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Principal Investigator: Jelena Bojarova

Project Title: Consistent HarmonVar-EPS system

Extended abstract

The  completed  form  should  be  submitted/uploaded  at  https://www.ecmwf.int/en/research/special-projects/special-
project-application/special-project-request-submission. 

All Special Project requests should provide an abstract/project description including a scientific plan, a justification of
the computer resources requested and the technical characteristics of the code to be used.

Following submission by the relevant Member State the Special Project requests will be published on the ECMWF
website and evaluated by ECMWF as well as the Scientific Advisory Committee. The evaluation of the requests is based
on the following criteria: Relevance to ECMWF’s objectives, scientific and technical quality, disciplinary relevance,
and justification of the resources requested. Previous Special Project reports and the use of ECMWF software and data
infrastructure will also be considered in the evaluation process.

Requests asking for 1,000,000 SBUs or more should be more detailed (3-5 pages). Large requests asking for 10,000,000
SBUs or more might receive a detailed review by members of the Scientific Advisory Committee.

The application is about the development of convective scale HarmonVar-EPS data assimilation
system.

Introduction.

The HIRLAM (High Resolution Limited Area Model) international research programme is being
carried  out by the HIRLAM-C consortium (2016-2020) and is focused on further developments of
the convective scale HARMONIE (HIRLAM ALADIN Research on Mesoscale Operational NWP
In Europe)  forecasting  system (Bengtsson et  al  2017).  The HARMONIE system includes  data
assimilation,  the  forecasts  model,  the  surface  data  assimilation  and  modelling  and  the  high-
resolution ensemble prediction system. At present the HARMONIE forecasting system is using a
3D-Variational  data  assimilation  scheme  for  operational  applications  (Fischer  et  al  2005).  The
assumptions  behind  the  3D-Var,  the  limitations  of  the  scheme  and  their  consequences  on  the
performance  of  HARMONIE  forecasting  system  at  meso-scales  are  discussed  in
Bojarova&Gustafsson, 2019. The development of the ensemble variational system, that would be
able  to  consistently  integrate  together  a  variational  data  assimilation  scheme and  an  ensemble
prediction system, is one the strategic goals of the HIRLAM-C programme and one of the main
research directions in the LAM meteorological community (Gustafsson et al, 2017).  While most of
individual  components  of  such  a  system  are  already  in  place,  including  several  schemes  for
generation of the initial conditions perturbations, the EnVar scheme will allow the use of flow-
dependent  ensemble  based  background  error  statistics  and  a  computationally  efficient  multi-
incremental 4D-VAR scheme with multiple outer loops will allow to handle weak non-linearities,
the integration of these components together into a scheme  powerful from both deterministic and
probabilistic perspectives will require further developments and an extensive testing.  This special
project will concentrate on the inter-comparison of the available schemes for generation of initial
condition perturbations both from the probabilistic point of view to predict severe weather events
and on their ability to  adequately sample the forecast error growth on meso-scales for a very short
range ensemble. The further improvements  of the variational schemes  to allow them to utilize the
full potential of the ensemble environment will be done in addition. The work will be carried out in
a close  coordination with the  HIRLAM-C and the MetCoOp (Müller  et  al  2017)  programmes.
While the focus of HIRLAM-C lies on the algorithmic developments (advance 3DEnVar first to the
level of 4D-VAR Hybrid and later on with 4DEnVar capabilities) and  the focus of the MetCoOp
lies  on  the  computational  efficiency  of  the  algorithms  (multi-incremental  multiple  resolution
environment), the focus of this special project will be devoted to  the validation and the final tuning
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of the scheme on its optimal performance, including such aspects as covariance localisation and
space-scale dependent decomposition of the ensemble.

A) Methods for initial condition perturbations 

The  overview  of  the  HarmonEPS  system,  its  operational  status  and  directions  of  further
developments can be found in Frogner et al 2019. Within this special project we will concentrate on
inter-comparison of 4 different schemes for generation of initial conditions perturbations (EDA,
BRAND, LETKF and FORCING) . While the performance of the medium range forecast ensemble
(18 h-36 h) is a focus of many on-going studies, the behaviour of the ensemble at a very short range
(2h-12h)  is  less  well  understood,  in  particular  at  short  convective  scales.  In  addition  to  the
generation of perturbations, there are indications that the behaviour of the forecast ensemble at the
very short  forecast ranges is strongly contaminated by the ensemble generation approach.  The
generation  of  perturbations  is  always  associated  with  imbalances  that  can  provoke  spin-up
processes, which are usually manifested as excess of the precipitation at early forecast ranges.   The
aim of our studies is to better understand the influence of the ensemble generation methods on the
properties  of the short  range Ensemble Prediction Systems.  The emphases will  be done on the
probabilistic  forecasting  of  severe  convective  precipitation  events.  The  initial  condition
perturbations that will be tested are listed below.

  A1.) EDA :

The EDA system is a default scheme for initial condition perturbations in MEPS (MetCoOp EPS).
The  variability  of  EDA (Ensemble  of  Data  Assimilation  Runs)  system  originates  from  the
variability  imposed in observation space. The observations in the HarmonEPS EDA system are
perturbed in a similar way as what  is described in Isaksen at al, 2007. Conventional observations
(SYNOP, SHIP, AIREP, Buoys, TEMP, Profiles) and radiances (AMSU-A, AMSU-B/MHS, IASI)
for the Upper Air and T2m and RH2m for the surface are perturbed independently in different
locations   according to a Gaussian PDF with standard deviations of  the assumed observation
errors. Different realisations of such artificial perturbations are assimilated into different ensemble
members. These members serve as initial conditions for EDA system.  EDA system perturbations
are computed against the ensemble mean or against the ensemble control run (assimilates original
unperturbed observations) dependent on the configuration. There are indications that properties of
the observing network, in particular its density and quality, may contaminate the EDA system at
very early forecast ranges (Bojarova&Gustafsson, 2019).

  A2.) BRAND:   

BRAND  perturbations  are  based  on  a  randomization  of  the  climatological  background  error
covariance. A similar approach for perturbing initial conditions is applied in Raynaud &Bouttier,
2016. BRAND perturbations are  generated as  standard Gaussian random numbers  in  the entire
control  vector  space  and  are  transformed  to  the  model  space  through  the  square-root  of  the
background error covariance. In EPS mode the “i”-th BRAND perturbation is added to either the
“i”-th  ensemble  member  first-guess  or  the  “i”-th  ensemble  member  analysis  dependent  on
configuration. Then a non-linear model is applied to propagate the BRAND system forward in time.
The  spread  of  the  BRAND  ensemble  in  EPS  mode  is  controlled  by  assimilating  the  same
observations to all ensemble members. There is a possibility to control how strongly the ensemble
members  are  drawn  to  the  observations.  Although  BRAND  perturbations  are  drawn  from  the
climatological background error covariance, the BRAND ensemble in the EPS mode reflects flow-
dependency and has larger spread in the areas where the model evolution is sensitive to the initial
conditions and smaller spread in the areas with the dense observation coverage (see Frogner et al,
2019, for more details).
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A3.) FORCING

In  stead  of  perturbing  the  initial  conditions  there  is  also  the  possibility  to  perturb  the  model
tendency in a controlled manner. The computation of this type of tendency perturbations constrains
the norm of the tendency in terms of total energy metric and looks for tendency perturbations that
have the largest response in some prescribed metric after some lead time. During this lead time the
same tendency perturbation is applied at every time step for some prescribed time after which the
perturbation is switched off. These perturbations can be regarded as a generalization of the regular
initial condition singular vectors. They have been used in various studies, such as in the context of
climate runs in order to efficiently perturb non-linear model runs.  More detail  can be found in
(Barkmeijer et al, 2003; Schrier et al , 2018)

  

 A4.) LETKF:

The LETKF (Local Ensemble Transform Kalman Filter ) scheme is an ensemble-based Upper Air
data assimilation scheme implemented in the HARMONIE Forecasting system. In contrast to the
variational data assimilation schemes, which are carried out in the spectral space, the LETKF is a
grid-point scheme which performs an  analysis locally at each point (Hunt et al, 2004). Because of
its local nature, the LETKF scheme is highly scalable and numerically very efficient. The technical
implementation of the LETKF in the HARMONIE forecasting system follows closely the one at the
ECMWF. Details  on the implementation and the performance of the algorithm can be found in
Hamrud et al 2015 and Bonavita et al 2015. The LETKF scheme is powerful in sampling flow-
dependent  structures  and  identifying  dynamically  active  directions.  At  the  same time  the  local
nature of the algorithm may lead to the excitation of the inertial-gravity waves in the short range
forecasts. In the HARMONIE forecasting system the LETKF scheme is integrated into the Hybrid
Gain  environment  where  the  LETKF perturbations  (the  ensemble  member  minus  the  ensemble
mean)  might  be  re-centred  around  the  control  analysis,  which  employs  variational  (spectral)
scheme to perform the analysis.   

All initial conditions perturbations will be tested in the Hybrid EnVar environment where they will
be used to represent the flow-dependent error-of-the-day uncertainty.  The Hybrid EnVar system
allows to combine  the full-rank climatological  and ensemble-based flow-dependent  background
error  statistics.  The  quality  of  the  control  forecast  in  the  HybridEnVar  system will  serve  as  a
measure  of a  quality  of the  initial  conditions perturbation schemes in  their  ability  to  sample
adequately the forecast  error  at  the early forecast  ranges.  The “best-choice” initial  perturbation
scheme for convective-scale developments which will score best from probabilistic/deterministic
point of view will be identified.

B.) Development of the HarmonVar-EPS framework

B1.)  HARMONIE Hybrid 3D-EnVar

The  HARMONIE Hybrid  3D-EnVar  scheme  is  already  implemented  since  CY40h1.1.1  and  is
phased into CY43 (develop branch). The HARMONIE Hybrid 3D-EnVar  is based on the so-called
alpha control variable approach (Lorenc 2003) and it closely follows the implementation described
in Gustafsson et al 2014. In addition, the HARMONIE   Hybrid 3D-EnVar system is extended with
a  possibility  to  treat  multiple  scales  (as  in  Buehner&Shlyaeva  2015).  The  performance  of  the
HybridEnVar scheme depends strongly on the quality of ensemble and its ability to sample enough
forecast  error  growth  directions.  A small  size  ensemble  can  be  a  limitation.  The  covariance
localisation is  a known approach to remedy the severe rank-deficiency to a certain extent.  The
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space-scale dependent localisation may help to make the scheme more flexible with a less severe
localisation. The optimal setup of such a system has to be found through testing. 

B2.)  HARMONIE 4D-VAR

The  multi-incremental  multiple  resolution  HARMONIE  4D-VAR  with  several  outer  loops  is
implemented  since  CY40h.  Recently  it  was  extended with  the  large  extension  zone possibility
during the minimization step. This option allows to run HARMONIE 4D-VAR on smaller domains
without a detrimental effect of the horizontal wrap-around of the increment. Advantages of multi-
incremental formulation with several outer loops for treatment of non-linearities is discussed in
Gustafsson et al, 2012. The HARMONIE 4D-VAR scheme will be used as a reference system for
the experiments.   

B3.)  HARMONIE Hybrid 4D-VAR

The  HARMONIE  4D-VAR  scheme  is  to  be  extended  with  a  Hybrid  environment,  including
possibility for multi-incremental minimization with multiple resolutions (HIRLAM-C Programme),
as in Gustafsson et  al  2014. The “best-choice” initial  perturbation scheme will  be tried  in the
HARMONIE Hybrid 4D-VAR framework. The optimal configuration of such a scheme including
the size of  ensemble, strategy for ensemble lagging, length of the 4D-VAR window, the length
scales   of  the  localisation  and  the  ensemble  forecast  range  has  to  be  established  from  the
experimentation. The extension of the HARMONIE 4D-VAR scheme with the Hybrid Environment
seems  to  be  a  natural  step  when  the  convective  scale  ensemble  is  a  part  of  the  operational
production.  Even  if  the  4D-VAR scheme  is  known  as  computationally  demanding,  the  multi-
incremental  minimization  with  multiple  resolutions  helps  to  reduce  the  computational  costs
significantly and make the scheme an affordable candidate for operational applications. 

B4).  HARMONIE 4D-En-Var

The HARMONIE 4D-En-Var scheme that  utilizes the non-linear  ensemble evolution instead of
tangent-linear and adjoint model to describe the propagation of the increment will be developed on
the basis of the HARMONIE Hybrid 4D-VAR. The main emphases will be on the optimal settings
for  the  covariance  localisation  scheme including formulation  of  the  space-time correlations  for
different localisation lengthscales. The 4D-En-Var scheme has been shown to be very successful for
synoptic scale applications (Gustafsson&Bojarova, 2014) both due to reduced computational costs
and due to the strength of consistent treatment of complex dynamical structures. At the same time
the performance of the 4D-En-Var scheme is strongly dependent on the quality of ensemble.  

Plan of the implementation and configuration of the experiments. 

2020:

  Setup  optimal  configuration  of  the  Hybrid  3D-EnVar  framework  (spatial  scale  dependent
decomposition of the ensemble, vertical localisation, form of the auto-correlation function for the
covariance  localisation).   Test  of  the  initial  condition  perturbations  (EDA,  BRAND,  LETKF,
FORCING)  in  the  optimal  HARMONIE  Hybrid  3D-EnVar  framework.   The  “best-choice”
ensemble generation scheme to be selected.  

     In parallel. The development of the HARMONIE Hybrid 4D-VAR scheme 

2021:

    Test of the  optimal HARMONIE Hybrid 4D-VAR configuration: ensemble size, lagging strategy,
ensemble forecast range using the “best-choice” ensemble. HARMONIE 4D-VAR reference run for
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the performance of the control member. HARMONIE 3D-EnVar reference run with the optimal
configuration of the ensemble.   

   In parallel,  development of the HARMONIE  4D-En-Var scheme. The implementation of the
HARMONIE 4D-En-Var requires a certain level of code refactoring. It is unclear at the moment if
this level is available within the LAM release of CY43. 

2022: 

   Test  of the optimal configuration of the HARMONIE 4D-En-Var scheme (formulation of the
space-time localisation for different spatial scales, size of ensemble, lagging strategy). Comparison
of the meteorological  performance versus costs  between HARMONIE Hybrid schemes and the
decision on HarmonVar-EPS system.

 

Justification of the computer resources needed.

DA-EPS experiments are usually expensive. 

2020: We will run test experiments over a smaller domain that it used operationally (the so called
DKCOEXP  domain  :  648x648  horizontal  grid  points,  65  vertical  levels,  2.5km  horizontal
resolution). In order to save computer resources we will release 30 hours long forecasts twice a day.
This makes approximately 160,000 SBUs for a 11 member (10 members + control run) ensemble
for  a  day  of  experiment.  In  order  to  get  statistically  reliable  information  we  have  to  run  an
experiment for at least a 2 week period, what makes  2,2MSBUs per experiment. During the first
year,  we  consider  to  run  at  least  8  experiments  (4  experiments  to  determine  the  optimal
configuration of the HARMONIE Hybrid 3D-EnVar system + 4 experiments for different schemes
for initial conditions perturbations).  This makes 18 MSBUs in total. 

We ask for the same amount of the resources for next 2 years even if the computational cost of the
4D-VAR system is higher. 

2021: The  work  on HARMONIE 4D-VAR Hybrid  and HARMONIE 4D-En-Var  is  in  the  less
mature stage. Additional national resources and the resources of the HIRLAM-C programme will be
used  for  the  experimentations.  Because  4D-Var  experiments  are  more  expensive  we  estimate
3MSBUs per experiment. 18MSBUs will allow us 6 experiment.    

2022:  Based  on  the  outcomes  of  the  test  experiments,  the  optimal  configuration  of  the
HarmonVAR-EPS will  be  defined.  The  test  of  the  HarmonVAR-EPS will  be  done  on a  larger
domain (so called METCOOP B (or a corresponding one, used by other operational consortia) :
750x960 grid-points, 65 model levels, 2.5 km resolution ). This results in 275TSBUs for a day of
test, or ≈ 3,85 MSBUs for a two weeks experiment (using 10 ensemble members). 18MSBUs will
allow  us  to  run  4  experiments  with  increased  number  of  ensemble  members  (2  alternative
experiments  over  summer/winter  period).  The  reference  runs  will  be  done  utilizing  additional
national resources.
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	A2.) BRAND:
	BRAND perturbations are based on a randomization of the climatological background error covariance. A similar approach for perturbing initial conditions is applied in Raynaud &Bouttier, 2016. BRAND perturbations are generated as standard Gaussian random numbers in the entire control vector space and are transformed to the model space through the square-root of the background error covariance. In EPS mode the “i”-th BRAND perturbation is added to either the “i”-th ensemble member first-guess or the “i”-th ensemble member analysis dependent on configuration. Then a non-linear model is applied to propagate the BRAND system forward in time. The spread of the BRAND ensemble in EPS mode is controlled by assimilating the same observations to all ensemble members. There is a possibility to control how strongly the ensemble members are drawn to the observations. Although BRAND perturbations are drawn from the climatological background error covariance, the BRAND ensemble in the EPS mode reflects flow-dependency and has larger spread in the areas where the model evolution is sensitive to the initial conditions and smaller spread in the areas with the dense observation coverage (see Frogner et al, 2019, for more details).
	A3.) FORCING
	In stead of perturbing the initial conditions there is also the possibility to perturb the model tendency in a controlled manner. The computation of this type of tendency perturbations constrains the norm of the tendency in terms of total energy metric and looks for tendency perturbations that have the largest response in some prescribed metric after some lead time. During this lead time the same tendency perturbation is applied at every time step for some prescribed time after which the perturbation is switched off. These perturbations can be regarded as a generalization of the regular initial condition singular vectors. They have been used in various studies, such as in the context of climate runs in order to efficiently perturb non-linear model runs. More detail can be found in (Barkmeijer et al, 2003; Schrier et al , 2018)
	
	A4.) LETKF:
	The LETKF (Local Ensemble Transform Kalman Filter ) scheme is an ensemble-based Upper Air data assimilation scheme implemented in the HARMONIE Forecasting system. In contrast to the variational data assimilation schemes, which are carried out in the spectral space, the LETKF is a grid-point scheme which performs an analysis locally at each point (Hunt et al, 2004). Because of its local nature, the LETKF scheme is highly scalable and numerically very efficient. The technical implementation of the LETKF in the HARMONIE forecasting system follows closely the one at the ECMWF. Details on the implementation and the performance of the algorithm can be found in Hamrud et al 2015 and Bonavita et al 2015. The LETKF scheme is powerful in sampling flow-dependent structures and identifying dynamically active directions. At the same time the local nature of the algorithm may lead to the excitation of the inertial-gravity waves in the short range forecasts. In the HARMONIE forecasting system the LETKF scheme is integrated into the Hybrid Gain environment where the LETKF perturbations (the ensemble member minus the ensemble mean) might be re-centred around the control analysis, which employs variational (spectral) scheme to perform the analysis.
	All initial conditions perturbations will be tested in the Hybrid EnVar environment where they will be used to represent the flow-dependent error-of-the-day uncertainty. The Hybrid EnVar system allows to combine the full-rank climatological and ensemble-based flow-dependent background error statistics. The quality of the control forecast in the HybridEnVar system will serve as a measure of a quality of the initial conditions perturbation schemes in their ability to sample adequately the forecast error at the early forecast ranges. The “best-choice” initial perturbation scheme for convective-scale developments which will score best from probabilistic/deterministic point of view will be identified.
	B.) Development of the HarmonVar-EPS framework
	B1.) HARMONIE Hybrid 3D-EnVar
	The HARMONIE Hybrid 3D-EnVar scheme is already implemented since CY40h1.1.1 and is phased into CY43 (develop branch). The HARMONIE Hybrid 3D-EnVar is based on the so-called alpha control variable approach (Lorenc 2003) and it closely follows the implementation described in Gustafsson et al 2014. In addition, the HARMONIE Hybrid 3D-EnVar system is extended with a possibility to treat multiple scales (as in Buehner&Shlyaeva 2015). The performance of the HybridEnVar scheme depends strongly on the quality of ensemble and its ability to sample enough forecast error growth directions. A small size ensemble can be a limitation. The covariance localisation is a known approach to remedy the severe rank-deficiency to a certain extent. The space-scale dependent localisation may help to make the scheme more flexible with a less severe localisation. The optimal setup of such a system has to be found through testing.
	B2.) HARMONIE 4D-VAR
	The multi-incremental multiple resolution HARMONIE 4D-VAR with several outer loops is implemented since CY40h. Recently it was extended with the large extension zone possibility during the minimization step. This option allows to run HARMONIE 4D-VAR on smaller domains without a detrimental effect of the horizontal wrap-around of the increment. Advantages of multi-incremental formulation with several outer loops for treatment of non-linearities is discussed in Gustafsson et al, 2012. The HARMONIE 4D-VAR scheme will be used as a reference system for the experiments.
	B3.) HARMONIE Hybrid 4D-VAR
	The HARMONIE 4D-VAR scheme is to be extended with a Hybrid environment, including possibility for multi-incremental minimization with multiple resolutions (HIRLAM-C Programme), as in Gustafsson et al 2014. The “best-choice” initial perturbation scheme will be tried in the HARMONIE Hybrid 4D-VAR framework. The optimal configuration of such a scheme including the size of ensemble, strategy for ensemble lagging, length of the 4D-VAR window, the length scales of the localisation and the ensemble forecast range has to be established from the experimentation. The extension of the HARMONIE 4D-VAR scheme with the Hybrid Environment seems to be a natural step when the convective scale ensemble is a part of the operational production. Even if the 4D-VAR scheme is known as computationally demanding, the multi-incremental minimization with multiple resolutions helps to reduce the computational costs significantly and make the scheme an affordable candidate for operational applications.
	B4). HARMONIE 4D-En-Var
	The HARMONIE 4D-En-Var scheme that utilizes the non-linear ensemble evolution instead of tangent-linear and adjoint model to describe the propagation of the increment will be developed on the basis of the HARMONIE Hybrid 4D-VAR. The main emphases will be on the optimal settings for the covariance localisation scheme including formulation of the space-time correlations for different localisation lengthscales. The 4D-En-Var scheme has been shown to be very successful for synoptic scale applications (Gustafsson&Bojarova, 2014) both due to reduced computational costs and due to the strength of consistent treatment of complex dynamical structures. At the same time the performance of the 4D-En-Var scheme is strongly dependent on the quality of ensemble.
	Plan of the implementation and configuration of the experiments.
	2020:
	Setup optimal configuration of the Hybrid 3D-EnVar framework (spatial scale dependent decomposition of the ensemble, vertical localisation, form of the auto-correlation function for the covariance localisation). Test of the initial condition perturbations (EDA, BRAND, LETKF, FORCING) in the optimal HARMONIE Hybrid 3D-EnVar framework. The “best-choice” ensemble generation scheme to be selected.
	In parallel. The development of the HARMONIE Hybrid 4D-VAR scheme
	2021:
	Test of the optimal HARMONIE Hybrid 4D-VAR configuration: ensemble size, lagging strategy, ensemble forecast range using the “best-choice” ensemble. HARMONIE 4D-VAR reference run for the performance of the control member. HARMONIE 3D-EnVar reference run with the optimal configuration of the ensemble.
	In parallel, development of the HARMONIE 4D-En-Var scheme. The implementation of the HARMONIE 4D-En-Var requires a certain level of code refactoring. It is unclear at the moment if this level is available within the LAM release of CY43.
	2022:
	Test of the optimal configuration of the HARMONIE 4D-En-Var scheme (formulation of the space-time localisation for different spatial scales, size of ensemble, lagging strategy). Comparison of the meteorological performance versus costs between HARMONIE Hybrid schemes and the decision on HarmonVar-EPS system.
	
	Justification of the computer resources needed.
	DA-EPS experiments are usually expensive.
	2020: We will run test experiments over a smaller domain that it used operationally (the so called DKCOEXP domain : 648x648 horizontal grid points, 65 vertical levels, 2.5km horizontal resolution). In order to save computer resources we will release 30 hours long forecasts twice a day. This makes approximately 160,000 SBUs for a 11 member (10 members + control run) ensemble for a day of experiment. In order to get statistically reliable information we have to run an experiment for at least a 2 week period, what makes 2,2MSBUs per experiment. During the first year, we consider to run at least 8 experiments (4 experiments to determine the optimal configuration of the HARMONIE Hybrid 3D-EnVar system + 4 experiments for different schemes for initial conditions perturbations). This makes 18 MSBUs in total.
	We ask for the same amount of the resources for next 2 years even if the computational cost of the 4D-VAR system is higher.
	2021: The work on HARMONIE 4D-VAR Hybrid and HARMONIE 4D-En-Var is in the less mature stage. Additional national resources and the resources of the HIRLAM-C programme will be used for the experimentations. Because 4D-Var experiments are more expensive we estimate 3MSBUs per experiment. 18MSBUs will allow us 6 experiment.
	2022: Based on the outcomes of the test experiments, the optimal configuration of the HarmonVAR-EPS will be defined. The test of the HarmonVAR-EPS will be done on a larger domain (so called METCOOP B (or a corresponding one, used by other operational consortia) : 750x960 grid-points, 65 model levels, 2.5 km resolution ). This results in 275TSBUs for a day of test, or ≈ 3,85 MSBUs for a two weeks experiment (using 10 ensemble members). 18MSBUs will allow us to run 4 experiments with increased number of ensemble members (2 alternative experiments over summer/winter period). The reference runs will be done utilizing additional national resources.
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