWF assimilation systerhens they have a significant impact on
atmospheric temperature, humidity and wind fields. The owewve sounders include the AMSU-A
temperature sounders, MHS humidity sounders and the neWdiSAnstrument which combines both
temperature and humidity sounding channels. The infranstiuments include the older HIRS instru-
ment and the newer hyperspectral IASI and AIRS soundersf allhich have temperature and water
vapour sounding channels, as well as some channels whighicanformation on ozone. AMSU-A,
MHS and HIRS together make up the ATOVS suite of instrumenite purpose of this fellowship is to
improve the usage of ATOVS instruments and ATOVS-like imstents such as ATMS in the ECMWF
forecasting system.

In the first year of this fellowship, three different studiesre carried out. The first study was to assess
the impact of the HIRS instrument in the ECMWEF system. This d@ane for two reasons. Firstly the
operational 4DVAR system has gone through many upgrades BilRS radiances were first assimilated
at ECMWF and the effect of HIRS data on the system has not besfied in recent years. Secondly
HIRS provides similar information to IASI and AIRS and at ganorbit times but with a lower vertical
resolution. It is therefore of interest to investigate wisetthe HIRS radiances are still having an effect.
The assessment was done by performing simulations of the\BENbrecasting system without the
HIRS data and comparing the results to the operational s#&tepfound that including HIRS improved
the fit of the 12-hour forecast to the humidity sounder MHS IB% and IR temperature sounders IASI
and AIRS by 0.5 - 1 % and produced a 0.5 % improvement in the-shonge forecasts for temperature
and geopotential in the Southern Hemisphere. These chaalgesugh small were found to be statis-
tically significant, indicating an improvement in shortigee temperature and humidity forecasts when
HIRS is actively assimilated.

The second study was to test extending the coverage of theSAIRstrument over land and sea-ice.
ATMS is one of the newest sounding instruments to be asgidilat ECMWEF: it was launched on
NASAs Suomi-NPP satellite in 2011, and has been assindilatgerationally at ECMWF since 26
September 2012. The initial operational setup includedeatiperature and humidity sounding chan-
nels over ocean and only the higher peaking, non-surfacgtisen temperature sounding channels over
land and sea-ice. This setup was shown to have a small mositppact on forecast score2]), which
motivated us to try extending the global coverage of ATMS ssimilating all channels over land and
sea-ice. Assimilation trials were carried out and thesé&atdd that introducing ATMS data over land
had a positive impact on temperature and humidity forecadsvever some mixed results were ob-
tained when introducing ATMS data over sea-ice: the fit ohb¥ forecasts to the MHS instrument
improved but a slight negative impact on temperature f@tsaaver the southern Hemisphere ocean was
observed. It was therefore decided to introduce ATMS daga land into the operational system (cycle
40R3 September 2014) but not over sea-ice, pending furtises. t

The third study was to develop and test situation-depenalesetrvation errors for clear-sky assimilation
of the surface-sensitive channels of AMSU-A, which incleid@annels 5 - 7 (frequencies of 52.8 GHz,
53.596+ 0.115 GHz, and 54.4 GHz). Currently a single value is usedHerobservation errors of
each channel. In this study we developed observation ewbish took into account uncertainties in
the surface emissivity and errors due to the presence oftertee cloud. These errors included terms
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depending on the surface-to-space transmittance, skipgieture and atmospheric liquid water path.
The study follows on from the work o8] with the added development of the cloud term. We tested the
new observation errors in assimilation trials. Firstly e trials introducing these new terms with the
current operational setup. Secondly we ran simulationgevtiee screening was to some extent relaxed
over high orography and in cloudy conditions, allowing innmdata but with higher observation errors so
that it has less weight in the analysis. Results indicatatlttte new observation errors without changing
the screening (i.e. with the same number of data) had a heéunpact on forecast scores. However
some positive impacts were observed on the 12-hour fit to ADlKrvations and in forecast scores of
geopotential height when the cloud-screening was relaXéds study is still ongoing and further tests
will be made in the future.

2 HIRS: Testing theimpact on the ECMWF Numerical Weather Predic-
tion Model

2.1 Introduction

The HIRS instrument is an infra-red sounder with£OO,/N,O and water vapour channels. The former
two provide information on atmospheric temperature aedght levels of the atmosphere and the latter
includes two channels which provide information on the api@ric humidity, with peak sensitivities at
500hPa and 700hPa. At the time of this study HIRS data wereectassimilated for the instruments
aboard the NOAA-19 and MetOp-A satellites, which orbit theatE at a local time of 9:30 and 13:37
respectively for the ascending orbit. Due to a recent irsgda the instrument noise, the NOAA-19
HIRS data is no longer actively assimilated. Note that tastsongoing for the possible introduction of
MetOp-B HIRS.

In order to investigate the impact of HIRS data, assimitatiials were performed in which the HIRS
radiances were no longer assimilated and the effect on tieedst scores and departure statistics was
assessed. These assimilation experiments are descrilsedtion2.2 and the results are discussed in
section2.3.

2.2 Assimilation experiment setup

Four different assimilation experiments were carried &ustly experiments actively assimilating HIRS
radiances were run for two seasons: 1 January - 29 Februag/&td 1 July - 31 August 2012. These
two experiments were considered to be the control expetsne®econdly two experiments where the
HIRS radiances were not actively assimilated were run dwersame periods. Hereafter we will refer
to these experiments as the ‘No Hirs’ experiments. All expents used Cycle 38r2 of the assimilation
system and had a spatial resolution of T544Q km), an incremental analysis resolution of T2580

km) and 137 levels in the vertical. 10 day forecasts wereutatied from each 0z analysis. The departure
statistics and forecast scores for all four experiment@wempared to each other in order to assess the
influence of the HIRS radiances.
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2.3 Reaults
2.3.1 First Guess Departure Statistics

One way of assessing the impact of the HIRS radiances on thi 8iidtem is to look at statistics for the

observations minus the background, known as the backgroufist Guess (FG) departure statistics.
This allows us to compare 12 hour forecasts to observatishgh include conventional data such as
radiosondes, as well as satellite data. We are particutadyested in the impact of HIRS assimilation on

the humidity and temperature profiles provided by radiossrat heights of of 200 - 1000 hPa, since the
HIRS IR channels are most sensitive to this, and also thertlgpastatistics of other satellite instruments
whose measurements are also sensitive to humidity and tatnpe These latter satellites include CrlS,
AIRS, and IASI IR sounders and MHS which is a microwave hutgidounder.

FG-departure statistics for radiosonde measurementsraf wéctors, temperature and humidity were
calculated and there were found to be some changes for thetatare radiosondes when HIRS radi-
ances were assimilated, which are shown in figurelhis figure indicates an improvement of fits to
temperature radiosondes at 500hPa and a degradation aiP®@® the Northern Hemisphere extra-
tropics. The improvement was seen in both the summer ancemiaxperiments but the degradation
was seen only in the Northern Hemisphere summer experinférgre were no significant differences
in humidity radiosonde departures but some slight redostia the standard deviation of background
departures for vector wind radiosondes over the Northemikjghere.

There are slight improvements in the departure statistidheo MHS radiances over all three assim-
ilated channels; standard deviations of MHS backgroundaderes were reduced by approximately
0.4% when HIRS was assimilated, as shown in fig)yrand this was consistent for the Northern Hemi-
sphere extra-tropics, Southern Hemisphere extra-tr@idsropics as well as for the MHS instruments
on the different satellites (NOAA-18, NOAA-19, MetOp-A)h&re were also generally lower biases be-
tween MHS observations and the background when HIRS wasidetgid. The assimilation of HIRS
radiances also reduced the standard deviation of backdrdepartures for the water vapour and ozone
channels of AIRS and IASI (shown in figug® by up to 1 % as well as SSMI/S by 0.1 - 0.2 %, especially
the humidity-sensitive channels. These reductions waraddo be statistically significant in the 95th
percentile. The reduction in the departure statisticsesé instruments indicates that the HIRS radi-
ance assimilation improves short-range forecasts, péatig of humidity, since it brings the radiances
simulated from these 12 hour forecasts closer to obsensatio

2.3.2 Forecast scores

When assessing the impact of a change in the data assimiiatgtem we would like to study the effect
on the forecast accuracy, which can be done by looking atttheges in forecast scores. Forecast scores
are the root mean square difference between forecast ahgianaveraged over time for each forecast
step (12 hour - 10 days). In this case we assume that the @iy close representation of the true
value.

Temperature, geopotential, humidity and vector wind fastscores were calculated for each experi-
ment over each season, and then the difference betweendhdIRE’ experiments and the control was
calculated in order to assess the impact of HIRS. These vegreatised to the control experiments and
values were averaged over the Northern Hemisphere expecgrdSouthern Hemisphere extra tropics,
and tropics, at levels of 1000, 850, 700, 500, 200, 100, andP%0 Results showed that overall the
assimilation of HIRS radiances produced a neutral to dligidsitive impact on the forecasts for geopo-
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Figure 1: Standard deviation of (0-b) of the for the AIREP Penature radiosondes as a function of atmospheric
height in hPa for the ‘No HIRS’ experiments normalised to ¢batrol. Values are averaged over the Northern
Hemisphere extra-tropics and for 4 months of experimesraiticluding both the winter and summer periods.
Values below 100% indicate a reduction in standard deviatibbackground departures when HIRS data is used.
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Figure 2: Difference in departure statistics of the MHS, 1A8d AIRS instruments (left-to right) as a function
of channel number (y axis) for the ‘No HIRS’ experiments madised to the departure statistics of the control.
Values are averaged globally and over 4 months of experiatientincluding both the winter and summer periods.
Values below 100% indicate a reduction in standard deviatibbackground departures when HIRS data is used.
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tential, temperature and wind vector. To illustrate thiguffe 3 shows these forecast scores at 500hPa
for the Southern Hemisphere extra-tropics as a functiordast day. Values are averaged over both
seasons and compared to own analyses. Slightly positivadtagabout 0.5 % improvement) were ob-
served for the Southern Hemisphere 0 - 3 day geopotentietdsts which is also shown as a function
of latitude and pressure in figude The impact on temperature and wind was mostly neutral ¢inii
positive. Forecast scores of humidity were mainly neuttdlvaith a slight negative impact in days 1

- 2, as shown in figur@®. This was not observed in the humidity forecast scores edrifigainst the
operational analysis, indicating that this is likely to hednore to an increased variation in the analysis
rather than a degradation in the accuracy of the forecastthérmore, there was an improvement in the
departure statistics of MHS and other humidity-sensitibsesvations, as shown in Figu2eindicating

an improvement in the fit of humidity-dependent observatitm12-hour forecasts.
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Figure 3: Normalised difference in the root mean square dast error as a function of forecast day for the
Southern Hemisphere extra tropics at 500 hPa for (leftitivr and top-to-bottom) geopotential, temperature,
vector wind and humidity. Values show forecast scores gdrdigainst own analysis for the control minus ‘No

HIRS’ experiments and are averaged over both seasons. Megatlues indicate that HIRS radiances have a
positive impact on forecast scores.

2.4 Conclusions

In this section we investigated the impact of HIRS radiarameshe ECMWF data assimilation system.
Four assimilation experiments were performed over two@easJanuary - February 2012 and July -
August 2012. For each season a control experiment was patbwhere HIRS was actively assimilated
(as with the operational system) and a ‘No HIRS’ experimeas werformed where HIRS radiances
were not actively assimilated. Background departuresttediand forecast scores were compared for the
control and ‘no HIRS’ experiments. These statistics shoare@nmproved fit of observations to 12-hour
forecasts (background) for the MHS, IASI and AIRS instrutserirorecast scores indicated an overall
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Figure 4: Normalised difference in the root mean square g¢eptial forecast error as a function of latitude (x-
axis) and pressure (y-axis) for day 2 forecasts (left) ang 8l#orecasts (right).Forecasts are verified against own
analysis and averaged over both seasons. Negative (blleg¢vindicate that HIRS radiances have a positive
impact on forecast scores and the bars indicate that thigisssically significant.

neutral to slightly positive impact for the assimilationtdfRS radiances for temperature, geopotential
and wind vector. We conclude that HIRS has a neutral to pesithpact on assimilation and forecasts.

3 ATMS

3.1 Introduction

The ATMS instrument is flown aboard NASA's Suomi-NPP satelliaunched in 2011. This instrument
combines heritage channels for temperature and humiditpding from AMSU-A and MHS respec-
tively with two new humidity sounding channels and an addiil window channel. The weighting
functions for the different sounding channels are showngaré5. ATMS data are sampled more
densely than AMSU-A with a smaller footprint and a largerseoi Before assimilation the ATMS data
are averaged over 3 neighbouring scan positions and 3 st reduce the noise to desirable levels
[2]. After this 3 x 3 averaging, ATMS has lower noise levels tleguivalent channels on AMSU-A and
MHS instruments flown aboard the NOAA and MetOp satelliteeserHowever a cross-track striping
pattern was observed in first guess departures indicaticgrdise-dependent correlated error. Further-
more P] found a higher interchannel error correlation for ATMSriHar AMSU-A. Because of this,
the ATMS data is assigned a higher observation error than BM&nd MHS in the ECMWF 4D-VAR
assimilation system, and thus given less weight than AMSbF-MHS in the assimilation. Assimila-
tion trials indicated that introducing ATMS in this mannaoguced an improvement in tropospheric
humidity and temperature fields (s&d)[

Currently all sounding channels are assimilated over oe@anonly channels 10 - 15, the stratospheric
and lower tropospheric temperature channels, are asgdhiaver land and sea-ice. Here we present
results of studies to extend the ATMS coverage over land eadce for the additional surface-sensitive
channels. To do this we follow methods developed for thexakgion of AMSU-A and MHS over land
and sea-ice g, [8], [7]), which are described 8.2
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Figure 5: ATMS weighting functions at nadir for left) tematire sounding channels and right) humidity sounding
channels

3.2 Method for the Assimilation of surface-sensitive ATM S channels over land and sea-
ice

For the assimilation of surface-sensitive temperaturetamdidity sounding channels in clear-sky con-
ditions, the top of the atmosphere radiandgs,can be expressed as:

Te = Tl e+ (1— &) M Taim+ Tatm (1)

where¢ is the surface emissivity, the surface-to-space transmittand’é,m the upward atmospheric
emission, and’aﬁmthe downward atmospheric emission inclusive of the mick@tzckground radiation
term. This equation is the forward model used for the asatioit of microwave sounder data which are
sensitive to the surfaceTaitm, TaTtm andl™ are the atmospheric terms which depend on the atmospheric
control variables retrieved during the assimilation. lea ECMWF system, the surface skin temperature,
Ts, is retrieved separately for each instrument during thdyaisain the form of a sink variable. Its
background value is taken from the model, with a backgrourat ef 5 K over land, 7.5 K over sea-ice
and 1 K over ocean. Over ocean the surface emissajitg,calculated at each iteration from the analysed
wind and surface temperature fields using the FASTEM modeler @and and sea-ice however, the
emissivity must be estimated prior to the assimilation. raleo to add ATMS surface-sensitive channels
over land and sea-ice we adopted the methods currently as@dfSU-A and MHS, as described in the
following.

For AMSU-A, the window channel at 50.3 GHz is used to caleutide emissivity for the temperature
sounding channels around 53 - 56 GHz and for MHS, the windamicll at 89 GHz is used for calcu-
lating the emissivity of the humidity sounding channelshia 183 water vapour band. Following this
approach, we selected ATMS window channels at the samedneigs for the land and sea-ice emis-
sivity calculation which are channel 3 for the temperatwensling channels 6 - 9 and channel 16 for
the humidity sounding channels 18 - 22. For MHS over sea-iceriection is applied to the retrieved
emissivity and so we applied the same correction to charthef ATMS. This correction accounts for
differences in the emissivity at 89 GHz (channel 16) and thessivity at 183 GHz (channels 18 - 22).
It involves subtracting a constant term of 0.01 and addimgdifference in brightness temperatures of
channels 17 and 16, divided by the skin temperature. Overdanemissivity atlas was maintained for
ATMS, as for AMSU-A and MHS instruments, and these are ugbatery cycle using a Kalman Filter.
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The atlas is used to check the retrieved emissivity whichdcbe influenced by instrument noise and
errors in model surface skin temperature. If the retrievadssivity is different by 0.2 or more from the
atlas value, itis not used and the atlas value (a kalmanfiftéate from a previous cylce) is used instead.
In this case the retrieved emissivity is also flagged as a bhe\and the atlas is not updated.

Before assimilating ATMS in the clear-sky system, we mugetae out cloud-affected data. Over ocean,
this is done using the a first guess check on a window chanmebioed with liquid water path and
scatter index checks - se# for more details. The new temperature-sounding datadiized over land
and sea-ice were cloud-screened using a first guess checkidawchannel 5 (52.8GHz): channels 6
- 8 were not used when the first guess departures of channele®@ad 0.7 K. The humidity sounding
channels had a different screening over land and sea-icer l@vwd channels 16 - 22 were not used if
the first guess departures of channel 17 (165.5 GHz) excdeHleahd over sea-ice these channels were
not used if the first guess departures of channel 16 (88.2 @kt®eded 5 K. There was an additional
scatter index check over snow-free land where channels Ger@ mot used when the 23 - 89 GHz scatter
index exceeded 3.0 K. All of these cloud screening checksh@same as those currently used for the
equivalent channels of AMSU-A and MHS.

3.3 Assimilation Trial setup

Experiments were run to test the introduction of ATMS susfaensitive data over land and sea-ice as
follows:

e Control experiments: Cycle 39R1 of the ECMWF forecastingtesyn with an additional skin tem-
perature sink variable bug fix (to be made operational inec4@R2),

e Land experiments: As control but with the introduction of M& humidity channels and ATMS
surface-sensitive temperature sounding channels ovey lan

e Land and sea-ice experiments: As the land experiments lihttixe additional ATMS channels
also added over sea-ice.

Experiments were run for a total of just over 4.5 months oyegr2ods: 1 January - 15 February 2013 and
22 April - 31 July 2013. They were run at a resolution of T51ithwi37 model levels in the atmosphere.

3.4 Results

As for the HIRS experiments, we assessed the impact of thidadd ATMS data by looking at the
change in the first guess departures, which indicates tHeoliRforecast fit to observations, and also
changes in the forecast scores for temperature, humiditypagtential and vector wind. For both the
land and the land and sea-ice experiments, the standaratidevof first guess departures for MHS and
AMSU-A channels 5 - 8 (equivalent of ATMS 6 - 9) was found to keuced when ATMS data were
introduced, indicating an improvement in the 12 - hour terapge and humidity forecasts. This is
shown in figure®$ and7. The reduction was about 0.5% for MHS and 0.05 - 0.1% for thwefepeaking
AMSU-A channels and was statistically significant as int#idaby the error bars in figurésand7. It
can also be seen in these figures that the standard deviafWH® departures for channel 4 were lower
for the ATMS over land and sea-ice experiment than for the &Tdwer land experiment, indicating an
improved short-term humidity forecast when ATMS data weteoduced over sea-ice, as well as over
land. For all other instruments the background departuess wnchanged.
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experimental period (1.5 + 3 months) and values are norredli® the control. The red line indicates the ‘ATMS
over land’ experiments and the black line indicates the ‘ATd#er land and sea-ice’ experiments. Values below
100 indicate a reduction when the new ATMS data is used.
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Figure 7: The same as figubut for the MHS instrument instead of AMSU-A.
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The change in forecast scores between experiment and camre calculated for geopotential height,
temperature, humidity and vector wind for different atmuesjic pressure levels and for the 1 - 10 day
forecasts, as with the HIRS experiments. These showed dynraentral impact for the ATMS over
land experiment with respect to the control. As an examperéis8 and9, show the ATMS over land
geopotential and temperature forecast scores minus ¢téotegast scores, shown in red, and the ATMS
over land and sea-ice forecast scores minus control, sholMadk. For the ATMS over land and sea-ice
experiment we can see here no statistically significant gaim forecast scores with the exception of
the 1 and 2 day temperature forecasts in the Southern Heemespghown in figur® (left). This can be
seen more clearly in a global map of the 1 day temperaturedstaninus control for the ATMS over
land and sea-ice experiment, shown in figlibe where a large area of negative impact is visible in the
Southern Hemisphere ocean. This corresponds to areasdodealjust North of the sea-ice. ATMS data
were added for these areas because in the process of adthngvdasea-ice a strict filter was removed
which filtered any data with a sea surface temperature ofless278 K. Instead now we treat any data
with a sea surface temperature of less than 271.45 K as eedfie red area in figur@corresponds to
data being added over sea when the skin temperature is eBvéel5 and 278 K. It is not clear why we
see this degradation. It may simply be that adding more degartade the analysis more variable rather
than degrading the forecast. This is further supported byabt that forecast scores verified against the
operational analysis do not show this signature and thelatdrdeviation of background departures were
unchanged for AMSU-A in this area. However we decided to takautious approach and not introduce
ATMS over sea-ice or cold sea operationally, keeping theesaperational set-up over ocean, pending
further study.
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Figure 8: Difference in the root mean square geopotentisdd¢ast minus analysis between ATMS experiments
and the control as a function of forecast day. Results ardigdragainst own analysis and are averaged over the
Southern Hemisphere extratropics (left), tropics (cerdired Northern Hemisphere extratropics (right) at 500hPa.

The red line indicates the ‘ATMS over land’ experiments drlhilack line indicates the ‘ATMS over land and
sea-ice’ experiments.

3.5 Conclusions

We tested the introduction of ATMS humidity and surface gamstemperature sounding channels over
land and sea-ice into the ECMWF model by performing asstiuitarials where the new data were used.
To introduce these data we followed methods developed qushj for AMSU-A and MHS to estimate
the surface emissivity and skin temperature values. Reshitwed that the introduction of data over
land had a positive impact on short-range temperature amidity forecasts. The introduction of data
over sea-ice produced more mixed results. Standard daviafibackground departures were reduced
for the MHS humidity sounder, indicating an improvementhia €2-hour humidity forecasts, but some
negative impacts were observed over the Southern Hemisplean for the 1 day 1000 hPa temperature
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Figure 9: Same as figur@but for temperature forecast scores at 1000hPa.
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Figure 10: Difference in the root mean square temperaturedast score at 1000hPa for the day 1 forecast: ATMS
over land and sea-ice minus control. Red and green coloud&dte a reduction in forecast skill between the
experiment and control and blue indicates and improvenrefdrecast skill.
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forecast scores. This could be due to a degradation in thpelerture forecasts or, since these scores
are verified against own analysis, it could indicate a changlee analysis as a result of the addition of
new data, which would not necessarily be a concern. As atrekthe assimilation trials for ATMS it
was decided to make the change over land operational (fée d@&k3) but not to introduce the data over
sea-ice. Work is ongoing to introduce the humidity soundingnnels into the all-sky stream at ECMWF
and then the introduction of data over sea-ice can be tegtdd & this stream.

4 Observation Errorsfor AMSU-A channels5 -7

4.1 Introduction

The Advanced Microwave Sounding Unit -A (AMSU-A) measuradiances at different frequencies,
which are sensitive to temperature at different heightshefdtmosphere. The direct assimilation of
these radiances in the ECMWEF assimilation system, alonly MiEI, AIRS and HIRS radiances, and

radiosonde data, contributes to the retrieval of atmosplemperature in the analysis. AMSU-A is an
important instrument because we have a very good globarageeof this data type both due to the fact
that we are able to use the data in a variety of atmospherisarfidce conditions (cloud, sea-ice, etc.)
and because we currently assimilate data from 6 individUdBAI-A instruments onboard 6 different

satellites, each with a different equatorial crossing timel each sampling a different period of the
diurnal cycle.

There are 10 different sounding channels on AMSU-A with Giesapies around the 60 GHz oxygen
absorption line and the radiances from these channels aséige to different parts of the troposphere
and stratosphere. Channels 5 - 8 have weighting functiorishwieak in the troposphere, channel 9
in the tropopause and channels 10 - 14 in the stratospheew@lghting functions for these channels
are the same as channels 6 - 15 for ATMS which are shown in figgceannel 6 ATMS is equivalent
to channel 5 AMSU-A, channel 7 ATMS to channel 6 AMSU-A, etchhe lower peaking AMSU-A
channels (5 - 8) are important for weather prediction, paldirly channel 5 which peaks at around 700
hPa at nadir (see figui®), but they are harder to assimilate than the higher peakiagrels because
they are sensitive to cloud and have a surface emission @ledtien component. Because of this we
rely on estimates of the surface skin temperature and aritysand a cloud screening procedure in order
to assimilate these radiances in clear sky conditions.

In assimilating satellite data we must establish valueshsieovation errors to assign to each datum,
which decides the weight given to the data in the analysises&hvalues should include instrument
noise, forward model error, and error correlation betwdsmaels. In practice we assume a constant,
uncorrelated value, which is generally inflated above thgmbsed instrument noise value to account for
correlations and forward model errors which are otherwgseied. Howeverl]] recently found that the
interchannel error correlations are very low for AMSU-A iathallowed the authors to reduce AMSU-A
observation errors used at ECMWF to 0.20 K for channels 6 -d90a28 K for channel 5, leading to an
improvement in forecast accuracy.

Currently AMSU-A observation errors are fixed values forreabannel, that is they do not depend on
atmospheric or surface fields. However for channels 5 - 8 whie sensitive to surface emission and
cloud, there are forward model errors due to uncertaintighése components, which will depend on
the atmospheric situation and the surface type. For examplexpect emissivity errors to be higher
over land than over ocean, and in some cases data will passrgening in the presence of cloud which
will increase forward model error, since cloud effects aseincluded in the forward model.The aim of
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this study is to develop and test new observation errors MBR-A channels 5 - 8 which account for
forward model errors due to undetected cloud and unceigaii the surface emission.

Previously B] developed a simple equation relating errors in skin tempee and emissivity to errors
in the calculated top of the atmosphere brightness tempesatfrom approximate radiative transfer
equations. Looking at AMSU-A channel 5 first guess depastute author suggested that over land the
skin temperature errors dominate and over ocean the swfaissivity errors dominate. For the surface
component of the observation errors we will adopt the eqoagjiven in B] but will only consider
emissivity error terms since in the ECMWF assimilation sgsthe skin temperature is retrieved in the
analysis.

4.2 Observation errors

The total AMSU-A observation errog,, due to instrument noise and forward model error coming from
emissivity and cloud terms can be expressed as follows:

2_ 2 2 2
Og = Uemis+ Ocioud + ON» (2)

whereagy is the noise termgemisthe emissivity error term andouq the cloud term. The noise term is a
constant value for each channel and the cloud and emissaritys will depend on characteristics of the
surface and atmosphere. Thgoug-term arises as we currently assimilate AMSU-A using a esbgr
radiative transfer model. Attempts at using the troposph&MSU-A channels in all-sky conditions
have so far not been success#i. [

4.2.1 Emissivity term

In this study we account for forward model errors due to @feerms by considering the uncertainty
in the emissivity. Note that we do not consider skin tempgeagerrors since the skin temperature is a
4D-Var control variable. An error in surface emissiviyg, will produce an error in the atmospheric

radiances of a surface sensitive chand@g which can be expressed &j§:[

OTg = (Ts—T)[de+ (T —To) M23¢, (3)

where we have assumed an isothermal atmosphere of temgefaande is the surface emissivityig is
the skin temperaturd, the surface-to-space transmittance, an the cosmic microwave background
radiation.

From @) we can see that in the case where surface and atmosphepieranreds andT are similar, the
dominant term for the emissivity error (3 — T.) 2, sinceT, ~ 2.7K. Thus we can write the emissivity
error termdemis as:

Omis= (0Te)” ~ (T —Te)*T*(3¢)”. (4)
(4) can also be expressed as a function of the skin temperature:

Gezmis% T52r4(58)2, (5)
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where we have assumed tiat- T. ~ T ~ Ts. Then @) becomes:

02 = T2r*(8€)* + 0oug+ OR- (6)

This gives us an equation for the observation errors whicteases with surface-to-space transmittance,
skin temperature and emissivity error, i.e. observatiaorerare higher where the sensitivity to the

surface is higher and for higher surface temperatu(és.)2 may vary with surface type which means

that the observation errors will be different for differentrface types. In order to estimat&e)? for
different surface types we calculated a best fit &)f Where the variance of first guess departures of
channel 5 were used as a proxy ff, and background values were used TorandI'. We filtered
data to remove values which were flagged as cloud contandiatead liquid water paths 0.05kg/nm?
over ocean, so that we could assumguq ~ 0 in (6). We used 1 month of global data, binniigr*
values, and calculating the variance of (0-b) for thoseaslwer a month. Note that using the first guess
departures as a proxy for observation error§)ig an approximation since the first guess departures also
include skin temperature errors and first guess errors absgiitreric terms as well as other observation
error terms including representivity and errors due to texted cloud. Additionally the ocean emissivity
includes first guess errors for the surface wind speed. Hem@srforming the fit in this way provides
us with an estimate of emissivity errors, which we can checklbo comparing them to the variation in
retrieved emissivity over different surface types.

Performing a best fit off) with d¢joug =~ 0, we retrievec{ée)2 simultaneously withrﬁ for the following
surface types: ocean, snow-free land, snow-covered latidearice. Previouslyg] calculated values
for different types of land surface (desert, forest, etalf the values obtained were all very similar,
with the exception of snow-cover, and so we decided not terdifitiate between these surface types.
We checked the validity of the values obtained by calcuiptime standard deviation of the retrieved
emissivities, averaged spatially and over a period of 2 weiek different surface types, and these were
found to be very similar with the exception of ocean. For océ® emissivity error calculated from the
best fit was 0.20 and the emissivity standard deviation wES. OThe differences for this value may be
due, at least in part, to errors in the first guess wind speeacdhwhill increase the first guess emissivity
error. However since wind speed is a control variable we dowigh to include this in our emissivity
error. We decided to take a value of 0.15 as a compromise.

The final values fofd¢)? are given in Tablet.2.1

Table 1: emissivity errors for different surface types

Surface Type | (J¢)?
Ocean 0.01%
Sea-ice 0.050%
Snow-covered land 0.050
Snow-free land | 0.022

4.2.2 Cloud term

Cloud liquid water, rain, ice and snow can affect the radéanaf the lower peaking AMSU-A channels
by absorption, scattering and/or emission. To illustrate figurel1 shows the difference in brightness
temperatures simulated using the all-sky and clear-skiatiae transfer equationsg_a — Ts_clear) fOr
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NOAA-19 AMSU-A channels 5 - 7, and for one cycle of the ECMW(Fefasting system. Figurk2
shows the corresponding first guess cloud, rain, snow andiager paths. Here we can see that in the
presence of cloud, rain, ice and snow the radiances can ler e@duced or increased for channel 5.
Generally they are reduced in the tropics and increasedeirexktratropics, which is likely due to the
scattering of ice, snow and/or rain being the dominant mashain the tropics and cloud emission
dominating in the extra-tropics. The strong positive stgres in the Southern Hemisphere correspond
to areas of cloud liquid water with low amounts of rain, icesnow. Water has less impact on channels 6
and 7 (see the difference in scale for different channelgurdl1) and it is the negative signatures which
dominate. Maps of AMSU-A first guess departures in the ckgasream for one cycle of the ECMWF
operational system also show broadly similar patterns|ated in figurel3for NOAA-18 channels 5 -

6 and NOAA-19 channel 7 in the same assimilation cycle as shinigure11. For channel 5 we can
see some negative scattering signatures in the tropicsamne positive signatures in the extra-tropics,
very similar to those for the simulat@@_g — Tg_clear, Shown in figurell. However there is also some
additional noise in the clear-sky first guess departurasyslin figurel3. For channels 6 and 7 the effect
of cloud, rain, ice and snow are less obvious but this may lgetduhe smaller effects that we expect
to see in these channels (see the scale of simuld@ied| — Ts_cear) in figure 13). It appears that the
instrument noise and/or background errors are dominatiaditst guess departures for channels 6 and
7. Nevertheless some scattering signatures in the tropitde seen for channel 6.

In the current assimilation of AMSU-A we first screen for dleaffected radiances and then use the
remaining data in the clear-sky stream of the ECMWF assiioilasystem. The aim of this part of the
study is to continue using AMSU-A in the clear-sky stream touticcount for forward model errors
in the presence of liquid cloud, which mainly change theaadés by the mechanisms of emission
and absorption, with an increased observation error. Wedailthis for data over ocean, since we
can calculate a liquid water path over ocean, but not for lansea-ice. To model the effect of liquid
cloud on observation errors, we calculated an empiricakfitveen the standard deviation of first guess
departures and the liquid water path calculated from AMSWiAdow channels. The AMSU-A liquid
water path is calculated following the method 6f nd is an estimation for the cloud liquid water. The
first guess departures before cloud screening were used raxyafpr the observation errors. In this
case we assume that errors due to cloud dominate over thsigitgigrrors in the first guess departures
(which is reasonable given the low emissivity error caltedafor ocean in sectiof.2.1).

Figure14 shows the standard deviation of first guess departures atdi of binned AMSU-A liquid
water path (blue triangles) for channels 5 - 7, averaged bvaonth of data. The different points in
these figures indicate values for different satellites dmedstandard deviation of first guess departures
are calculated for liquid water paths binned in interval®.066 kg/nf. We also calculated the simulated
(Te_an — TB_C|ear)2 from simulated first guess radiances in the allsky streBm,() and clearsky stream
(Te_clear) for NOAA-19 AMSU-A. These we combined with a constant ndisen (of 0.25 for channel

5 and 0.2 for channels 6 and 7) in order to more easily compaia to first guess departures and they
are plotted as a function of liquid water path calculatednfieimulated AMSU-A allsky radiances as the
red dashed lines in figurkd. This figure shows an increase in clear-sky first guess dagartvith cloud

liquid water, which is approximately similar to the increas simulated Tg_a — TB_dear)z.

Based on these plots we decided to model the cloud obsamnetior term as a quadratic for channels 5
and 6 and as a linear fit for channel 7. We did this for eachriffesatellite and then took values which
gave the steepest slope. The resulting regressions were:

channel 5:

Ocloud = 2.0lwp? + 0.79wp, 7)
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Figure 11: Difference in simulated radiances calculatedngsthe all-sky radiative transfer equationsg(g
calculated with RTTOMSCATT) and clear-sky radiative transfer equationg I, calculated with RTTOV) for
AMSU-A channels 5, 6, 7 (top-to-bottom)
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channel 6:
Ocloud = 0.54wp? + 0.30lwp, (8)

channel 7:
Ocloud = 0.20lwp. 9)

These best fits are shown in figutd as the dashed black line, with an additional noise term @& &2
for channel 5 and 0.20 K for channels 6 and 7.

The background departures used for these fits include allatat so will be affected by scattering of ice,
show, and rain as well as the absorption/emission effedligfl water. The ice, snow and rain water
paths are likely to be correlated to the liquid water path smdhay be affecting the best fitg) (- (9) for
the different channels. The could explain the dependenbaakground departures on liquid water path
for channels 6 and 7 since for these channels the radianeesainly affected by the scattering of rain,
ice and snow rather than the emission/absorption sigreatfreloud liquid water.

The approach used here to develop a liquid water path-depeadn observation errors is an empirical
one. However it might be possible to apply a more physicahouit such as the one applied for the

emissivity errors. The advantage of applying an empiricathod is that we avoid problems due to

approximations and assumptions in the physical approathhbudisadvantage could be that we are
over-fitting to data which is affected by scattering, emisgierrors, first guess errors, etc. as well as the
liquid water path. In the future it could be interesting tpdrmore physical approach, and test both with
assimilation trials.

4.3 Noiseterm

Constant noise terms were calculated for each satellitecaistercepts while performing the regressions
for the cloud term and for the surface term described in @esd.2.1and4.2.2 These values were
different for each satellite/channel combination, as welai@xpect, but we decided to use a constant
term for each channel, which we chose to be the highest neise tin the future we could reduce the
AMSU-A observation errors for some satellites. We chosddliewing values:

channel 5:

on = 0.25K,
channels 6 and 7:
on = 0.20K.

This keeps the same noise term for channels 6 and 7, as aeattyised, and reduces the noise value
for channel 5 from 0.28 K to 0.25 K. However we now also haveitamal surface and cloud terms for
all three channels.

4.4 Cloud quality control over ocean

Currently AMSU-A channel 5 - 8 data are filtered for cloud @mination before being assimilated in
the clear-sky stream. The liquid water path is used for singechannels 5 and 6 over ocean - data are
not used if values exceed 0.30 kg/mThere is also a window channel check where if the first guess
departures of the 50.3 GHz channel (channel 3) over oceahiginer than 3 K (absolute values) we
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assume cloud contamination and remove channels 5 - 7 andi@h@irin the tropics (latitude< 30°).
Now that the observation errors increase with liquid watghpve may be able to remove this window
channel check and thus introduce more data, which would bedeighted by the liquid water path
term. However we still want to filter for strong scatterindeefs since this is not accounted for in the
observation error and in any case strong scattering woutddace local biases. In order to do this
we envisage using the scatter index, which is calculatetiesadiances of channel 1 (23 GHz) minus
channel 15 (89 GHz). To choose the scatter index thresholgletted the first guess departures of
channel 5 as a function of the scatter index. Essentially wstwo remove all strongly negative first
guess departures which are indicative of scattering. Brsiown in figurel5for channels 5 and 6 (data
from all satellites combined).

AMSU-A channel 5 AMSU-A channel 6
T T T
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Figure 15: Clear-sky first guess departures as a functiorcafter index for left) channel 5 and right) channel 6

From figure1l5 we selected two possible thresholds where data are kegtr ddha scatter index -

45 K or a scatter index: -30 K. These two thresholds are plotted in the figure as blackrad lines
respectively. Note that these thresholds will also remata th areas of high snow, ice and rain water
paths. We decided to test both threshold possibilities sim@kation trials.

We also want to be sure that this scatter index thresholdeptsws from introducing strong local biases
when we relax the first guess cloud check. FiglBshows the mean first guess departures for channels 5
and 6 for different latitudes, before and after the scattgex < -30 K and scatter index -45 K checks.

We can see from this that before filtering we have a strongfjatiee bias for channel 5 in the tropics
due to scattering and a smaller positive bias in the exjatsodue to cloud water emission. The scatter
index check at -30 K reduces the negative bias in the tropiud,it is even more reduced for the scatter
index check at -45 K. The positive bias for channel 5 in theagsdpics is not affected however. The
residual biases for channel 5 after the scatter index chegkd estill have a negative effect on forecast
accuracy, but this can be tested with the assimilationstrial

45 Assimilation Trials

In order to test the new observation errors we performed aoeurof different assimilation trials, each

for a period of two months or more. Firstly we tested the neseoation errors in the ECMWF data
assimilation system without any change to the screeninghfdSU-A channels 5 - 8. Secondly, we

investigated adding more data in difficult areas where afagien errors are higher, with the hope that
the new observation errors would downweight these datacéh suway that it still provides valuable

atmospheric temperature information but that the problientise forward model are not aliased into the
analysis. We have attempted to add more data in cloudy regmrer high topography and over the
Southern Hemisphere sea-ice (channel 5). The assimili#ads were as follows:
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Figure 16: mean (o - b) of NOAA-19 AMSU-A channel 5 (top) arahctel 6 (bottom) averaged over a month for
different latitudes for: left) all data, middle) all datatired for scatter index -45 K, right) all data filtered for
scatter index< -30 K

Control: ECMWF data assimilation and forecasting modehwib change to the AMSU-A obser-
vation errors

New observation errors: Same as control but with new observarrors for AMSU-A channels
5-7

New observation errors + sea-ice: Same as ‘New observationsebut with channel 5 data
introduced over sea-ice in the Southern Hemisphere (itri®otly blacklisted here)

New observation errors + high orography: Same as ‘New ohferv errors’ but with orogra-
phy screening removed over high topography. Instead amadigm error screening was applied
which removed all data for channel 5 with observation eredreve 0.35 K and channel 6 with
observation errors above 0.28 K. Note that since the sutfaspace transmittance is higher over
high orography the observation errors will also be highehése areas.

New observation errors + cloud 30: Same as ‘New observatians2 but with the cloud screening
changed over ocean. The window channel check was removerkpladed with a scatter index
check for channels 5 - 7 and channel 8 in the tropics (latitBf8), where data were not used if
the scatter index was above -30 K. The liquid water path clhexkkept so that only data with the
liquid water path less than 0.3 kgfrvas used for channels 5 and 6.

New observation errors + cloud 45: Same as ‘New observatianset cloud 30’ but with a tighter
scatter index check at -45 K.
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Trials were all run at a horizontal resolution of T5£1 40 km) and with 137 model levels in the vertical
and they were run in some cases for the 40R2 version of the EEMidtel and in some cases for 40R1
with some contributions to 40R2. These two versions havg tadhnical differences and in any case
two controls were run for each model and each experiment aragared with its corresponding control.
In all cases both winter and summer experiments were runerpéniods June - September 2013 and
December - February 2014 (each 2 - 3 months), except for ‘Nesemation errors + sea-ice’ where
only a 3 month Southern Hemisphere winter experiment wasimeed because there is more Southern
Hemisphere sea-ice in this season.

4.6 Results
4.6.1 New observation errors with no change in screening

The new observation errors are shown for MetOp-B AMSU-A cleda 5 - 7, for the first cycle of the
summer ‘New observation errors’ experiment, used data ofthe highest values are for areas of high
liquid water path in the Southern Hemisphere. These ares avhare the data pass the first guess check
on channel 3: other areas of high liquid water path in theitgogo not pass this screening. For channel 5
we can see that the observation error is higher in the cehthe swath, where angles are closer to nadir,
so that more weight is now given to the edge of the scanlind$ess weight to the scanline centres. This
is because the surface-to-space transmittancs) is higher for observation angles closer to nadir. This
variation of observation error across the swath is smaltfamnels 6 and 7 since they have less overall
sensitivity to the surface. For these channels the liquittwgath errors dominate the surface errors.

The new observation errors on average gave more weight iarthlysis to channel 5 and slightly less
weight to channels 6 and 7, since the standard deviationadysia departures were reduced for channel 5
and increased for channels 6 and 7 when compared to the torttmincrease for channels 6 and 7 was
to be expected since we chose not to reduce the noise valoalguadded new terms to the observation
errors. However in the future we plan to revisit the noisenteeducing it for different instruments.

The new observation errors overall did not change forecases significantly: as an example the change
in forecast scores for geopotential at 500hPa and temperatll 000hPa are given in figut8. Depar-
ture statistics of other satellite instruments and radides were also mainly unchanged, with the excep-
tion of a slight increase in standard deviation of first gudszartures of ATMS channel 8 in the summer
experiment (equivalent to AMSU-A channel 7). This can bensadigure 19 which shows the change
in standard deviation of ATMS background departures forsginamer and winter experiments. Note
that values for ATMS channels 6 - 8 and 18 - 22 are only averaged ocean since in this version of
the ECMWEF forecasting system ATMS is only assimilated overam for these channels. The increase
in the standard deviation of (o - b) for channel 8 could be duth¢ observation errors for AMSU-A
channels 6 and 7 now being slightly too large for some instniso that the analysis does not pull as
closely to the observations for AMSU-A (and thus AMSU-AdIRTMS). However the increase is very
small.

4.6.2 Introducing channel 5 data over Southern Hemispheseice

Introducing channel 5 over the Southern Hemisphere sepramuced a 6 % increase in used data for
this channel over the period 15 June - 14 September 2013. Eaa wbservation error for channel 5
over sea-ice was 0.29 K, varying from 0.26 K at the edge of thaline to 0.34 K close to nadir.
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Figure 17: Map of the MetOp-B AMSU-A observation errors foe first cycle of the ‘New observation errors’
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Figure 18: Difference in the root mean square geopotentisd¢ast minus analysis (top) and the root mean square
temperature forecast minus analysis (bottom) between ‘@bservation Error’ experiment and the control as a
function of forecast day. Results are verified against ovalyais and are averaged over the Southern Hemisphere
extratropics (left), tropics (centre) and Northern Henfispe extratropics (right) at 500hPa over 6 months and
both seasons.
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Figure 19: Change in the standard deviation of backgroungdadttures for ATMS for left) the June - August 2
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The change in root mean square temperature and geopotieméahsts minus analysis averaged over
the Southern Hemisphere are shown in figBéebut the scores for the other variables look similar.
Shorter range forecast scores (days 1 - 4) were either ugetanr the differences were not statistically
significant. However there were some negative impacts ar&00hPa at longer ranges (days 6 - 10).
Maps of the 500 hPa temperature forecast scores (not shaodichted that the long-range degradation
of temperature scores came from the Southern Hemispheas.oce
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Figure 20: Change in root mean square temperature (left) gadpotential (right) forecast minus analysis over
the Southern Hemisphere between New Observation Erroriexpet + sea-ice (summer 40r1) and the control.
Values are shown as a function of forecast day and at 1000 hBatheights.

The fits of observations to the 12-hour forecast were impitdoesome instrument/channel combinations
and degraded for others, as shown in figete HIRS channels 6 and 14 were improved by 0.1 and 0.5
% respectively over the Southern Hemisphere, and thesewrpdaking Infra-Red sounding channels
sensitive to atmospheric temperature which are used dyoliatiuding over sea-ice. However there
was also a statistically significant degradation in the [ityniTEMP radiosonde standard deviation of
background departures of 2% over the Southern Hemisphdrthammicrowave humidity sounder MHS
showed a slight, statistically significant, degradationit® lowest peaking channel, channel 5, over the
Southern Hemisphere of around 0.1 %. Since this MHS chasmaltiused over sea-ice this degradation
comes from the Southern Hemisphere ocean.

The new data added over sea-ice had a high bias in some casdE)AA-19, MetOp-A and MetOp-B
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Figure 21: Percentage change in departure statistics oher $outhern Hemisphere extra-tropics(x-axis) of the
(left-to right) HIRS instrument, MHS instrument and the TEERUmidity radiosondes as a function of channel

number (y axis) for the ‘New observation errors + sea-icefing control experiments. Values are averaged over 3
months of experimentation. Negative values indicate aataolu in standard deviation of background departures

when new observation errors are used and channel 5 datarisduted over the Southern Hemisphere sea-ice.

the mean background departures after bias correction wpereximately 0.1 - 0.15 K, which is 5 times
higher than the typical bias over land and 10 times highan theer ocean. To illustrate this, figug2
shows the mean background departures for MetOp-B chanaeh®iithly average after bias correction).
As a result of the new data the mean temperature analysi®at-850 hPa was changed over sea-ice by
up to 0.1 K and the mean humidity by up to 0.3 % at 850 hPa. Tkisas/n in figure23. The introduction

of biased data over sea-ice in the Southern Hemisphere avié b higher impact on the analysis than in
another part of the Globe, since the background errors gheehimaking the analysis less constrained by
the background, and we also have less radiosonde data twaioribe analysis and anchor the radiance
bias corrections here. It is therefore likely that the ddgtin in the long-range forecast scores, and the
degradation in departure statistics for MHS and radiossndee due to the introduction of data in the
South Pole which are biased relative to the model.
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Figure 22: Map of the mean background departure for MetOpMBSAJ-A channel 5 for the ‘New Observation Er-
ror experiment + sea-ice’ experiment. Values are after lsiasection and averaged over 1 month from 15/08/2013
- 14/9/2013 (the second month of experimentation).
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a T+0; 850hPa b 1+12; 850hPa

Difference in time—mean field [K]

C T+0; 850hPa d 1+12;850hPa

Difference in time—mean field [%]

Figure 23: Map of the change in mean 850hPa temperature @op)humidity (bottom) analysis at O hour (left)
and 12 hours from the start of the assimilation window betwtee ‘New Observation Error experiment + sea-ice’
experiment and the control.(Note the difference in scale).
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4.6.3 Introducing channel 5 and 6 data over high orography

Figure 24 shows areas where data were added in the ‘New observatiors erihigh orography’ exper-
iment for MetOp-B channels 5 and 6 (MetOp-B is given as an gtarbut there are similar plots for
all AMSU-A instruments). The total number of used data iased by 4% for AMSU-A channel 5 and
1.5% for AMSU-A channel 6. Note that some channel 5 data wemeowed over the Southern Hemi-
sphere ocean in the June - September period due to the ofimergeror check which was introduced
globally and removed data in areas of high liquid water paiting this period. The number of used data
for AMSU-A channel 5 was reduced by 1.5 % over the Southernikigmere extra-tropics in this period.
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Figure 24: Map of the change in number of used data for MetOpMEBU-A channel 5 observation errors between
the ‘New observation errors + high orography’ and contropeximents. Red areas show an increase in used data

and green areas a reduction.

The introduction of the new data reduced the mean analysigdeature at 500hPa over Greenland by up
to 0.05 K, as shown in figure5. The mean analysis was not affected over other areas of higfnaphy.

a T+0; 500hPa b T+12; 500hPa

Difference in time—mean field [K]

Figure 25: Map of the change in mean 500hPa temperature aight Oh (left) and 12h (right) between the ‘New
Observation Error + high orography’ experiment and the aoht

The effect of introducing new data over high orography oredast scores is shown in figueé for
temperature at 1000hPa and geopotential height at 500hhRhddecember 2013 - February 2014
period. The change in forecast scores was neutral whengaeiglobally for the June - August 2013
period. As figure26 shows, for the December 2013 - February 2014 period the Saoeee mainly
neutral but there was some degradation in the temperatareviand forecast scores over the tropics at
500hPa. Maps of these forecast scores show that the areaseghtve impact are over the ocean, as
shown in figure27 (right). For comparison the same plot is shown for the ‘News@tation Error’
experiment (left). Note that the scale is different for eptiit. The negative impact over the tropical
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ocean at longer ranges could be propagated from forecast ever high orography at shorter ranges
(e.g. days 1 - 3) but it is difficult to make this link when loongiat maps of forecast scores, particularly
in scores verified against own analysis which can be affdayedariable analyses in the shorter ranges
when there is additional data. Departure statistics foerm#atellite instruments were mainly neutral.

Temperature radiosonde globally averaged departures mwieesl: in June - August period they were

somewhat improved around 1000hPa (near the surface) faXIREP observations but were degraded
at around 400hPa for the TEMP radiosondes. In the Decembadsrubry period some of the departure
statistics for wind radiosondes were improved and all athezre neutral.
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Figure 26: Difference in the root mean square 500hPa geapt@kEforecast minus analysis (top) and the root

mean square 500hPa and 1000hPa temperature forecast mirakgsis (middle and bottom respectively) between
‘New Observation Error + high orography’ experiment and ttantrol, as a function of forecast day. Results are
verified against own analysis and are averaged over the ®ontHemisphere extratropics (left), tropics (centre)

and Northern Hemisphere extratropics (right) at 500hPardvenonths in the combining the 15 June - 14 August
2013 and December 2013 - February 2014 periods.

To focus on the impact over high orography we calculated tamge in radiosonde standard deviation
of (o - b) over areas of high orography where new data weredotted. These are shown in figu2s-

29. On the whole the changes in standard deviation of backgrdepartures for radiosondes over high
orography were not statistically significant, as indicaigdhe errors bars in figurez8 - 29.
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Figure 27: Left) Difference in the root mean square 500hRagerature forecast minus analysis between ‘New
Observation Error’ experiment (summer 40r1) and the cdrfoday 4 forecasts. Right) Same as left but for the
‘New Observation Error + sea-ice’ experiment
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Figure 28: Change in the standard deviation of backgrounpadtures for radiosondes over high orography for
Temperature, shown as exp/control in %. Values averagedr®nths for December 2013 - February 2014.
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Figure 29: Change in the standard deviation of backgrounpadtures for radiosondes over high orography for
left-to-right u wind component and v wind component, shosvexg/control in %. Values averaged over 3 months
for December 2013 - February 2014.
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4.6.4 Introducing data in cloudy conditions

Two experiments were run with a modified cloud screening @osran for AMSU-A channels 5 - 8,
on top of the new observation errors. The first guess checkanrel 3 over ocean was removed and
replaced by, in the first instance, a scatter index check @k-3'New observation errors + cloud 30’
experiment), and in the second instance a scatter indek cfied5 K (‘New observation errors + cloud
45’ experiment), which removes more data in the tropics.ré&hly results of the -45 K scatter index
check experiment are only available for the period of Decam2013 - February 2014.

As a result of the change in screening the total number of Ad8U-A data increased by 13 % for
channels 5 - 7 and 3 % for channel 8 for the ‘New observatioarer# cloud 30" experiment, with
respect to the control. For the ‘New observation errors Hiald5’ experiment the total number of used
AMSU-A data increased by 8 - 9 % for channels 5 - 7 and appraeiyn®.5 % for channel 8. However
in the tropics the number of used data was reduced by 2 - 3 %h&orrels 5 - 8 for this experiment. This
is shown in figure30.
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Figure 30: Map of the change in the number of used data for MeBOAMSU-A channel 5 between the ‘New
observation errors + cloud 45’ and control.

The first guess departures were mainly unchanged with thedimttion of new data, with the exception
of ATMS. For the summer ‘New observation errors + cloud 3@eriment there was a reduction in the
standard deviation of observation fit to 12-hour forecastAbMS channels 6 - 8, as shown in figure
31 This is encouraging since ATMS has channels of the samedrary as AMSU-A but there was

no change to either the observation errors or cloud scrgdaimATMS. So it appears that the new data
introduced agrees well with the non-cloudy ATMS data aneiisforcing it. There was also a reduction
in ATMS standard deviation of (o - b) for the ‘New observatierrors + cloud 45’ but this was not

statistically significant (see figul right).

Results of the change in forecast scores are shown in fiRifer both the ‘New observation errors +
cloud 45’ minus control and ‘New observation errors + clo@dr8inus control. The ‘New observation
errors + cloud 30’ experiment had a neutral impact on foitesases in most cases. There was a negative
impact on geopotential in the tropics but it is hard to relytlua because since geopotential height is very
homogeneous in the tropics, changes in the geopotentitdst scores here are often due to a change in
the mean analysis value in the tropics rather than an impreweor degradation in forecast skill.

The ‘New observation errors + cloud 45’ experiment produaadmprovement in the area averages
of root mean square forecast scores, particularly for thet®on Hemisphere geopotential as shown
in figures32 (top) and33 (top). The only negative impact was observed on the shagedaemperature
forecasts in the Southern Hemisphere ocean, which is shofiguire32 (bottom). This signature persists
to the day 2 forecasts and there are traces of it in the daye8dsts and can be observed to come from
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Figure 31: Percentage change in the standard deviation sf §iuess departures of ATMS for the New observation
errors + cloud experiments, normalised to the control. Ték shows values for the summer ‘New observation
errors + cloud 30’ experiment and the right shows the winteperiment for ‘New observation errors + cloud
30’ (red) and ‘New observation errors + cloud 45’ (black). téahat results are not yet available for the ‘New
observation errors + cloud 45’ summer experiment.

the Southern ocean as shown in fig@&(bottom) for the ‘New observation errors + cloud 45’. This
degradation of short-range temperature forecasts coudd®o the introduction of warm-biased data for
channel 5 over the Southern Hemisphere extra-tropics wdffelats either the temperature forecasts or
the temperature analysis or both. The scatter index cheeksfiior cold-biased (scattering-affected) data
but not the warm-biased data of channel 5 (see fid6je These data have changed the mean analysis,
as shown in figur&4, and could also have changed the forecasts and/or the Nigyial the analysis,
either of which would cause the degradation of the forecastes seen in figur83 (bottom). If this
degradation comes from a more variable analysis this isex#ssarily a bad thing. A degradation is not
observed in ATMS departure statistics in this area, as shiofigure 35, which indicates that at least the
short-range temperature forecasts are not degraded. leowiexe we cannot be sure, it would still be
desirable not to have a degradation in the forecast scotbsafurther investigation is needed. Future
work could investigate which channel’'s data produce theravgments in day 3 geopotential forecast
and the degradation in day 1 1000hPa temperature foretastay be that the degradation is due to the
introduction of channel 5 data, and the improvements dubdaritroduction of channels 6 - 8 data. It
could also be beneficial to keep a window channel check, st feachannel 5, in order to screen some
of the most strongly warm-biased data in the Southern Hereigpextra-tropics.

4.7 Conclusions

New observation errors were developed for channels 5 - 7 oSAM, containing a noise term, an

emissivity term and a cloud term. These new observatiorrewere tested in a number of assimilation

trials, and found to have a neutral impact on forecast s@mddits of observations to 12-hour forecasts
using the current operational screening. However the nesrghtions allowed us to test the introduction
of more data over high orography, sea-ice and by relaxinglth&l screening, since these new data would
be downweighted in the analysis by the new observation ®rffine introduction of channel 5 over the

Southern Hemisphere sea-ice produced a negative impaohgrrange forecast scores, possibly due to
introducing data which is biased relative to the model bamkiad, and which the system is consequently
unable to handle in this part of the globe. The introductibnes data over high orography produced a
mainly neutral impact on forecast scores. The relaxing @fctbud screening produced an improvement
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Figure 32: Change in the root mean square forecast minusyaigmbetween the cloud experiments and control.
Values are shown as a function of forecast day for the geopiatgtop) and temperature (bottom) averaged
over all data in the winter period (3 months) for the Southelemisphere extratropics, tropics and Northern
Hemisphere extratropics (left to right). The black line wlsdNew observation errors + cloud 45’ - 'control’ and
the red lines ‘New observation errors + cloud 30’ - 'contralhd negative values show an improvement relative to
the control and the error bars indicate a 95 % confidence weér
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Figure 33: Change in root mean square forecast minus anslysiween the ‘New observation errors + cloud 45’

experiment and control for the winter period (3 months) uéalare shown for geopotential (top) and temperature
(bottom) on days 1 (left) and 3 (right). Blue areas show anrgwpment relative to the control experiment and red
show a degradation.

34 Research Report No. 34



HIRS impact, ATMS over land and sea-ice, AMSU-A observagamrs ECMWF

a T+0; 850hPa b T+12; 850hPa

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
Difference in time—mean field [K]

Figure 34: Change in the mean temperature analysis at the ated end of the assimilation window (Oh and 12h)
at 850hPa (top) and 1000hPa (bottom) between the ‘New observerrors + cloud 45’ experiment and control.
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Figure 35: Change in the standard deviation of ATMS backgdepartures between the ‘New observation errors
+ cloud 45’ and ‘New observation errors’ experiments.
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in the fit of 12-hour forecasts to ATMS, and an improvementha forecast scores for geopotential
height in the extra-tropics, which was encouraging. Theseevgome negative impacts observed in the
short-range temperature forecasts over the southern oeddch may be due to a degradation in the
short-range temperature forecasts or the result of morabitty in the analysis due to the introduction
of new data.

Future work could test relaxing the cloud screening indigit)y for channels 5 - 8, to investigate which

channels are impacting the improved geopotential scord®adegradations in the short-range temper-
ature scores. The orography screening could also be refaxéndr to see whether a positive impact
could be obtained.
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