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Why do we need data assimilation?

ÅPhysical parameterizations used in NWP models are constantly being 
improved:

Ą more and more prognostic variables (cloud variables, precipitation, aerosols),
Ą more and more processes accounted for (e.g. detailed microphysics).

ÅHowever, they remain approximate representations of the true atmospheric 
behaviour .

ÅAnother way to improve forecasts is to improve the initial state .

ÅThe goal of data assimilation is to periodically constrain the initial conditions 
of the forecast using a set of accurate observations that provide our best  
estimate of the local true atmospheric state.

ÅBy construction, numerical weather forecasts are imperfect :

ă discrete representation of the atmosphere in space and time (horizontal 
and vertical grids, spectral truncation, time step)

ă subgrid - scale processes (e.g. turbulence, convective activity) need to be
parameterized as functions of the resolved -scale variables.

ă errors in the initial conditions .



General features of data assimilation

ÁGoal: to produce an accurate four dimensional representation of the
atmospheric state to initialize numerical weather prediction
models.

ÁThis is achieved by combining in an optimal statistical way all the
information on the atmosphere, available over a selected time 
window (usually 6 or 12 hours):

VObservations with their accuracies (error statistics),

VShort - range model forecast (background) with associated error
statistics,

VAtmospheric equilibriums (e.g. geostrophic balance),

VPhysical laws (e.g. perfect gas law, condensation)

ÁThe optimal atmospheric state found is called the analysis .



Which observations are assimilated?

Operationally assimilated since many years ago:

* Surface measurements (SYNOP, SHIPS, DRIBU,é),

* Vertical soundings (TEMP, PILOT, AIREP, wind profilers,é),

* Geostationary satellites (METEOSAT, GOES,é)
Polar orbiting satellites (NOAA, SSM/I, AIRS, AQUA, QuikSCAT,é):  

- radiances (infrared & passive microwave in clear -sky conditions),
- products (motion vectors, total column water vapour, ozone,é).

More recently:

* Satellite radiances/retrievals in cloudy and rainy regions (SSM/I, TMI),
* Precipitation measurements from ground- based radars and rain gauges.

Still experimental:

* Satellite cloud/precipitation radar reflectivities/products (TRMM, CloudSat),
* Lidar backscattering/products (wind vectors, water vapour) (CALIPSO),
* GPS water vapour retrievals, 
* Satellite measurements of aerosols, trace gases,....
* Lightning data (TRMM -LIS).



Why physical parameterizations in data assimilation?

ÁIn current operational systems, most used observations are directly or
indirectly related to temperature, wind, surface pressure and humidity
outside cloudy and precipitation areas (~ 8 million observations assimilated
in ECMWF 4D-Var every 12 hours) .

ÁPhysical parameterizations are used during the assimilation to link the
modelõsprognostic variables (typically : T, u, v, qv and Ps) to the observed
quantities (e.g. radiances, reflectivities, é).

ÁObservations related to clouds and precipitation are starting to be
routinely assimilated,

Ą but how to convert such information into proper corrections of the
modelõsinitial state (prognostic variables T, u, v, qv and, Ps) is not so
straightforward .

For instance, problems in the assimilation can arise from the discontinuous
or nonlinear nature of moist processes.



Improvements are still neededé 

ÁMore observations are needed to improve the analysis and forecasts of:

ÁMesoscale phenomena (convection, frontal regions),
ÁVertical and horizontal distribution of clouds and precipitation,
ÁPlanetary boundary layer processes (stratocumulus/cumulus clouds),
ÁSurface processes (soil moisture),
ÁThe tropical circulation (monsoons, squall lines, tropical cyclones).

ÁRecent developments and improvements have been achieved in:

ÁData assimilation techniques (OI Ą 3D-Var Ą 4D-Var),

ÁPhysical parameterizations in NWP models (prognostic schemes,
detailed convection and large -scale condensation processes),

ÁRadiative transfer models (infrared and microwave frequencies),

ÁHorizontal and vertical resolutions of NWP models (currently at 
ECMWF: T1279 ~ 15 km, 91 vertical levels),

ÁNew satellite instruments (incl. microwave imagers/sounders, 
precipitation/cloud radars, lidars,é).



Observations
with errors

a priori information from model: 
background state with errors

Data assimilation system 
(e.g. 4D-Var)

Analysis

Forecast

NWP model

Physical parameterizations are needed:

- to link the model variables to the observed quantities,

- to evolve the model state in time during the assimilation (e.g. 4D-Var) .

To summarizeé



Empirical initialization

Example from Ducrocq et al. (2000), Météo -France:

- Using the mesoscale research model Méso-NH (prognostic clouds and precipitation) .

- Particular focus on strong convective events .

- Method : Prior to the forecast :

1) A mesoscale surface analysis is performed (esp. to identify convective cold pools)

2) the model humidity, cloud and precipitation fields are empirically adjusted to
match ground-based precipitation radar observations and METEOSAT infrared
brightness temperatures .

Radar

METEOSAT



Study by Ducrocq 
et al. (2004) with 
2.5-km resolution 
model Méso-NH
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