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Introduction Experimental observations

the relative impact of for data assimilation community, in order to assess their optimal use in operational systems. In this poster . .
e present 1 usa of cbesrvations i ths ALADINMARMONIE: Nerway dala assknilaion anforacasing system, el mpc by he s of randomizatian techmiqees e the impact of Superobservations derived from CloudSat data: n wis secion we present recent resuis for a number of new
experimental observation types, not yet in the reference system: results from the use of background error covariances from downscaled ensemble analvsis are also reviewed. A number observations type whose assimilation is under evaluation. A strategy for the assimilation of CloudSat CPR observations have been assessed. It consists of a Bayesian analysis
‘of observations, conventional and satellite, have been assimilated over a large period. Their use is shown in the following table. = Fal able to produce super-observations of relative humidity, exploiting the ability of CloudSat to detect single and multi layer clouds at very high resolution, both on the vertical and
‘f b along the satellite track. NWP data to define the “a priori" knowledge of humidity fields come from ECMWF short-range forecasts. A Monte Carlo approach is then used to
Y L Calcate the erors of the super-observations, Simulating the Bayesian anaysis' erors. SDVAR correcty assimiates these obsenaions, and a posiive impact was found,
gD Gl (o AN NN E R Ty mf ] especialy on mass flkd. However, the verlcaton pero was rahe snor, henc, ihe impact of CloudSat Onservatlons ver a longe perod s e evaluaton.

TEMP uvTQ2Z Only T using ECMWF tables No R L
SYNOP. z No Temporal and spatial p
PILOT (Europrof) uv.z No Redundancy check against TEMP
DRIBU z No Temporal and spaial 7
AIREP. uv.T No 25Km horizontal
AWV uv No - Use of quality flags 25 Km horizontal
AMSUA 51013 Amass and scan bias correction 80Km horizontal
AMSU-B, MHS 3,45 =
“The system takes also adv of surfa the use of RH and T t 2 meters and wind measurements at 10 m from synoptic stations. The domain (showed
above) h 11Kmfora over Norway.
Assessment of a strategy for assimilating IAS radiances s not shown here but din a separate poster (by R.

Degrees of Freedom for Signal

Degrees of freedom for signal (DFS) indicate the self-sensitivity of analysis to different observation types; they are given by the derivative of the analysis, in observation space, with
respect to the observations, and are sensifive to the weight of the observations and to the observation operator formulation. DFS have been computed perturbing al the observations for
5 independ Resulls show tha the. of carried nto the analysis are the wind observations (AIREP, TEMP
and PILOT, although the latter are only a few). AMSU-A radiances are very important as well, and aiso AMSU-B show o have a big information content. Huidity observations (from
‘TEMP) have a great impact on the analysis but there are too e of the in the assimilation system. Addition of SEVIRI data in the system slightly reduced the contribution from all the.
other observations, especially from the “dominant” one, i.e. AIREP and AMSU-A. The use of variational bias correction technique to correct the bias of all radiances emphasises the
information content of al the observations since they are better assimilated. This is true not only for satelite data but also for conventional data.
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i}_@ 0l s and he I assimilaton.
i, 1 N
EEEE SEVIRI data: Fist assimilaion tials have aiso been run with SEVIRI i I above mid-fevel clouds conditions, channels
EEER 79000 10 n car-sy o 5. Al s i corecin sheme s usd, ot vryng el pmvldes reasontieanalyss crements for WY chamnes (5 and
s promising, aly and  middedevel  amosphere

the  window impact
Nole Y o S runs, Whila SEVES to the run wih SEVIRI dta.

et e it - v,

]
ERE

Figure 1. Absolute and relative degrees of freedom of different observation
types
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Figure 5. Impact of SEVIRI data against observations

Bias RMSE RMSE
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The impact of observation types on forecasts have been studied perturbing each observation group, rerunning the assimilation and comparing the RMSE (between forecasts and oot - b

analyses vald at forecast time using the reference system) from the reference experiment (all the observation in the above table) with the RMSE from the perturbed experiments. The - -l b |
bigeri h elaive variaon n RMSE, e more senive ar e frecasts 0 e osenaions, grop.The persato adforecast s b rpeatd o 4 asimlaon ey, - . - 4
enoughin tim ofresult. Thi o . . i - - =
AMSU-A have showed the biggest impact on the forecasts for almost all the pa,amem.s, followed by TEMP, whose \mpanwas very strong in the high atmosphere. AIREP observations =i = ==

Seem very important for shortrange forecasts, especialy for temp le AMSU-B Tevel humidy. ] = - - - -

Figure 6. Impact of SEVIRI data against analyses

GPS ZTD data: a  study for th GPS Zenith Total wrough dataset of
Gt processingcente. Tis sgeoac esded 1 5 ssindad satons avr (e Norwegan dorln, il exprnen,that used an overetmaton of e delay emors
wough the ve been one month (Feb. 2008)

A flat bias corection is used. Impact on i) against TEMP is small for all the parameters except for temperature, where it is positive in general.
A more rigorous formulation of observalions errors is under evaluation.
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Figure 2. Absolute percentual variation of RMSE of different observation types

B covariances from downscaled ensemble analysis

In e to vt bocayoure ovniances typial o el scles, ensembie srlyls ganersed at ECMWE (Krely provkled by L s

Conclusions e erts o) P 1 o Bt T e o (e e e )

AL ADINMARNONIE Norway 6 hours arecast. The experimant uaed all i orinal 10 members. for & perod of  month (wo daly runs).
and differences between the true state of the atmosphere and the model forecasts have been simulated as differences between the ensemble

The use of variational bias correction technique to correct the bias of all radiances emphasises the information content of all the mean and the forecasts coming from each of 10 members initial conditions. Background error covariances follow Loik Berre's formulation.
observations since they are better assimilated. This is true not only for satellite data but also for conventional data. Results have been extensively compared with background error covariaces obtained through the *NMC" method., for a winter three-months
atase ofcifernces bewee 48 and 24 ' foecasts, The use of ensemble anlysisproduod uch sharer corlaons, specily on

9 i n i i v " the senta very similar B statistics.

Thev evalua(u_:n of vthe impact of wﬂerem observations on analysis apd (orecasl_s showgq that the sensitivity of the aqalysls was Analysis initalized by SDVAR =0 eﬁsem&demd statistic result closer to the background, and the forecasts show a better verifcation
particularly high with regards to wind measurements, especially from aircrafts, while humidity observations had a large information e G Co A1 (o G 15 (o (s L ) Gt G (o b 0 G (5 o s et (S oEE
content but were not very dense if compared with other observed parameters. temperature for the channel 9 from NOAA-18), NMC B (let) against Ensemble B (right). Differences in analysis increments are very big.

Verification (right side) compare an NMC-based experiment against an Ensemble-8 experiment.
According to our results, AMSU-A data have the most remarkable impact on forecasts, at all the forecast ranges.

A positive impact of CloudSat data — especially on the mass fields - was found against observations in a short period study.

Impact of SEVIRI data on humidity forecasts was found to be positive.

Conta sectin o e 36001191 1558 s
We concluded, that the use of background errors derived through ensemble techniques could contribute to the optimal assimilation of
observations.

ther It d observations types is very promising, although more work for the assessment of their best use
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Introduction

ihe relaive impact of is of i iportance for ,in order to assess their optimal use in operational systems. In this poster

we present the use of the Al i their impact by the use of randomization techniques and the impact of

experimental abeenaton types, not yet in R et ornli ol oot o on o e Tl et YA el
of obsenvations, conventional and satelite, have been assimilated over a large period. Their use is shown in the following tat Tt

Table 1 Use of Observations in the ALADIN-| HARMONIEINorway
ing

Type Parameter (Channel) Bias correction
TEMP uVv.T.Q2 Only T using ECMWF tables No
SYNOP z No Temporal and spatial
PILOT (Europrof) uv.z No Redundancy check against TEMP
ORIBU z No Temporal and spatial
AREP. uwvT No 25 Km horizontal
AW uv No - Use of qualiy flags 25 Km horizontal
AMSUA 51013 Ar-mass and scan bias conection 80K horizontal
AMSU8, MHS 345 Air-mass and scan bias cortection 80Km horizontal

The system takes al the use of RH an
above) has a resolution of 11 Km (yrroiy computational grid centred over Norway.

bt d poster by R

2 meters and wind at 10 m from synoptic stations. The domain (showed

Assessment of a strategy for assimilating IAS! radiances is

Sensitivity of forecasts to observations

‘The impact of obsenvation types on forecasts have been studied perturbing each observation group, rerunning the assimilation and comparing the RMSE (between forecasts and
analyses valid at forecast time using the reference system) from the reference experiment (al the obsenvation in the above table) with the RMSE from the perturbed experiments. The
bigger is the relative variation in RMSE, the more sensitve are the forecasts 1o the obsenvations group. The perturbation and forecast has been repeated for 4 assimilation cycle, far
enough in time from each other to ensure ergodicity of results. This test was done without observations under investigation.

S S me ke e Hyoest i e ot bres e ivoctll e etk ohec b JEME s poec o e e oo o comcer e LS Eleces S e
seem very importan trange forecasts, especially . while AMSU-B exercises have influence mostly on low and high level humidity.
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Figure 2. Absolute percentual variation of RMSE of different observation types

Degrees of Freedom for Signal

Dogrees ofreec fo sna (DFS) Indca the safsesiiy of snalyss to iferent bservason ypes: they ato gven by thedofatheof the anayss 1 osanlon spce, i
resp operator formulation. DFS have been compued perturbing all the observaiions for
S indepedent asomlaloniyoes. Rt show tht hemost temns of into the analysis are the wind obsenvtions (AIREP, TEMP
and PILOT, although the later are only a few). AMSU-A radiances are very important as wel, and aiso AMSU-B show to have a big information content. Humidity obsenvations (from
TEMP) have a great mpact on the analysis but there are too it of them in the assimiaton system. Addition of SEVIRI data i the system slihty reduced the contribution from allthe
other observations, especiall from the “dominant” one, i.e. AIREP and AMSU-A. The use of variational bias correcton technigue t correct the bias of all radiances emphasses the
information content of all the observations since they are better assimilated. This is true not only for satelte data but also for conventional data,
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Figure 1. Absolute and relative degrees of freedom of different observation
types

Conclusions

The use of variational bias correction technique to correct the bias of all radiances emphasises the information content of all the
observations since they are better assimilated. This is true not only for satellite data but also for conventional data.

The evaluation of the impact of different observations on analysis and forecasts showed that the sensitivity of the analysis was
particularly high with regards to wind measurements, especially from aircrafts, while humidity observations had a large information
content but were not very dense if compared with other observed parameters.

According to our results, AMSU-A data have the most remarkable impact on forecasts, at all the forecast ranges.

A positive impact of CloudSat data — especially on the mass fields - was found against observations in a short period study.

Impact of SEVIRI data on humidity forecasts was found to be positive.

We concluded, that the use of background errors derived through ensemble techniques could contribute to the optimal assimilation of
observations.
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Experimental observations

Superobservations derived from CloudSat data: in tis section we present recent resuits for a number of new
observations type whose assimilation is under evaluation. A strategy for the assimilation of CloudSat CPR observations have been assessed. It consists of a Bayesian analysis
able to produce super-observations of relative humidiy, exploiing the bilty of CloudSat to detect single and mullayer clouds at very high resoluion, both on the vertical
along the satelite track. NWP data to define the “a prirt knowledge of humidy fielés come from ECMWF short-range forecasts. A Monte Carlo approach is then used 1o
calculate the errors of the Super-obsenvaiions, simulating the Bayesian analysis' ermors. 3DVAR correcty assimiates these observations, and a positve impact was fourd.
especially on mass fields. However, the veriication period was father short, hence, the impact of alonger period is
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Figure 3. Innovations and residuals statistics for CloudSat observations (mean on the left, st.dev. on the
right) calculated by day (top) and by vertical level (bottom). The plots show that the residuals are unbiased
and that the weight given to the CloudSat observations is large.

Figure 4. Radiosonde verification scores against experiment
with all observations in Table 1 but without CloudSat
assimilation.

SEVIRI data: Firstassmiation uiais have aiso been run with SEVIRI infrared radiances (channels 5, 6 n clear-sky or above mid-fevel clouds condiions, channels
7.9 and 10 n clear-sky above sea). An air-mass bias correction scheme was used, not varying lattudinally. provides reasonable analysis increments for WY channels (5 and 6)

Ut not  for  the  windo annels. Impact s promising,  especialy  at low middle-level  amosphere.
Note, that SEVO4 refer to reference runs, while SEV02 1o the run with SEVIRI data.

Figure 5. Impact of SEVIRI data against observations

Figure 6. Impact of SEVIRI data against analyses

GPS ZTD data: areasiiy study for the assimilation of GPS Zenith Total Delay has been carried out trough the creation of a dataset of reliable GPS stations
and deta processing cente. This approach laded to 52 assimiabie statons over he Norvegan doman. Trals experment. that used an cveresimaton of the dsey erors
wough the have beer one month (eb. 2

ATt s conecton . coed. Impact on venlcaon againat TEMP 15 smal for sl ihe. paemelers excepl for lemperature, where it Is positve in genera
A more figorous formutation of observations errors is under evaluation
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Figure 7. Impact of GPS ZTD data on forecast of geopotential and temperature

B covariances from downscaled ensemble analysis

In order to exalt background covariances typical of small scales, ensemble analysis generated at ECMWF (kindly provided by Lars Isaksen)
by perturbing observations in the assimiation, have been used after downscaling as initial and lateral boundary condiions. for
ALADINHHARMONIE-Norway 6 hoursforecasts. The experiment used al the orgial 10 members, for a period of 1 nonth (o daily runs),

‘rue state of th and the model f s differences between the ensemble
Tt coming from each of 10 e il oo Background error covariances follow Lok Berre's formulation
Restits have been extensively compared with background error covariances obtained through the "NMC" method, for a winter three-months.

the vertcal correlations and at large horizontal scales. Variances and cross-covariances present a very similar structure in the two B statistics,
Analysis inialized by 3DVAR using ensemble-derived statistc result closer to the background, and the forecasts show a better verification
scores after day 1. The two cross-sections on the left show different analysis increments for a 2 K single-obs innovation (brightness.
temperature for the channel 9 from NOAA-18), NMC B (eft) against Ensemble B (right). Differences in analysis increments are very big,

-
dataset of diferences between 48 and 24 hours forecasis. The use of ensemble analysis produced much shorter corelations, especially on r
Verfication -

Eraes saction of Tamg $007181 1350 g 8

Figure 8. Analysis i
(brightness temperature for the channel 9 from NOAA-18)

Figure 9. Comparison of an NMC-based experiment
against an Ensemble-B experiment
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Introduction

the relative impact of  data assimilation community, in order to assess their optimal use in operational systems. In this poster
we prosent (e use of bservaons n the ALADIN/HARMONIE-Nerwy dah assimialion and forecasing ystem, hlr mpact by the use of randomizaton echmiques an the imact of
experimental observation types, not yet in the reference system; results from the use of background error covariances from downscaled ensemble analysis are also reviewed. A number
of observations, conventional and satelite, have been assimilated over a large period. Their use is shown i the following table:

Table 1. Use of Observations in the ALADIN-HARMONIE/Norway

Type Parameter (Channel) Bias correction Thinning
TEMP UVv,T.QZ Only T using ECMWF tables No
SYNOP. z No Temporal and spatial
PILOT (Europrof) uv.z No Redundancy check against TEMP
DRIBU z No Temporal and spaiial
AREP. uy,T No 25Km horizontal
AWV uv No - Use of quality flags 25Km horizontal
AMSU-A Armass and scan bias carrection K horiz
o BB TT'ZMZ ?.?éé?'&*lﬁf&im“s T AGRE e e
Assessment of a strategy for assimilating IAS radiances s not shown here but din a separate poster (by R.

Degrees of Freedom for Signal

Deorees of rsedom for s\gna\ (DS} iccais the seltssnskivy ofanalyls o ciferent obsevatn ypes:they s ghen by thoderheive of the anasls, I cksarvaten spac, with

pect 1o the = serie 1 Ve of e tsenvaiosard . e chseVedon apeat foetn S ks e comene pertaning e oksenvatons o

sults of 10 the analysis are the wind observations (AIREP, TEMP

200 PILOT, linough ihe ater are oy . fow, AMSULA facinces are vy mporiant 43 wel and a1 AMSLB Show 10,have 3 b ormadon content. Humity obsenvtions (rom

‘TEMP) have a great impact on the analysis but there are too e of them in the assimilation system. Addition of SEVIRI data in the system slightly reduced the contribution from all the.

other observations, especially from the “dominant” one, i.e. AIREP and AMSU-A. The use of variational bias correction technique to correct the bias of all radiances emphasises the
information content of al the observations since they are better assimilated. This is true not only for satelie data but also for conventional data
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Figure 1. Absolute and relative degrees of freedom of different observation
types

Sensitivity of forecasts to observations

The impact of observation types on forecasts have been studied perturbing each observation group, rerunning the assimilation and comparing the RMSE (between forecasts and
analyses valid at forecast time using the reference system) from the reference experiment (al the observation in the above table) with the RMSE from the perturbed experiments. The
e et e 3 el vl el o S it el e ookt et
enough in tim of results. Thi o

AMSU-A have showed the biggest impact on the forecasts for almost all the ) followed by TEMP, whose \mpanwas very strong in the high atmosphere. AIREP observations
‘seem very important for short-range forecasts, especially for tempe ile AMSU-B level humidity.

Illt.lll'_ )

uiJJHLI

Figure 2. Absolute percentual variation of RMSE of different observation types

Conclusions

The use of variational bias correction technique to correct the bias of all radiances emphasises the information content of all the
observations since they are better assimilated. This is true not only for satellite data but also for conventional data.

The evaluation of the impact of different observations on analysis and forecasts showed that the sensitivity of the analysis was
particularly high with regards to wind measurements, especially from aircrafts, while humidity observations had a large information
content but were not very dense if compared with other observed parameters.

According to our results, AMSU-A data have the most remarkable impact on forecasts, at all the forecast ranges.
A positive impact of CloudSat data — especially on the mass fields - was found against observations in a short period study.
Impact of SEVIRI data on humidity forecasts was found to be positive.

We concluded, that the use of background errors derived through ensemble techniques could contribute to the optimal assimilation of
observations.

ther It d observations types is very promising, although more work for the assessment of their best use
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Experimental observations

Superobservations derived from CloudSat data: n wis secion we present recent resuis for a number of new
observations type whose assimilation is under evaluation. A strategy for the assimilation of CloudSat CPR observations have been assessed. It consists of a Bayesian analysis
able to produce super-observations of relative humidity, exploiting the ability of CloudSat to detect single and multi layer clouds at very high resolution, both on the vertical and
along the satellite track. NWP data to define the “a priori" knowledge of humidity fields come from ECMWF short-range forecasts. A Monte Carlo approach is then used to
Calcate the erors of the super-observations, Simulating the Bayesian anaysis' erors. SDVAR correcty assimiates these obsenaions, and a posiive impact was found,
especialy on mass flkd. However, the verlcaton pero was rahe snor, henc, ihe impact of CloudSat Onservatlons ver a longe perod s e evaluaton.

Figure 4. Radiosonde verification scores against experiment
with all observations in Table 1 but without CloudSat
assimilation.

Figure 3. Innovations and residuals statistics for CloudSat observations (mean on the left, st.dev. on the
fight) calculated by day (1op) and by vertical level (bottom). The plots show that the residuals are unbiased
and he I

SEVIRI data: rirstassimiaion uiais have aiso been run with SEVIRI above midevel clouds conditons, channels
798101 cls hy bow e, 0, mass s corecon scheme vas s, o g ol pmvldes reasontieanalyss crements for WY chamnes (5 and
is promisin aly and  middedevel  amosphere

the  window impact
Nole Y o S runs, Whila SEVES to the run wih SEVIRI dta.
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Figure 5. Impact of SEVIRI data against observations
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Figure 6. Impact of SEVIRI data against analyses

GPS ZTD data: aeasbity

" GPS Zenith Total trough dataset of
and data processing centre. This approach leaded to 52 assmlam stations over the Norwegian domain. Trials experiment, that used an overestimation of the delay errors.
trough the we been one month (Feb. 2008)

A flat bias corection is used. Impact on i) against TEMP is small for all the parameters except for temperature, where it is positive in general.
A more rigorous formulation of observalions errors is under evaluation.
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Figure 7. Impact of GPS ZTD data on forecast of geopotential and temperature

B covariances from downscaled ensemble analysis

In e to vt bocayoure ovniances typial o el scles, ensembie srlyls ganersed at ECMWE (Krely provkled by L s
by perturbing observations in the assimilation, have been used after downscaling as inial and lateral boundary conditions for
ALADINHARMONIE-Norwiay 6 hours forecasts. iment uaed all i orinal 10 members. or & perod of  month (wo daly runs).
and differences between the true state of the atmosphere and the model forecasts have been simulated as differences between the ensemble
mean and the forecasts coming from each of 10 members inital conditions. Background error covariances follow Loik Berre's formulation.
Results have been extensively compared with background error covariances obtained through the "NMC” method, for a winter three-months.
el e a0 e 24 o oo A e [k el prchce e i ol ol o
the sent a very similar B statistics.
Analysis initialized by v using e e e T e background, and the forecasts show a better verification
scores after day 1. The two cross-sections on the left show different analysis increments for a 2 K single-obs innovation (brightness.
temperature for the channel 9 from NOAA-18), NMC B (ieft) against Ensemble B (right). Differences in analysis increments are very big
Verification (right side) compare an NMC-based experiment against an Ensemble-8 experiment.
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Figure 8. Analysis increments for a 2 K single-obs innovation
(brightness temperature for the channel 9 from NOAA-18)

Figure 9. Comparison of an NMC-based experiment
against an Ensemble-B experiment
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