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Introduction
NWP === initial/boundary value problem
Given
=» an estimate of the present state of the atmosphere (initial conditions)

=» appropriate surface and lateral boundary conditions the model simulates
or forecasts the evolution of the atmosphere.

=» The more accurate the estimate of the initial conditions, the better
the quality of the forecasts.

In case of a LAM, initial conditions can be provided by an operational global model

OR,
we can produce initial conditions through a statistical combination of observations
and short-range forecasts

=>» This approach is called data assimilation

The advantage of such a system is that it takes into account as many local
observations as possible



Problem with the available data

If the model state is overdetermined by the observations, the analysis
is reduced to an interpolation problem

But observations are inhomogeneous in space and time, and some are
indirectly related to the model variables in many geographical areas
= problem is well-posed, only if some background information is available

In some areas, observations are too dense = one must thin them

Observations are not perfect = we have to deal with observation errors
= screening, and bias correction for several types of observations
(e.g. satellite observations)
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Sources of observations — the global observing system

Real time available data:

Networks
Observations arrive through

- GTS (Global Telecommunication
System) in ASCII or BUFR format

- Direct Sat. Reception — (HRPT Station)
- Special TCP/IP lines
- Internet FTP in some cases

Providers

- All WMO countries for most of the
observation types

- Space agencies for Satellite observations
(Eumetsat, ESA, NESDIS, NASA,
DMSP)

- NMS for the local national data

Source: www.wmo.int




Types of observations

Conventional Observations
- Surface data:
- Synop, Ship
- Bathy, Tesac
- Buoy
- Upperair data:
- Airep, Amdar, Acar

- Temp, Temp-ship, Temp-mobil,
Temp-drop

- Pilot, Pilot-ship, Europrofil, Profiler
- Satob, Satgeo, geowind

Satellite Observations

->Meteosat:
- SEVIRI
- Clear sky radiances
- NOAA Atovs:
- Hirs, Amsua, Amsub, Mhs
- DMSP:
- Ssm/l
- AQUA:
-Airs



Need of ontrol and monitoring of the observations

The quality of the forecasts depends on the quality of the
observations (data) used in the data assimilation system

The data are not perfect : they contain errors of different kinds
and sources

The control and the monitoring of the data is important to
eliminate the wrong ones and determine the list of stations not to
be used : blacklist (or we can have a whitelist)

Importance of the feedback to the producers

|ldentification of local problems during the test of new
observations ...

Exchange of results with other centers : the WMO monitoring of
the observations is done by several national centers (for
example, ECMWEF is the lead center for monitoring the quality of
sonde data) = monthly control reports, SAF NWP efc ...



Need of ontrol and monitoring of the observations

General Principle of the data monitoring

Use of daily and monthly statistics of the observations against a
reference : a 6-hour forecast (called guess, or background)

This reference is interpolated at the obs point. We can define in the
observation space

O-G = (0O -0true) - (G - Gtrue ) — ( Gtrue — Otrue)
obs bias model bias scale bias

the observation errors and the model errors are

supposed to be not correlated

An observation is said to be suspicious when its statistics (compared
to the model) is too far away from that of the other observations



Need of ontrol and monitoring of the observations

Sources of model and observations errors

In the model (guess or background) :

Systematic errors of prediction

Lack of resolution

Weakness in the description of the physical processes
Errors in the starting point (analysis with not enough obs)
Amplification of errors (hydrodynamical instabilities)

In the observations :

Instrumental errors (little in most cases). These informations are
exchanged between the centers involved in the monitoring of the
observations.

Errors in the coding / decoding pocedures
Representativity / resolution of the model

Observation operator error (when calculating the values of the
model at obs points)



Need of ontrol and monitoring of the observations

Blacklisting the observations

Knowledge of the mean behaviour (in term of statistics of obs-guess) of the
observations

Defining thresholds of large errors (WMO thesholds for example)

Assessing each platform/station taking into account model and
representativity problems

Looking at the stability in time of the errors
Looking at the other observations available in the same region

Putting the observations in the blacklist file and removing them from there
when their quality becomes better
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Observation pre-processing

The blacklisting

Blacklist can be limited:

—> to a concrete parameter or group of parameters from a certain
platform/station

- to different geographical zones (Geo. sat. data)

NN o SN
\\ Ormin / / Prin
N OINXKXX

7‘“min Kmc’:lX

A

min }Lmax

- to different channels of satellite instruments

- to different pressure thicknesses (ex. applied for AMV and wind profiler
data)



Observation pre-processing

EX. Pre-processing of data at HMS

I Daabase

Pre-processing chain:

e

Reading of data Blacklisting and Complex quality
and coding of initialization of check and data
additional the observation errors selection

information



Observation pre-processing

Observation usage (in surface analysis)

Message type | Observation | Extracted Used parameters Parameter blacklisted or
type parameters not used
Surface ®Pmer Or Pst ePmer Or Pst following the efiles of blacklist identifiers
observation eU1om & Viom computed principle: eU1om andviom over land
SYNOP (over land and fromddiom & ffiom - if Zst <= 500 M, Prer eRR
SYNOP-SHIP | sea) o Tom converted into geopotential, | 4SF
eSST - if zt > 500 m, Pst converted | ¢ TTC
eHuzm computed from | Into geopotential.
Tom and Tdom eU1om andviom OVer sea
(TEMP e02m computed from *Tom
TEMP-SHIP Tom and Huzm *SST
TEMP-MOBIL eRR eHuzm
TEMP-DROP) oSE oCom
oTTC
Oceanic eUiom & Viom computed | eUiom & Viom efiles of blacklist identifiers
BATHY observations fromddiom & ffiom eTom
TESAC (bathymetric eTom oSST
sounding) eSST
Oceanic oPmer ePmer cOnverted into efiles of blacklist identifiers
observations eUiom & Viom cOmputed | geopotential
BUOY fromddiom & ffiom eUiom & Viom
oTom oTom
oSST oSST
Surface and efiles of blacklist identifiers
PILOT altitude
PILOT-SHIP observations eU1om & Viom computed | eUiom & Viom eUiom & Viom over land
EUROPROFIL | (land and sea fromddiom & ffiom
PROFILER radiosonding)




Observation pre-processing

Observation usage (in variational analysis)

Message type | Observation | Extracted Used parameters Parameter blacklisted or
type parameters not used
oZ ofiles of backlist identifiers

Uom & Viom computed
fromddiom & ffiom

Uiom & Viom OVer sea
eU & v on standard levels and

elevels under ground

Altitude and eu & vcomputed from | on significant levels eHu
TEMP surface dd & ff
TEMP-SHIP observations T on significant and standard
TEMP-MOBIL | (land,seaand | T levels eP < 300 hPa and on all standard
TEMP-DROP | airplane levels

radiosonding) | ¢Hy computed fronT ¢ on the significant and

andTd standard levels eUiom & Viom over land
e computed fronT
andHu oZ

Surface and eU1om & Viom computed | eUiom & Viom efiles of blacklist identifiers
PILOT altitude fromddiom & ffiom eu & Vv on the standard and eUiom & Viom over land
PILOT-SHIP observations eU & vcomputed from significant levels
EUROPROFIL | (land and sea dd & ff
PROFILER radiosonding)

Altitude eu & vcomputed from eu andv originated from SATOB
SATOB observations dd & ff in channels ou&v INSAT
SATGEO (geostationary VIS, IR andWV

satellite) eQuality indicator QI
GEOWIND

Multilevel eu & vcomputed from efiles of blaklist identifiers

observations dd & ff eHu
AIREP (aircraft oT IRAY
AMDAR messages) eHucomputed fronT | oT
ACAR

andTd. In practice,Td
is always missing




Observation pre-processing

Observation usage (Satellite radiances)

Message Observation type | Extracted Used parameters Parameters
type parameters blacklisted or not
used
°Th *Th in some channels, | *Tb in some channels,
«Sat identifier depending on the depending on the
«Scanning line nature of the surface | nature of the surface
1C level | Observation: S l (land, sea or ice), (land, sea or ice),
Radiances | multichannels can angte cloud fraction and cloud fraction and
_ (number of FOV)
Polar Satellites model orography model orography
»/Zenith angle
*Azimuth angle
*Satellite altitude

Channel number

Over Land
Over Sea
Over Seaice

Cloudy pixel

Example: Use of RAD1C AMSU-A

1 2 3

4 5 6
X X
X X

7

8 9 10
X X X
X X X
X X X
X X X

Over land channels 5 and 6 are used when the model orography is less than 500m and 1500m, respectively




Observation pre-processing

Selection of the observations

- Selection of observations

—> Select observations inside the LAM domain

Selected observations @ rejected observations




Observation pre-processing

The observation screening

- The screening is the last step of the pre-processing in data
assimilation

- We want to remove the wrong data and make the final choice inside
the set of data which are said to be potentially acceptable by the
control and the monitor

- We need to control them against the background, to verify their
vertical consistency and to thin them when their spatial resolution
Is too high



Observation pre-processing

The observation screening

1. = Preliminary check of observations

- Check of completeness of the reports

=» Check of the reporting practice for the surface & radio-
sonde mass observations [ Ps & © ]

—> Scanning for blacklisting :

=2 A check for the blacklisted parameters is applied to
discard the excessively noisy or biased observations.

=> A selection of variables useful for the analysis system
Is done using the data selection apart of the blacklist
file and the information hard-coded in the model
(orographic rejection limit, land-sea rejection...).



Observation pre-processing

The observation screening

This i1s when we assume that both the
observation and the background errors are
unbiased and the errors covariance,

=~ Itis p¢ associated with the probability distribution
| The va Of the Innovations to be Gaussian

2. = Backg

isimilation

by :

(y—H(x,).y _H(xb)>N0-02 "‘0'5

H- observation operator, y- observation array, ,and o, — observation

and background error standard deviations, < >- variance

| The estimate of variance for the normalized departure is

given by : 2
1+ % )=A4

2

b 2
-1t is very unlikely that (y—H(xb)] > n% A
0y,

In the literature it refers to the optimal interpolation quality control

- 01 QC



Observation pre-processing

The observation screening

3. = Vertical consistency of multilevel reports

- The duplicated levels, in multi-level reports, are removed
from the reports

- If 4 consecutive layers are found to be of suspicious quality
then these layers are rejected

4. = Removal of duplicated reports

- In case of co-located reports of the same observation types,
some or all of the content of one of the reports is rejected



Observation pre-processing

The observation screening

5. ® Redundancy check

- It is performed for the active reports that are co-located
and originate from the same station/platform

- For land SYNOP, the report closest to the centre of the
screening time window with most active data is retained

- The ship SYNOP are redundant if the moving platforms
are within a circle of 1 degree radius

- TEMP and PILOT from the same station are considered
at the same time in the redundancy check

- A SYNOP mass observation is redundant if there are any
TEMP geopotential height observations (made in the
same time and the same station) that are no more than
50hPa above the SYNOP mass observation



Observation pre-processing

The observation screening

6. = Thinning

—-> The horizontal and vertical resolutions of several types of
observations are too high to allow to use all of them in the
analysis (knowing that no horizontal correlation of
observation errors is supported)

-> A horizontal thinning is performed for the Aircraft (AIREP,
AMDAR, ...), the AMV (SATOP or GEOWIND) and the sat.
observations (ATOVS, SSM/I, AIRS, ...etc) reports

-> A vertical thinning is also performed for the Aircraft and the
AMV reports

- A predefined minimum horizontal distance between the
nearby reports from the same platform is enforced



Observation pre-processing

The observation screening

6/a. = Thinning of the Aircraft data

- A minimum distance is imposed.

—->We want to keep only one obs per box defined
horizontally by the minimum distance and vertically
around the standard or model levels

(in the ARPEGE/ALADIN : the screening is applied
separately to different flights
=» problem when in LAM DA we would like to use
these data in thinner resolution)



Observation pre-processing

The observation screening

6/a. = Thinning of the Aircraft data
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Observation pre-processing

The observation screening

DA: ALD/3DVAR Exp: WLAN
Date: 2004.12.22. HH: 12 UTC
Obs: AIREP  Reports (1965)

@ Active (1489) O Passive(0) @ Rojocted (476) @ Blacklisted (0)
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Observation pre-processing

The observation screening

6/b. = Thinning of the AMV data

- First a minimum distance is enforced

- Then a repeated scan is performed to achieve the
final separation

- We want to keep only one obs per box defined
horizontally by the minimum distance and

vertically around the standard levels



Observation pre-processing

The observation screening

DA: ALD/3DVAR Exp: WLAN
Date: 2004.12.22. HH: 12 UTC
Cbs: SATOB Reports (1136)

@ Active (165) © Passive(0) @ Rajected (971) @ Blacklisted (0)
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Observation pre-processing

The observation screening

6/c. = Thinning of the Satellite data

- First a minimum distance is enforced.

- Then a repeated scan is performed to achieve the final
separation.

DA: ALD/3DVAR Exp: Oper Long Cut-oft
Date: 2006.06.04. HH: 00 UTC
Sat: NOAA-17 Sens: AMSU-B Ch: 4 Dep: An — Guess

Num=373 Mean=0.46 STD=2.23




Observation pre-processing

The observation screening

#++ POR WHOLE CBSERVATION ARRAY

STATUS SUMMARY OF HREPORTSE:

1- Surface observations

CB.TYPF REPORTS ACTIVE PASSIVE REJECTED BLACKLISTED

- - 1 755 758 0 i 0
2- Aircraft observations 5 1851 1895 0 26 0
3 0 0 0 o 0
5- Radiosonde observations ¢ 0 2 0 o 0
& & & i) 4] ]
_ _ 5 0 0 0 0 0
7- Satellite observations 7 6104 274 0 6030 o
H [N 1] 0 ] [i]
g 0 0 0 0 i
Lo 0 0 0 ] i
TOT gaz0 28R3 0 G057 0
STRATUS SUMMARY OF DATA:
OB.TYP DATA ACTIVE PASSIVE EEJECTED EBLACKELISTED
1 1849 2829 2016 2020 o
) 5523 5417 2 L0& i1
k| 0 0 0 ] 0
4 f 0 0 o o
5 1057 299 153 158 [i]
5 [N 0 0 ] 4]
1 28629 576 0 28053 20078
g [ 0 0 (] 4]
9 0 i} 0 ] ]
10 0 0 0 o 0
TCOT JO058 9721 2171 30337 20108



Variational analysis

Variational analysis and gquality control

Good data s Analysis

First guess l

Minimization of the cost function

J0) = () B )+ () =) R (H ) )

e _/
y

J (x)- obs. cost function

\With the assumption that errors are Gaussian

in nature

y—H(x)
If the observations errors are uncorrelated, J (x) Z { }

then J (x) simplifies to:

The general expression for the observation
cost function is based on the probability

density function (pdf) of the observation / \
error distribution (Lorenc 1986)

J, =—In p+const

P is the pdf Arbitrary constant chosen

of obs. error Jo=0 when y=H(x )




The variational QC

=>» The normal (Gaussian) distribution (N) N = #exp
o N2

Variational analysis

1 (y—H(x)

2 o

o

. . oC
=> In an attempt to better describe the tails of = (1— AN + ApG

the observed distributions, the pdf is written
as a sum of two distinct distributions by

Ingleby and Lorenc (1993), see also Normal
Andersson and Jarvinen (1999). distribution (pdf)
for “good” data

= In VarQC a non-Gaussian pdf will be used, resulting a
non-quadratic expression for Jo.

\

:

pdf for data
affected by
Lgross errors.
A is the prior
probability of
gross error

=» Data which are found likely to be incorrect are given reduced weight

in the analysis.

= VarQC requires a good “preliminary analysis”. Otherwise incorrect QC-decision

will occur.

=» Therefore, in operational VarQC is switched on after certain iterations.




Variational analysis

The variational QC

Gauthier et al., 2003: Describing the advantage of the VarQC
in addition to the Ol one.
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Data assimilation scheduling

Assimilation cycle

48 48h 48h
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(Courtesy Boloni)
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Data assimilation scheduling

Assimilation cycle - schedule

02:4515:15

052000 6:50 05:2517:55

(Courtesy Boloni)



Data assimilation scheduling

Assimilation cycle - Choice of coupling files
Lateral boundary conditions

LBC LBC LBC LBC LBC LBC LBC

T T
DATA , DATA. DATA

Strategies in ALADIN (Courtesy Boléni)




Data assimilation scheduling

Assimilation cycle - Choice of coupling files
Lateral boundary conditions

BG +000 hours +003 hours +006 hours
forecast

12—+ 18
18 — OO
short short short

(Courtesy Boloni)




Surface analysis

The surface analysis

surface field
1. Take the ARPEGE

2. Local Ol analysis

12 UTC

short

Iong

(Courtesy Boloni)




Data assimilation scheduling

Archive

Purpose: reproducible assimilation cycle

‘ Raw data short & long cut-off
@
W




Need of data assimilation monitoring

Need of the DA system monitoring

=» Once the system is ready for operational suite, we need to build a
post-processing able to give complex description about the use and
the quality of different observations involved in the assimilation process

=> The post-processing is needed to meet technical and scientific aspects
of the analysis system il
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= We need system
ready to diagnose an experimental run

Need of data assimilation monitoring

DA: ALD/3NVAR FEvn-WI AN
Period: 2004.12.1
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Need of data assimilation monitoring
=>» Ready to diagnose the operational run

.D/3DVAR Exp: Oper Long Cut-off
Date: 2006.06.04. HH: 00 UTC

DA: ALD/3DVAR Exp: Oper Long Cut-off

_ Datte: 2006.06.04. HH: 00 UTG DA: ALD/3DVAR Exp: Oper Long Cut-off 7 Sens: AMSU-B Ch:4  Dep: An — GLess
_ SatNOAA-17 Sens: AMSU-B Ch: 4 Var: (8684 Period: 2006.06.02-2006.06.08 HH: 12 UTC NUm_378 Mean-0.46 STD-2.23
@ Active (377) D Passiva(0) @ Fejscted (3211) @ Blact Obs: TEMP Var: T {c} 500 hPa — — —

#® Cbs—Guess (mean & std) @ Cbs—An (mean & std)

Mean [Z)

Active obs num
—t
o
=
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Summary

= We saw the importance of the continuous observation monitoring to
guarantee the use of “good observations” through the blacklisting
technique

=>\We discussed the process of data quality control in LAM data
assimilation system

= \We showed how data assimilation scheduling is built up

=2 A complex monitoring system is needed to ensure an effective
operational data assimilation



Thank you for your attention !
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