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● What is Data Assimilation?
In atmospheric sciences, Data assimilation (DA) is the process through which a 
model is combined with a set of recent observations in order to provide a better 
representation (analysis) of the present state of the atmosphere. By doing this, 
DA algorithms are usually employed to provide initial conditions for the 
Numerical Weather Prediction (NWP) models, which in turn advance such a state of 
the atmosphere in the future.

● How does DA work?
DA algorithms are of two types: sequential or variational. They often assume 
Gaussian statistics for both the observations and the model state and produce an 
equivalent analysis. In our study we will employ a sequential DA scheme called 
Ensemble Kalman Filter (EnKF).

● What is an Ensemble Kalman Filter?
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Our starting point is Kent et al.[1,2]:
➔ A modified shallow water equations model modified to take into account clouds, 

convection and precipitation;
➔ Wide range of atmospheric processes, from the large-scale geostrophic balance 

down to the convective-scale dynamics.

➔ A compromise between: 

● complexity of the dynamics reproduced by the model;
● computational affordability (model suitable for relatively inexpensive DA 

experiments via en Ensemble Kalman Filter).

➔ Results from DA simulations[2]:
✔ satisfactory performances of the forecast-assimilation system (the RMSE of the 

ensemble mean is comparable to the ensemble spread)
✔ realistic features in terms of observational influence on the analysis and error 

growth rates, if compared to those typical of a NWP Data Assimilation cycle at a 
convection-resolving scale.

➔ Given the usefulness of the model described in [1,2] for DA purposes [2], and since 
clouds are a key area of interest for satellite Data Assimilation, we will try to 
implement a radiative scheme and mimic the assimilation of satellite data.
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Future developments
● What do we want to study and why?

 Premise: Clouds are a key area of interest for satellite Data Assimilation.
 Issue: the impact of satellite radiance observations into a Data Assimilation scheme:

➢ What role does the scale of such satellite observations play?
↳ different types of cloud (and weather) systems in terms of height, structure and extension;
↳ different error growths affecting NWP models at different scales: 

 at larger scales, errors can impact on the arrival time of synoptic scale systems (fronts, extra-tropical cyclones)
 at smaller scales, errors influence the depiction of convective systems.

 What do we plan to do?
 To implement an idealised radiative transfer model into the model developed by T. Kent:

➢ the temperature will be proportional to the geopotential height since the equations are incompressible; 
➢ the brightness temperature will be modeled treating the fluid as a black body (i.e. Rayleigh-Jeans law).

 To test the model for Data Assimilation purposes.
 exchange feedbacks with the Data Assimilation and Ensembles Research & Development and Satellite Application teams at the

Met Office, the UK's National Weather Service(**);
 possible further investigation about biases in radiance observations.

● What should we expect to find?
 A great deal of possible tuned configurations for the model (i.e. a variety of weather conditions) to be considered;
 how the assimilation of radiance data at different length-scales impacts on model variables (temperature, rain, 

geopotential height) and at which scale.
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Figure 6 (top): satellite image (METEOSAT, visible 
channel) captured in the afternoon of Wednesday 
25th October 2017 (source: sat24.com).
Figure 7 (bottom): various small scale convective 
systems as seen from the International Space Station 
over New Zeland (credits: Expedition 42 Flight 
Engineer Samantha Cristoforetti).

Figure 4 (right): Non-rotating 
flow over topography at 
different times. Sources: [1,2]

Figure 5: Ensemble trajectories and their average, observations and 
nature run after 36 hours/cycle. Left column: forecast ensemble; 
right column: analysis ensemble.  Source: [2] 

Figure 1: A network 
of real-time 
bservations (left 
picture) and model 
data (right picture) 
are the two essential 
ingredients in a 
typical Data 
Assimilation scheme 
for NWP models.

Figure 3: Kent et al.'s model [1,2] system of equations. Variables: u, v: horizontal velocities; h: fluid depth; 
r: rain mass fraction; b: topography; f: Coriolis parameter; g: gravitational acceleration; p: effective 
pressure. Hc and Hr are threshold variables triggering convection and precipitation, respectively.  

Figure 2: A schematical representation of an EnKF provided in [2]. Bold 
capital letters (Pf

e
,Pa

e
,R) represent error covariance matrices. Ensemble 

members are labeled by the index j. Overlines represent ensemble mean. 
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