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1 Executivesummary

This report summarises work towards enhancing the usagatelfi,e observations from microwave sounders
in the ECMWEF system over surfaces which are particularlfatift to model, such as land, high orography and
seaice.

We have investigated the active assimilation over land @fholel 5 radiances of the Microwave Humidity
Sounder (MHS). Channel 5 is sensitive to low-level humidigyit is the lowest-peaking of the MHS channels
in the 183 GHz water vapour band. Before this study, MHS cbbBwas assimilated at ECMWF only over
sea, due to uncertainties in the estimated surface emis3iba implementation of the dynamic retrieval of
land surface emissivities has led to a better representafionodel-estimated brightness temperatures over
land compared to the previous static scheme, providing d gasis for the exploitation of additional surface-
sensitive measurements.

Assimilation experiments during the AMMA period show thia¢ tactive assimilation of channel 5 has a sys-
tematic impact on the mean moisture analysis, particulawsr South America, Central and Western Africa
and South/West Asia. The effect on the total column wateouapT CWV) analysis has been validated in dif-
ferent years against independent GPS measurements fremdgstations, and it is shown to be in most cases
significant both in terms of correlation and mean TCWV over &xperiment period. This is a noteworthy
result provided by the assimilation of a single additior@lreding channel. Furthermore, the assimilation of
channel 5 over land improves the fit to other MHS observataready present in the system which provides
an indication of an improved short-term forecast.

Results of assimilation experiments show that the use of Mktnel 5 over land has a neutral to positive
impact on the forecast of temperature and humidity. As tesfuthese studies, MHS channel 5 is actively
assimilated over land at ECMWF since 19 June 2012 (CY38R1).

Additionally to the assimilation of an extra surface-séwsichannel, in the second part of the report a new
screening criterion has been tested to screen out radidrsezvations with too large a contribution from the
surface. The new criterion replaces the screening for higlgraphy currently used for the Advanced Mi-
crowave Sounding Unit-A (AMSU-A) channel 5 and 6, and MHSruoied 3 and 4, and it is used in our exper-
iments also for MHS channel 5. Surface-sensitive obsematare rejected over high orography because of a
too large surface contribution to the observed radiatiorsdme cases, high orography is particularly difficult
to model due to large inhomogeneity of the observed field @fvviHowever the dynamic estimation of emis-
sivities from observations makes this issue less severghéfmore, the current orography screening rejects
the observations irrespectively of the instrument scaheaangd does not take into account the fact that the ones
at outer scan positions are less sensitive to the surfacegagmospheric path increases away from nadir).

The new screening criterion is based mrihe transmittance from the surface to space. A singlelibidshas
been used globally for each of the 5 relevant AMSU-A and MH$ase-sensitive channels. These thresholds
have been estimated from statistics of departures of obseng from model estimates. Thethresholds
allow a more homogeneous coverage of the microwave sousdifigce-sensitive channels with a considerable
additional number of observations assimilated in pardicalt outer scan positions (as those observations are
less sensitive to the surface than the ones near nadir).

Results of assimilation experiments suggest that a unitpagthreshold per channel might not work well to
screen out observations which are difficult to model whilduding the ones that are useful to constrain the
analysis. We suggest as alternative to the current scrgefisurface-sensitive observations from microwave
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sounders, the use of an observation error which would takeaocount surface characteristics such as skin
temperature and emissivity errors. Currently a unique evgdar channel is used globally to represent the
observation error for AMSU-A and MHS.

In the last part of the report, we investigate an extensicdh®fise of MHS data, namely over sea ice surfaces.
MHS observations are currently assimilated operationatily over surfaces with skin temperatur& > 278

K and over low orography. The constraint on the skin tempegateans that there is no humidity sounding
coverage in most of the areas of the Globe with latitudeslattgan+60 deg which include sea ice. As for the
assimilation of microwave sounder data over land, the dynaetrieval of emissivities provides a good basis
for the use of MHS sounding also over sea ice.

We have tested three ways of retrieving the emissivities sea ice for the simulation of the actively assimi-
lated MHS measurements. This has allowed the assimilafianconsiderable amount of humidity sounding
observations in data sparse areas of the Globe. Retriemiggities at 157 GHz and using them (without any
correction) for the water vapour channels has caused aiofggovement to the fit of MHS channel 3 and 4
observations both in the Northern and Southern Hemisphenghermore, removing the current skin temper-
ature constrain on the assimilation of MHS measurements smae has allowed a great number of additional
observations to be used over sea at high latitudes.

Results of assimilation experiments are encouraging wsvarmore extensive exploitation of MHS observa-
tions over sea and sea ice (they are extremely positive #ofdtecast of the temperature, geopotential and
winds in the Southern Hemisphere), though they show thattlditional data are introducing small biases
which gradually corrupt slightly the first-guess in the Nertn Hemisphere. In particular we have to recon-
sider relaxing the usage of MHS channel 5 measurements egeasthose observations in dry atmospheric
conditions are considerably sensitive to the surface ahdalb modelled.

The structure of the report is as follows. First we preseamtéisults on the active assimilation over land of MHS
channel 5, we then discuss the screening of microwave sowudiace-sensitive channels by transmittance,
and subsequently we allow for the assimilation of water uamdservations over cold sea and sea ice. Final
remarks follow at the end of the report.

2 Active assimilation of AMSU-B/MHS channel 5 over land

We have investigated the active assimilation over land @fhokel 5 radiances of the Microwave Humidity
Sounder (MHS). This instrument is on-board three sats|litmmely NOAA-18, NOAA-19 and MetOp-A.
Channel 5 is sensitive to low-level humidity as it is the |letvpeaking of the MHS channels in the 183 GHz
water vapour band. This channel is currently assimilatdeiGIMWF only over sea, due to uncertainties in the
estimated surface emission. Emissivities for the simoatif microwave sounder radiances are calculated at
ECMWEF using a dynamic retrieval scheme, based on re-amgribie radiative transfer equation for window
channel observations and using the ECMWF model backgroeidi (arbou et al. 2005). The implementa-
tion of the dynamic retrieval of land surface emissivities ted to a better representation of model-estimated
brightness temperatures over land (Bormann et al. 2009paoed to the previous static scheme, providing a
good basis for the exploitation of additional surface-gmesmeasurements, such as MHS channel 5.

The work in this section follows the one done by Fatima KarabMeteo-France (Karbou et al. 2010) where
channel 5 is already actively assimilated over sea, lowragy (less than 1000 m) and low latitudes (between
+55 deg).
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Figure 1: Mean TCWV analysis differences between the “channel 5 eR@&® and the “ctl exp(2006)” irkg/n?.
Contour lines represent mean TCWV analysis in the contrpédrment. The red dots indicate the locations of AMMA
stations in Central Africa and IGS stations around the Globe
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2.1 Assimilation experiment setup

We have initially run assimilation experiments with actA®ISU-B/MHS channel 5 observations over land in
two summer periods from July to September in 2006 and 2016g tise ECMWF 4D-Var assimilation system

at a T511 resolution. Emissivities for channel 5 over lareddymamically calculated from channel 1 (89 GHz).
In order to test the assimilation of MHS channel 5 for an opp@nal implementetion in the next ECMWF cycle

upgrade (CY38R1), experiments were run in a second stagéretise winter (January to March) and summer
(June to August) period of 2011 together with some fixes t@#ienation of emissivities (see Appendix).

In the “channel 5 exp (2006)” channel 5 is assimilated ovaiesal low orography (less than 800 m), while in the
“ctl exp (2006)” channel 5 is assimilated only over sea. Botheriments reject MHS observations where the
skin temperature is lower than 278 k, and were run with théiaddl assimilation of MERIS data (which were
not active in 2006 in the ECMWF system). Experiments wereimthe 2006 period to be able to validate the
results against GPS measurements from the African Monsadtidigciplinary Analysis (AMMA) campaign
(Bock et al. 2008). Also GPS measurements from the IGS né&t{@ow 2009) were used for the validation of
changes in the humidity field. The experiments run in the 2@ 2011 periods, namely the “channel 5 exp
(2010)” and “channel 5 exp (2011)", have the same settingstiannel 5 as the 2006 experiments, but use a
different observational system (for example they includeassimilation of MetOp-A and NOAA-19).

The results of the above experiments are given in the netibsed hey are quite consistent among the different
experiments so, for convenience, we will focus on the asgett can be found in all the experiments.

2.2 Results
2.2.1 Departure statistics

The assimilation of AMSU-B/MHS channel 5 over land has avai impact on the mean humidity analysis in
all the experiments. Figurkeshows the mean total column water vapour (TCWYV) analysferdinces between
the “channel 5 exp (2006)” and the “ctl exp(2006)” averageer @ month. These differences are a few percent
of the total TCWV value, and affect mainly the Tropical ragio
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Figure2: Correlation (a) and average differences (b) between therarpnt analysis in the “channel 5 exp (2006)” (blue
asterisks) and in the “ctl exp (2006)” (black circles) versine GPS TCWYV at six AMMA stations (Djougou (Benin),
Niamey (Niger), Gao (Mali), Tamale (Ghana), OuagadougaurkB®a Faso), Tombouctou (Mali)), and at the Gabon IGS
station.
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Figure3: TCWV diurnal cycle at Gabon station for the “channel 5 expd@)0 (green circles), the “ctl exp (2006)” (blue
circles), and GPS measurements (red pluses).

Similar differences are also seen for the experiments rithar2010 and 2011 period. We have investigated
whether these changes agree with the information provigatidindependent GPS observations available in
2006. Figure2a shows the correlation over time between the experimenyssg‘channel 5 exp (2006)”
(blue asterisks) and “ctl exp (2006)” (black circles)) ahd GPS TCWYV at seven GPS stations, while Figure
2b shows their average differences. The effect of MHS chabiel the TCWV is significant both in terms of
correlation and mean TCWYV at a few stations. We have idedtdi® IGS station in Central Africa, in Gabon,
where there is a relevant impact on the mean humidity arsal{®e have estimated the TCWYV diurnal cycle
for the “channel 5 exp (2006)” and the “ctl exp (2006)” usingalysis and short term forecast fields in the
vicinity of the Gabon station (Figur®. The shift in bias during the whole diurnal cycle in the “ohal 5 exp
(2006)" compared to the “ctl exp (2006)” indicates that tiistematic drying over Central Africa is consistent
with the GPS measurements in Gabon. The diurnal cycle appedre well-represented with or without the
assimilation of the additional channel, in contrast to (ar et al. 2010) who found a flat diurnal cycle for
their control experiment.

The impact of MHS channel 5 on the humidity field has been a#did also in the 2011 period using inde-
pendent GPS observations from stations from the UCAR andn#wed network (Ware et al. 2000). Only a
small number of stations are located in places where ch&nina$ a relevant impact, and for some of them the
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Figure 4: MetOp-A MHS brightness temperature departure statisticghfe “channel 5 exp (2010)” (black) and the “ctl
exp (2010)” (red) for the Northern Hemisphere.
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Figure 5: Radiosonde humidity departure statistics for the “chasretp (2010)” (black) and the “ctl exp (2010)” (red)
for an area of South America. The standard deviations hase bermalised to the control experiments.

validation of “channel 5 exp (2011)” is again positive.

Departure statistics for the assimilated observing systene computed over the three month periods after the
bias correction of satellite radiances. We show here fov@oience only the results related to the 2010 or
2011 experiments, as there were no relevant differencegebatthe different periods. The standard deviation
of the differences between MHS channel 4 observations ardehtmackground (a short term forecast) for
the “channel 5 exp (2010)" (black) and the “ctl exp (2010¢d) are in Figurel. The small increase in the
standard deviation for channel 5 in the “channel 5 exp (20i&Qjue to the additional data over land for which
the estimate for the surface emission is still poorer thah dlier sea. The assimilation of channel 5 improves
the fit to MHS channel 4 observations (there is a small impr®mt in the standard deviation of channel 4
compared to the control experiment). Also the fit to radiaoobservations in an area of South America
(where a relevant impact is observed in the analysis) isityjigmproved in the lower levels: Figureshows

the mean and standard deviation of radiosonde humidityre@isen departures from model estimates in the
“channel 5 exp (2010)” (black) and in the “ctl exp (2010)"d)e

Figure6 shows the fit to TCWV observed by the MERIS sensor on boardeoEtivisat satellite averaged over

Research Report No. 26



CCECMWF ATOVS radiances at ECMWF: second year report

STATISTICS FOR TOTAL COLUMN WATER V FROM FROM ENVISAT/MERIS
MEAN FIRST GUESS DEPARTURE (OBS-FG) (USED)
DATA PERIOD = 2010-12-31 21 - 2011-02-28 21
EXP = FKYS, CHANNEL =1
Min: -7.374 Max: 6.927 Mean: -0.110

] —] - —| o
- s L . b
. 7, e
= e ; s o 270
o \( 5 [ Z " o
- s
& =~ Fal &
RS SO Q \*ﬂ\( ) Lot
; o
i)m sl A N 0%
; p S N 0%
ool el | @l g
s ] s 1o
& 17
ws s
[ A
= | 7
| == é@ﬁ Z
Tow 10w oW sow 50w

Figure 6: MERIS TCWV first-guess departures (kg/n?) for the “channel 5 exp (2011)” over January and February
2011.
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Figure 7: Difference of MERIS TCWV first-guess departureskgyn?) between the “channel 5 exp (2011)” and the “ctl
exp (2011)” over January and February 2011.

2 months of 2011 in the “channel 5 exp (2011)". A similar bis®bserved for MERIS TCWV when MHS
channel 5 is not active over land. The difference of the b&gben the “channel 5 exp (2011)” and the “ctl exp
(2011)” shows however that the assimilation of MHS channeldrices partially the wet bias in Central Africa
(Figure7) as the “channel 5 exp (2011)” first-guess of TCWV in this oggis drier than the “ctl exp (2011)”
first-guess. A greater number of MERIS observations arendlased in the same area of Central Africa when
MHS channel 5 is active over land (Figuse The latter result suggests a better quality of the firgsguover
this area.

2.2.2 Forecast impact

The experiment impact on the forecast has been studiedfferatit variables and forecast ranges and results
were computed for 3 months of assimilation experiments. féhecast impact is neutral in most cases when
channel 5 is assimilated over land, which is consistent withlatively small impact of these observations on
the analysis. Forecast scores are shown in Figfoeforecast of the geopotential in the “channel 5 exp (2011)
in the winter period which includes also the fixes to the eatiom of emissivities described in the Appendix.
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Figure 8: Counts differences for MERIS TCWV observations between“ti@nnel 5 exp (2011)” and the “ctl exp
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Figure9: Normalised differences in the root mean square forecast batween the “channel 5 exp (2011)” (fkys) and
the control experiment (fkvl) for the 0Z forecast of geopuia at different pressure levels. Verification is agaitmg

experiment own-analysis.
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2.3 Conclusions

The active assimilation of MHS channel 5 over land provideg-level humidity information which has been
positively evaluated against independent GPS measursnfemthermore it improves the fit to other observa-
tions already in the system: in particular there is evidesfae better first-guess for MHS channel 4 (a channel
also in the water vapour band, peaking above channel 5). meswities used for the simulation of MHS
radiances are dynamically retrieved from MHS channel 1 (8&)Gand the ECMWF background field. As
result of these studies, MHS channel 5 is now actively assied over land in the latest ECMWF operational
cycle (CY38R1).

3 Transmittance screening

Observations with a relevant contribution from the surfaoe not currently assimilated in the ECMWF op-

erational analysis system due to large uncertainties ineflind accurately the surface emission. Window

channels, i.e. channels where the atmospheric contribttidhe observed radiation is relatively small com-

pared to the surface contribution, are not assimilated ynpant of the globe. Some of them are however used
for quality control purposes (e.g. cloud/rain screening) for calculation of surface emissivities. This is the

case for AMSU-A channel 3 and 4 and MHS channel 1 and 2.

Observations with a minor, but not negligible, surface dbation are subject to an a priori screening over
certain areas of the Earth: in particular troposphericllee¢a are not used over high orography. Figliée
shows the coverage for MHS channel 3 and 4, and AMSU-A chahaeld 6 observations operationally used
to produce the atmospheric analysis. A number of fixed tlmldsh(see Tabl&) are used at ECMWF to reject
a priori data from these channels over high orography. Imebeof the section we will refer to this stage of the
quality control as orography screening. Surface-semsithservations are rejected over high orography because
of a too large surface contribution to the observed radiatim some cases, high orography is particularly
difficult to model due to large inhomogeneity of the obserfiett of view: it is more difficult to specify
accurately the mean characteristics of the observed surtdowever the dynamic estimation of emissivities
from observations (as it is currently done at ECMWF for AM3ldnd MHS) considers the inhomogeneity of
the field of view making this issue less severe.

The current orography screening rejects the observatioespiectively of the instrument scan angle and does
not take into account the fact that the ones at outer scatigusiare less sensitive to the surface (as the
atmospheric path increases away from nadir). The chanaesrrittance from surface to space (namsly
indicates how sensitive the channel is to the surface andehi¢rcan be exploited to screen observations that
are too sensitive.

Table 1: Thresholds on the orography for the screening of AMSU-A and MHS surface-sensitive channels

Sensor | Channel | Latitude | Orography Threshold [m]

AMSU-A | channel 5| extra-Tropics 500
Tropics 1000

channel 6| extra-Tropics 1500

Tropics 2000

MHS channel 3 global 1500
channel 4 global 1000
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Figure 10: Number of MHS channel 3 (top left), channel 4 (top right), &MSU-A channel 5 (bottom left) and channel
6 (bottom right) observations per grid box used in the atrhesp analysis in the control experiment (and similarly
operationally) in January 2011.

Here we review the orography screening including also tkerakstion of MHS channel 5 over land. In the
rest of this section we will refer to AMSU-A channel 5-6 and BRldhannel 3-5 as surface-sensitive channels.
Their transmittance from surface to space varies from ablaionchannel: for example for AMSU-A channel

5 and 6 is respectively 0.12 and 0.02, as calculated by Alaear @ECMWF) for a representative sample of
atmospheric profiles over sea and for close to nadir viewinggess. The transmittance value for MHS sounding
channels varies greatly according to the humidity field.

3.1 Estimation of the screening thresholds

We have used the statistics of observation departures frogehestimates to identify a suitable threshold
to screen the surface-sensitive channels of AMSU-A and MH@ure 11a and12a show binned standard
deviations of first-guess departures for AMSU-A channel & emannel 6 for data over land not rejected by
quality control (i.e. clear-sky data). Observations fdrsabn positions except the three outermost fields of
view have been taken into account in the calculations. Eiglib shows AMSU-A channel 5 counts used for
the binned calculations in Figutela. It can be noted that most channel 5 observations have siitance
value around 0.14.

The figures below show the expected behaviour: standardititevs of first-guess departures increase with
increasing sensitivity to the surface (increasingas errors in the modelling of the surface emission become
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Figure11: (a) Mean values of standard deviations of first-guess deygrfor AMSU-A channel 5in a 0.01 transmittance
bin for clear-sky data over land. (b) AMSU-A channel 5 courged in the calculations of part (a) of this figure.
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Figure 12: Same as for Figurgl but for AMSU-A channel 6.

more relevant (English 2008). A threshold foof 0.15 for channel 5 corresponds to the exclusion of observa
tions with standard deviations of first-guess departureatgr than 0.3 K. This is consistent with the fact that
at ECMWF the observation error for channel 5 is currentlyteéd.28 K. For AMSU-A channel 6, the 0.06
threshold ensures that standard deviations of first-gussartiires stay, on average, below around 0.2, the value
currently used as a (fixed) observation error for channeldie khat we neglect here variations by surface type,
and instead choose global thresholds.

3.2 Assimilation experiment setup

We have run a set of experiments testing different screeoimfgMSU-A and MHS surface-sensitive chan-
nels. In the rest of the section we call control experimeptdkperiment using orography thresholds and
experiments the one using transmittance thresholds.

Here we show the results of two experiments using a 0.06ttblé®n the transmittance for AMSU-A channel
6 and a 0.15 threshold for all the other surface-sensitiegbls (AMSU-A channel 5 and MHS channel 3-5).
The experiments ran with cycle CY37R3 in two seasons: fronudgy to February 2011 and from June to
July 2011. For AMSU-A tha screening has been applied over land only, while for MHS st lbeen applied

everywhere. The screening of MHS data also over sea was teattional and we will have to take this into
account when examining the results of the experiments. $hiendation of MHS channel 5 over land and the
fixes to the estimation of the emissivities, as explaineddoti®n2 and in the Appendix, are also included in
these experiments as in the control experiments. The dawperiments are identical to theexperiments
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Figure 13: Count differences of MHS channel 4 (top left), channel 5 fiigpt), and AMSU-A channel 5 (bottom left)
and channel 6 (bottom right) observations per grid box usede atmospheric analysis in July 7-31 2011 betweert the
experiment and the control experiment.

except for the usage of the thresholds in Tabfer the screening of high orography (a threshold of 800 m is
used globally for MHS channel 5).

3.3 Results

Figurel3shows observation count differences betweerrthed the control experiments in the summer period.
A greater number of observations is on average globallyraksged for AMSU-A channel 5 and 6 and MHS
channel 3 and 4. Observation counts per sensor scan postimm that these additional observations are
assimilated in a greater number at outer scan positions a@d@o central scan positions (see Figli#,
while standard deviation of first guess departures for ofigdals of view remain comparable to their nadir
counterparts. As said earlier, the current orography sangerejects the observations irrespectively of the
instrument scan angle and does not take into account theéhatcthe ones at outer scan positions are less
sensitive to the surface.

There are however regions of the Globe where a decrease iuthber of observations occurs for the lowest
peaking channels: for MHS channel 5 this is the case for AliairArgentina and the sea at about -50 deg lati-
tude in the summer season (when these regions are pattjaditprand the channel’s weighting function peaks

lower in the atmosphere), while for AMSU-A channel 5 a refay small decrease of assimilated observations
occur in some areas over land in the Tropics. In the wintes@ethere is a smaller number of MHS channel 5
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Figure 14: Mean standard deviation of first-guess departures for AMSthannel 5 (left) and channel 6 (right) on
MetOp-A at different scan positions for tireexperiment (flcs) (black) and the control experiment (flcedj. Data
counts are printed along the vertical axis on the right ofgloe for the T experiment (nobsexp) and for the difference
between tha experiment and the control experiment (exp-ref). Trexperiment uses a threshold 0.06 to screen channel
6 observations and a threshold 0.15 for the other surfatsita® observations.

observations assimilated over the Northern Hemispheresaaand over land, in particular over North Africa,
compared to the control experiment. As explained earlier,decrease of MHS channel 5 observations over
sea was unintentional.

3.3.1 Departure statistics

A first way to assess the change in the data usage is to mehsunegact of the new screening on the quality of
the analysis and of the first guess studying the fit to conweatiand satellite observations. Departure statistics
(mean departures and standard deviations) for radianez\ati®n types are computed after the bias correction
of satellite radiances.

Departure statistics averaged over the Northern Hemispegtra Tropics), Tropics, and Southern Hemisphere
(extra Tropics) show no significant change to the fit to rashole observations of temperature, winds and
humidity, both in the summer and winter period (not shownherE is however a very small number of ra-
diosonde observations that are not assimilated irt tegperiments compared to the control experiments which
could imply a small degradation in the quality of the firsegs.

Maps of statistics of first-guess departures of observatioom model estimates show that thehreshold
works quite efficiently in screening AMSU-A channel 5 obsgions over high orography but still allows a
more homogeneous coverage than the orography threshgdréri5, left, shows the standard deviation of
first departures for AMSU-A channel 5 observations, befaas borrection, used in the atmospheric analysis).
Statistics for AMSU-A channel 6 also show that in both seagba standard deviations of first-guess departures
in the regions where thescreening has added a considerable number of observat®nsthigher than other
parts of the Globe (Figurg6, right) . This is a very encouraging result towards enhapnttie usage of AMSU-

A surface-sensitive data at outer scan positions.

There are some differences in the mean first-guess depafturdne AMSU-A channels: the biases for channel
6 are a bit larger (of about 0.5 k) over some of the regions efrtew data, for example over Antarctica in
the summer season (see Figli®, and there are some differences in the AMSU-A channel 5dxas Africa
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Figure 15: Global maps of mean standard deviations of first-guess tieparfor AMSU-A channel 5 (left) and channel 6
(right) on MetOp-A in January 2011 wherrdhreshold 0.15 and 0.06 (respectively) is used to screese thieservations.
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Figure 16: Global maps of mean first-guess departures, before biasatmm, for AMSU-A channel 6 on MetOp-A in
July 7-31 when a threshold 0.06 is used to screen the susfatstive observations.

compared to the control experiment, but these differencegu@te small.

The standard deviations of first-guess departures avemgedhe extra Tropics are larger in thexperiments
than in the control experiment for MHS channel 5, and to aelesstent for channel 4, while there are no
significant changes for channel 3. Global maps of first-gdepsrture statistics show that for channel 4 and
5 this is the case in the summer period when more observatidhshigher standard deviation (relatively to
other areas of the Globe) are assimilated over land (for plamaround the Himalayan region), (see Figure
17). MHS observations in the same areas in the Northern Hemispdre not assimilated in the winter season
due to a screening based on the skin temperatures which aimslude snow-covered surfaces. Elsewhere
and in the winter season the increase in the standard dmviattifirst-guess departures for channel 5 radiances
is possibly due to fewer observations assimilated (untigeally) over sea compared to the control (as sea
observations tend to have lower standard deviations)icp&tly around -50 deg latitude in the summer and to
a lesser extent in the winter experiment.

The differences in the analysis mean humidity field betweerr experiments and the control experiments are
however relatively small (see Figuid).
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Figure 17: Global maps of mean standard deviations of first-guess tiegparfor MHS channel 4 (left) and channel 5
(right) on MetOp-A in July 7-31 when a threshold 0.15 is useddreen the surface-sensitive observations.

3.3.2 Forecast impact

The experiments impact on the forecast is studied for diffevariables, regions and forecast ranges. Forecast
results are computed for 61 days of assimilation experigienboth seasons.

In the summer period, for the forecast of the temperaturdntipact of thet experiment versus the control
experiment is negative in the Southern Hemisphere at als@utieg latitude at low levels in the short-term,
while it is neutral to positive elsewhere (see FigiBy. Overall the summer experiment performs better than
the winter one. In the winter period the extent of the negativpact in the Southern Hemisphere is greater than
in the summer period (see Figw6): for example, it is significantly negative for the forecakthe temperature
over the South Pole up to day 5 of the forecast.

Similar results are found for the forecast of the geopaéimiboth seasons.

We could speculate that the differences between the tw@ssase consistent with a greater degradation of
MHS channel 5 departures (due to fewer observations asgéd)l in the winter season both in the Northern
and Southern Hemisphere compared to the summer seasonal Glaps of forecast error differences seem
to confirm that large negative scores originate from the mdeahe Southern Hemisphere but also from the
Antarctic region (see for example Figup4d for the forecast of the geopotential at 500 hPa). Howevas, it
not straightforward to separate the impact of all the chargelata coverage contributing to the differences in
forecast error between theexperiments and the control experiments.

3.4 Conclusions

Thresholds on the transmittancerom surface to space have been tested to screen out AMSWA/MS
surface-sensitive observations with too large a coniobufrom the surface. These thresholds have been es-
timated from statistics of departures of observations froadel estimates. A single threshold has been used
globally for each of the 5 relevant AMSU-A and MHS surfacessive channels. The thresholds allow a
more homogeneous coverage of the microwave sounding stséatsitive channels with a considerable addi-
tional number of observations assimilated in particulanwaer scan positions (as those observations are less
sensitive to the surface than the ones near nadir).

Global averaged departures statistics for AMSU-A surfseesitive channels did not increase with the addi-
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Shade: Difference of mean TCWYV ano flck-fkys
Contour: Mean TCWV an0 fkys
20110101 to 20110131

NP

Figure 18: Mean TCWV analysis differences ky/nm? between tha experiment and the control experiment in January
2011. Contour lines represent mean TCWV analysis in therobetperiment.

tional observations. This is a very encouraging result td&zan enhanced exploitation of AMSU-A channel 5
and 6 than what is currently done in operations. Departatisits show some degradation to the fit of MHS
surface-sensitive channels: this is due both to havingedldoo much their usage in dry atmospheric condi-
tions (when these observations are considerably sengitithee surface) and to the unintentional reduction of
MHS observations over sea.

It would be interesting to explore this degradation furthgtesting ther thresholds without the unintentional
removal of data over sea. However, we find more opportunergupua different approach in order to enhance
the usage of very important data such as the lower tropospbleservations of AMSU-A and the MHS water
vapour observations. Results of assimilation experimsaggest that a unique global threshold per channel
might not work well to screen out observations which arediffito model while including the ones that are
useful to constrain the analysis. A possible alternativilhéocurrent screening of surface-sensitive microwave
sounder observations is to use an observation error whids tlmto account surface characteristics such as
skin temperature and emissivity errors. This approachdeilin-weight data in areas where the error from the
surface emissivity is larger, yet still allow such obseinas to influence the analysis, especially in data sparse
regions.

4 Enhanced assimilation of microwave sounding data over sea and seaice

MHS observations from channel 3, 4 and 5 (the 3 channels i183eGHz water vapour band) are currently
assimilated operationally only over surfaces with skingematureT S> 278 K and over low orography. The
constraint on the skin temperature means that there is nadityrsounding coverage in most of the areas
of the Globe with latitudes larger thah60 deg which include sea ice. The other two MHS channels (lyame
window channels) are used for emissivity retrieval ovedlérhannel 1 at 89 GHz) and quality control purposes
(channel 2 at 157 GHz).

As for the assimilation of microwave sounder data over ldahe,dynamic retrieval of emissivities provides a
good basis for the use of MHS sounding over sea ice, as shasrira(Bouchard et al. 2010). The dynamic
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RMS forecast errors in T(fles—flcr), 1-Jun—2011 to 31-Jul-2011, from 53 to 61 samples
Verified against own-analysis
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Figure 19: Normalised differences in the root mean square forecast ketween the experiment (flcs) and the control
experiment (flcr) for the 0Z forecast of the temperature #iedint pressure levels in the summer period. Verificatfon i
against the experiment own-analysis.

retrieval of emissivities is based on the assumption thatettnor introduced by using for a given frequency
emissivities calculated at a different frequency is smakk shown earlier in this report, this is the case for
MHS observations over land: departure statistics showettmagsivities retrieved at 89 GHz can be used for the
water vapour channels without introducing a subsequest Klaer sea ice the situation is more complex as the
emissivity spectra vary greatly with the type of ice (Harlag@11). There are surfaces for which the emission
at 89 GHz might be quite different than the one at 157 GHz or@GBfZ. These issues have been taken into
account in the experiments described in the next section.

4.1 Assimilation experiment setup

We have run assimilation experiments with the active usdgadditional MHS observations over sea and
sea ice. Experiments were run at a low resolution (T319) wyttle CY37R3 from June to September 2011
with MHS channel 3, 4 and 5 active over sea with any skin teatpeg, and channel 3 and 4 active also
over sea ice. The current constraint on the skin temperdtasebeen left unchanged over land (i.e. MHS
observations are assimilated only over surfaces with skimperaturel S > 278 K to exclude snow-covered
surfaces). The assimilation of MHS channel 5 over land, ttesfin the estimation of emissivities (as described
in the Appendix) and a fix to surface skin temperature (inetutb cycle CY38R1 by Ben Ruston) are also
included in these experiments as in the control experiment.

The emissivities used in the simulation of radiances oveieare dynamically retrieved emissivities. We have
considered two cases: the use of emissivities retrieved fdoannel 2 observations (at 157 GHz) (experiment
EXP1) and the use of emissivities retrieved from channelseplations (at 89 GHz) (experiment EXP2). In
both experiments the additional data over sea With« 278 K are simulated with FASTEM emissivities (Liu
at al. 2011) (as itis done for all the other MHS observatiover gea). These two experiments are identical to
the control experiment (fnrk) except for the usage of oket@as over cold sea and sea ice.

The emissivities at 89 GHz might differ considerably frore ttnes at 183 GHz over certain surfaces. These
differences are in general smaller for emissivities re&ikat 157 GHz. Therefore emissivities retrieved over
sea ice at 89 GHz need to be corrected before being used ttaténtiue water vapour channels. In experiment
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RMS forecast errors in T(flck—fkys), 1-Jan-2011to 2-Mar-2011, from 53 to 61 samples
Verified against own-analysis
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Figure20: Normalised differences in the root mean square forecast between the experiment (flck) and the control
experiment (fkys) for the 0Z forecast of the temperatureifferent pressure levels in the winter period. Verification
against the experiment own-analysis.

EXP2, we have applied as correction term the one currengiy urs the Meteo France system based on the
brightness temperature difference between channEBg)(and 1 {TB;), (Bouchard et al. 2010), as follows:

The emissivities retrieved at 157 GHz are used in experiraR1 without correction for the water vapour
channels, and with a correction (derived from the one abfmrdhe 89 GHz channel (used in this experiment
for quality control). Channel 2 is currently used at ECMWFaaguality control channel to screen out cloudy
and rainy radiances: large absolute departures of chanmes&vations from model estimates are interpreted
as a sign of cloud or rain affected radiances. We therefore tiged channel 1 as a quality control channel in
the experiment (EXP1) in which channel 2 is used for emigsiétrieval.

Table2 summarises the settings used for the assimilation expetintkescribed above plus an experiment (the
last one in the table) which uses over sea ice emissivitikesileded with an old scheme, known as the Kelly &
Bauer scheme (Kelly and Bauer 2000). This static schemesiscban a classification of the surface type and
an appropriate parametric model per surface type.

In all the experiments sea ice is identified as a surface pdaimd-sea mask less than 0.1 and surface temper-

Table 2: Settings for the assimilation experiments on the enhanced use of MHS over sea and sea ice

Experiment| Experiment| Emissivity estimation Emissivity correction | Channel used for quality
name ID over sea ice over seaice control over sea ice
EXP1 fnta Retrieved from Channel 2 correction for Channel 1 Channel 1
EXP2 fnv8 Retrieved from Channel 1 correction for Channel 2-% Channel 2
EXP3 fmqy Kelly & Bauer scheme NA Channel 2
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RMS forecast errors in Z (fick — fkys) : 1-Jan-2011 to 2-Mar-2011 from 53 to 61 samples
Verified against own-analysis
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Figure21: Global maps of normalised differences in the root mean sjioeecast error between tlieexperiment (flck)
and the control experiment (fkys) for the 0Z forecast of teemptential at 500 hPa in the winter period. Verification is
against the experiment own-analysis.

Figure 22: Sea ice extention over the South Pole on June 6 2011 estimwdtethnd-sea mask less than 0.1 and surface
temperaturd S< 27145 K. The colour scale indicated a TS from 242 K (blue) to 272d(l}.

atureTS< 27145 K. Figure22 shows the sea ice extention calculated with these two tbldsion one of the
day in which the experiments ran.

4.2 Results

Figure23 shows the difference in counts between the observationgelcassimilated in experiment EXP1 and
the control for MHS channel 4 and 5 (the plot for channel 3 isegsimilar to the one for channel 4). A consid-
erable number of additional MHS observations is assintl@igoarticular below -50 deg latitude, where there
is no humidity sounding coverage in the control experimant(similarly in the operational configuration).

A greater number of MHS channel 3 and channel 4 data are dat&dhiover sea ice in EXP1 compared to
EXP2. This suggests that the emissivities calculated fréih GHz, and used without a correction, might be
more accurate than the ones calculated from 89 GHz, aftaraation is applied to them. We need however to
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STATISTICS FOR RADIANCES FROM FROM METOP-A/MHS VS METOP-A/MHS STATISTICS FOR RADIANCES FROM FROM METOP-A/MHS VS METOP-A/MHS
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Figure 23: Count differences for MHS channel 4 (left), channel 5 (rjgitiservations per grid box used in the atmospheric
analysis between experiment EXP1 and the control expetimdune 2011.

take into account that a different quality control is usethimtwo experiments.

Most observations over sea ice are rejected in EXP3 due tohigh departures between the observations
and the first-guess, proving that the dynamic emissivities gea ice are more accurate than the static ones
calculated by the old Kelly & Bauer scheme. For this reasom,have run this experiment only for a short
period, and we will not show below departure statistics amtesresults for experiment EXP3 as they will not
be significant.

4.2.1 Departure statistics

As for the assimilation of microwave sounder data over larsihig the dynamically retrieved emissivities over
sea ice provides a better representation of model-estihtaitightness temperatures than a static scheme. Figure
24 shows histograms of first-guess departures for MHS chanfiefty channel 4 (centre) and channel 5 (right)
observations over sea ice when emissivities are estimatedebold Kelly & Bauer scheme (CTL, red), are
retrieved dynamically from observations at 157 GHz (EXR&eg) or from observations at 89 GHz and with a
correction for the variation of emissivities with frequgn&XP2, blue). Here all data have been considered, i.e.
before any screening and quality control stage and befasedarrection. Therefore, in the control experiment,
emissivities over sea ice are estimated by the Kelly & Baabesie, though are not actively assimilated. The
dynamic emissivities lead to improved simulations for tB8 GHz sounding channels (histograms for EXP1
and EXP2 are narrower and more centred around 0 than for titeot@experiment), and using the 157 GHz
channel for the emissivity retrieval appears to perfornt (e histogram for EXP1 is slightly narrower than
for EXP2).

Global maps of mean differences between assimilated MHSune@ents and observations simulated from the
short-term forecast in experiment EXP1 show that the biasetarge before bias correction for channel 4 over
sea ice and channel 5 over cold sea in the Southern Hemispftese biases are reduced after bias correction,
with the exception of channel 4 over sea ice (see Figaror the bias of MHS channel 4 and channel 5 after

bias correction), and are however not larger over sea icealddsea than other parts of the Globe.

The average standard deviation of first-guess departur@dHi& channel 5 over the Southern Hemisphere is
larger in the EXPL1 than in the control experiment (see Fi@file As shown with the transmittance studies
in the previous section, MHS channel 5 peaks quite low in th@aphere in the winter Hemisphere. We are
therefore adding observations over sea in the Southernspégie that are considerably sensitive to the surface
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Figure 24: Histograms of first-guess departures for MHS channel 3)(leftannel 4 (centre) and channel 5 (right) over
sea ice in July 2011 when emissivities are estimated by astatit scheme (known as the Kelly & Bauer scheme, CTL,
red), are retrieved dynamically from observations at 15Z@EXP1, green) or from observations at 89 GHz and with a
correction for the variation of emissivities with frequgr&XP2, blue).
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Figure25: Global maps of mean first-guess departures after bias ¢cmmdor MHS channel 4 (left) and channel 5 (right)
on MetOp-A in experiment EXP1 (fnta) in June 2011.

and are not well modelled. The decrease in the standardtaeviar MHS channel 3 and 4 observations in
experiment EXP1 both over the Northern Hemisphere and tlh8m Hemisphere and for channel 5 in the
Northern Hemisphere is possibly due to the numerous additidata assimilated over sea (as sea observations
tend to have lower standard deviations than land obsengtio

Departure statistics for experiment EXP2 are quite sintiladhe ones for experiment EXP1. However, bias and
standard deviation of first-guess departures for assietiltHS channel 4 measurements over the Southern
Hemisphere are slightly smaller (and a greater number afrobtons is assimilated) in experiment EXP1 than
in experiment EXP2 (see Figu&Y). Global maps of first-guess departure statistics showtliigis the case
particularly over sea ice (see Figu28). This is a further evidence of the better quality of the esinities over
seaice in experiment EXP1 than in experiment EXP2.

4.2.2 Forecast impact

Forecast results are computed for different variables agins for 92 days of assimilation experiments. The
results in the Southern Hemisphere for EXP1 are very pesitivthe forecast of the temperature, geopotential
and winds. The positive impact for forecast of the tempeeaippears statistically significant at 95% con-
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Figure 26: MetOp-A MHS brightness temperature departure statissizmflard deviations of first-guess departures) for
the experiment EXP1 (fnta) (black) and the control expeniti{nrk) (red) for the Northern Hemisphere (left) and the
Southern Hemisphere (right).
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Figure 27: MetOp-A MHS brightness temperature departure statissizsflard deviations of mean first-guess departures
(left) and mean first-guess departures (right)) for the erpent EXP1 (fnta) (black) and the experiment EXP2 (fnv8)
(red) for the Southern Hemisphere.

fidence level for all the forecast days at 1000 hPa and from2dey 6 at 850 hPa, when averaged over the
Southern Hemisphere (see Figd®. There is however a neutral to negative impact in the Nonthéemi-
sphere (see for example Figud@for the forecast of the temperature at different latitudes pressure levels),
which seems to be statistically significant at day 3 and 4 efdinecast.

Also experiment EXP2 shows a positive impact in the Soutkmisphere for the forecast of all the relevant
variables but the extent of the statistically significangate/e impact in the Northern Hemisphere is greater in
experiment EXP2 than in experiment EXP1. A test experimenthich the new data were added only in the
Southern Hemisphere has shown the same pattern of the positie scores in the Southern Hemisphere and
slightly negative scores from day 3 in the Northern HemispheThis suggests that the bias of the additional
data in EXP2 (and to a lesser extent in EXP1) in the Southemisfihere causes, through the variational bias
correction scheme (VarBC) (Dee 2004), a propagation of tiar @ the Northern Hemisphere few days into
the forecast. The predictor coefficients for a linear biasl@hare in fact estimated globally within the VarBC
framework.

Forecast scores show a considerable negative impact &iveehumidity in the short range at the location of
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Figure 28: Global difference of mean first-guess departures for MHSnbb4 on MetOp-A between experiment EXP1
(fnta) and experiment EXP2 (fnv8) in June 2011.
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Figure 29: Normalised differences in the root mean squared forecast between the experiment EXP1 (fnta) and
the control experiment (fnrk) for the 0Z forecast of the 8%tatand 1000 hPa temperature. Verification is against the
experiment own-analysis.

the additional data assimilated in both experiment EXPlexmriment EXP2 (see FiguBd). As argued in
(Geer et al. 2009), this is likely an apparent degradatiothénforecast error of the relative humidity due to
adding humidity observations in a data-poor area and vegfysing the experiment own-analysis as proxy of
the true state of the atmosphere. The degradation is in taabserved for the other atmospheric parameters,
or in verification of short-term forecasts against obséowvat

4.3 Conclusions

The use of dynamically retrieved emissivities over sea adilowed the assimilation of a considerable amount
of humidity sounding observations in data sparse areaseoGtbbe. Furthermore, removing the current skin
temperature constrain on the assimilation of MHS measuneyaer sea has allowed a great number of addi-
tional observations to be used at high latitudes.

We have tested three ways of retrieving the emissivities @ ice for the simulation of the actively assimilated
MHS measurements. Retrieving emissivities at 157 GHz aimdytsem (without any correction) for the water

vapour channels allows the assimilation of MHS high peakimgnnels over sea ice with a clear improvement
to the fit of MHS channel 3 and 4 observations both in the Nonttend Southern Hemisphere. We have
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RMS forecast errors in T(fnta—fnrk), 16-Jun-2011 to 15-Sep-2011, from 84 to 92 samples.

Point confidence 99.8% to give multiple-comparison adjusted confidence 95%. Verified against own-analysis.
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Figure 30: Normalised differences in the root mean squared forecast between the experiment EXP1 (fnta) and
the control experiment (fnrk) for the 0Z forecast of tempera at different pressure levels. Verification is agaihst t
experiment own-analysis.

however to reconsider relaxing the usage of MHS channel Suanements over sea as those observations in
dry atmospheric conditions are considerably sensitivegastirface and not well modelled.

Results of assimilation experiments are encouraging wsvarmore extensive exploitation of MHS observa-
tions over sea and sea ice, though they show that the additilata are introducing biases which gradually
corrupt slightly the first-guess in the Northern Hemisph&nhgperiments have been run at a low resolution and
will require some further testing at higher resolutions.

5 General conclusions

This study investigates an enhanced usage of satellitevatigms from the microwave sounders AMSU-A and
MHS over land, high orography and sea ice. Here we briefly sariz@ the main findings of this work.

The active assimilation of the lowest-peaking of the MHSrtteds in the 183 GHz water vapour band over
land has a systematic impact on the mean moisture analysish\Wwas been positively validated against inde-
pendent GPS measurements from ground stations. As a résludise studies, MHS channel 5 is now actively
assimilated over land in the latest ECMWF cycle (CY38R1).
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RMS forecast errors in R(fnta—fnrk), 16-Jun-2011 to 15-Sep-2011, from 84 to 92 samples.

Point confidence 99.8% to give multiple-comparison adjusted confidence 95%. Verified against own-analysis.
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Figure 31: Normalised differences in the root mean squared forecest Between the experiment EXP1 (fnta) and the
control experiment (fnrk) for the 0Z forecast of the relattumidity at different pressure levels. Verification is iaga
the experiment own-analysis.

A new screening criterion has been tested to screen oun@lizbservations with too large a contribution from
the surface. Is is based on single thresholds used globailgarch relevant channel, and has allowed a more
homogeneous coverage of the microwave sounding surfasitise channels. A considerable additional num-
ber of observations is assimilated in particular at outenguositions (as those observations are less sensitive to
the surface than the ones near nadir). However, resultsihéation experiments suggest that a unique global
threshold per channel might not work well. In the rest of teléofvship we intend to pursue an alternative ap-
proach to the current screening of surface-sensitive mviave sounder observations with an observation error
which would take into account different surface charasties.

The assimilation of humidity sounding observations from $Has been extended over sea ice and over sea
at any skin temperature, with dynamically retrieved emiges used over sea ice. Results of assimilation
experiments are significantly positive for the forecasheftemperature, geopotential and winds in the Southern
Hemisphere, though they show that the additional data aredincing small biases which gradually corrupt
slightly the first-guess in the Northern Hemisphere. Theltesgre however very encouraging towards a more
extensive exploitation of MHS observations over sea andcgeaNe intend to follow this route in the rest of
this EUMETSAT fellowship.
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6 Appendix

The active assimilation of MHS channel 5 has been testedufungssion to the cycle upgrade (CY38R1) with
some fixes to the estimation of emissivities for AMSU-A and $IH hese fixes are related to the update of
what is called the emissivity 'atlas’ (Krzeminski et al. 3)0The ’atlas’ is a smoothed version of the dynamic
emissivities updated with a Kalman Filter on a fixed grid, @nid used as backup and quality control for
the dynamic emissivities. Here we show the changes in tles’ah the experiment “channel 5 exp (2011)”
described in Sectio@ compared to the control.

In the control experiment the 'atlas’ does not follow welldden changes of the dynamic emissivities (for
example in the case of melting snow). This is because thetyjgahtrol on the dynamic emissivities used to
update the 'atlas’ emissivities is too tight, allowing oxlynamic emissivities that differ by less than 0.06 from
the "atlas’ values.

Figure32shows the timeseries for a given location in North Asia d&'sitemissivities and dynamic emissivities
for 50 days of the experiments in the winter season. Whilkercontrol experiment, for this particular location,
the atlas emissivities and dynamic emissivities divelgefikes applied in “channel 5 exp (2011)” let the 'atlas’
be a smoothed version of the dynamic emissivities (as thas’aivas designed to be). Figug3 shows the
‘atlas’ emissivity values for AMSU-A on MetOp-A in operatis (bottom) and in the “channel 5 exp (2011)"
(top) for a day in the summer period (for convenience onlyealgreater than 0.7 are plotted). The unrealistic
low emissivities over the Northern Hemisphere are corcebtethe fixes applied in the ’atlas’ update.
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Figure 32: Timeseries of 'atlas’ emissivities (red), dynamic emiggg (green), and dynamic emissivities not rejected by
the quality control (blue) in the “ctl exp (2011)” experintgleft) and in the “channel 5 exp (2011)” experiment (right)
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Figure33: Atlas emissivities for ASMU-A on MetOp-A in the “channel 5@{011)” experiment (top) and in operations
(bottom) in a 12 hour time window in July 1 2011.
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