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1.
Summary of highlights

This report describes the essential features of the numerical weather prediction (NWP) system operational at the Finnish Meteorological Institute (FMI) during the year 2012. The system is based on the HIRLAM NWP system (Undén et al., 2002), maintained by the international HIRLAM consortium (http://hirlam.org/), which is formed by the national meteorological agencies of Denmark, Estonia, Finland, Iceland, Ireland, Lithuania, the Netherlands, Norway, Spain, and Sweden. During 2012, FMI has continued to work as the lead centre for operational running of the common reference version of HIRLAM (RCR). In this capacity, FMI uses operationally the reference version, and makes all forecast products available to the whole consortium in a common archive at the ECMWF. The lead centre duties also include maintaining a comprehensive technical and meteorological monitoring of the system, which can be followed in real time on the project web pages (Kangas and Sokka, 2005). An on-line model intercomparison showing forecast v. measurements for a set of meteorological measurement masts is also included in the monitoring suite (Kangas, 2011). 
The reference HIRLAM (HIRLAM RCR) was upgraded in March 2012 from version 7.3 to 7.4, which employs a horizontal grid spacing of 0.068 degrees. As a result of co-operation between the HIRLAM and ALADIN consortia, FMI also runs a non-hydrostatic mesogamma scale model HARMONIE-AROME (horizontal resolution of 2.5 km). Several research projects address development and improvements of specific features of the NWP models, such as surface interactions especially over snow/ice surfaces. Some products of the reference runs are shared within the EUMETNET SRNWP-PEPS project.
2.
Equipment in use

The operational HIRLAM forecasts are run on FMI's own Cray XT5m computer with 2 x 1996 cores and a PBS load management system. The computer consists of two identical units, one being the main operational platform and the other one acting as a backup and research system. 
3.
Data and Products from GTS in use

· SYNOP
· SHIP
· BUOY
· AIREP
· AMDAR
· ACARS
· TEMP
· PILOT
· ATOVS-AMSU-A
· ATOVS-AMSU-B
· ATOVS-MHS
4.
Forecasting system

4.1
System run schedule and forecast ranges

FMI is using ECMWF global products for medium range forecasting. In addition, FMI maintains two nested data-assimilation/forecasting suites for limited area short range forecasting: an outer “Atlantic HIRLAM suite” (RCR) and inner (HARMONIE) suite. In addition to serving domestic needs, the RCR-suite serves as a reference run for the whole HIRLAM consortium. The run schedules and forecast ranges are shown in Table 1, while the integration areas of the suites are visualized in Figure 1.There was a slight change in RCR integration area when upgrading to version 7.4.
Figure 2 illustrates the computers and data flows of the FMI LAM system. The observations (from various sources) as well as the Baltic SST/ice data from the FMI Marine Service group and Finnish lake surface temperature observations from Finnish Environmental Administration are first collected to an auxiliary operational UNIX server, processed, and then transferred to the main computing platform for the actual computations. The same applies to the boundary data obtained from the ECMWF. After computations, the numerical results are loaded into the FMI real time data base for different uses by duty forecasters, researchers, and automated forecast post-processing applications. Likewise, the graphical products are made available through FMI intranet. A local archiving on another FMI Linux server also takes place. Finally, input and output data of the RCR are made available to the HIRLAM community by archiving the data to the ECMWF's ECFS using the ecaccess gateway. A graphical interface for monitoring the system is provided to the HIRLAM community through the HeXnet facility at http://hirlam.org/.

4.3
Short-range forecasting system (0-72 hrs)

4.3.1
Data assimilation, objective analysis and initialization (RCR)

4.3.1.1
In operation
Upper air analysis

· 4-dimensional variational data assimilation (4DVAR) with no explicit initialization

· Version: HIRLAM 7.4
· Parameters: surface pressure, temperature, wind components, specific humidity 

Surface analysis

· Separate analysis, consistent with the mosaic approach of the surface/soil treatment

· Parameters: SST, fraction of ice, snow depth, screen level temperature and humidity, soil temperature and humidity in two layers 
· Finnish lake surface temperature observations (from Finnish Environmental Administration)
Levels

· 65 hybrid levels

Observation types 

· SYNOP, SHIP, BUOY, AIREP, AMDAR, ACARS, TEMP, PILOT, ATOVS-AMSU-A, ATOVS-AMSU-B, ATOVS-MHS 

Boundaries:

· time dependent lateral boundary conditions from the ECMWF received four times each day on the RCR grid with a temporal resolution of 3 hrs, obtained via the ECMWF boundary conditions optional project

First guess:

· three hour forecast of the previous cycle valid at the beginning of the date window
Cut-off time:

· 2h  

Cycling:

· 6h cycle

· reanalysis step every 6 h, before the main run, to blend with large-scale features of the ECMWF analysis

4.3.1.2
Research performed in this field

Boundary layer data assimilation
An evaluation of NWP results for wintertime nocturnal boundary-layer temperatures revealed that under low temperatures models typically suffered from a warm bias (Atlaskin and Vihma, 2012). The warm bias in 2-m air temperature forecasts during periods of observed temperature inversion partly resulted from a warm bias in the initial conditions. This was due to problems in data assimilation in the IFS and HIRLAM models, in initialization in the HARMONIE-AROME model, and in either or both procedures in the GFS model. 

Table 1. Run schedules and forecast ranges of the FMI LAM suites.

	
	RCR-HIRLAM
	HARMONIE-AROME

	
	range
	available
	range
	available

	1
	00 + 54 h
	03:30 UTC
	00 + 36 h
	02:10 UTC

	2
	06 + 54 h
	09:30 UTC
	06 + 36 h
	08:10 UTC

	3
	12 + 54 h
	15:30 UTC
	12 + 36 h
	14:10 UTC

	4
	18 + 54 h
	21:30 UTC
	18 + 36 h
	20:10 UTC
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Figure 1. Integration areas of the operational LAM suites (RCR > HARMONIE).
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Figure 2. Computers and data flows of the FMI LAM system (RCR shown here).
Lake data and HIRLAM

Implementation of the lake model FLAKE to HIRLAM has been continued in cooperation with colleagues from RSHU (Russian State Hydrometeorological University). The impact of both manual and satellite-measured lake surface temperatures is studied within the operational setup of HIRLAM model (Eerola et al., 2010, Rontu et al., 2012). An  overview of lake activities may be found in the Workshop "Parameterisation of Lakes in NWP and climate modelling" (http://netfam.fmi.fi/Lake12/).
Snow data assimilation

The implementation of satellite-based snow data to the HIRLAM surface data assimilation system has been continued in international cooperation.  Data provided by the GLOBSNOW project and EUMETSAT SAF projects will be used in addition to the SYNOP snow depth observations..
Sea ice analysis

A method was developed to make an analysis of sea ice concentration and thickness on the basis of combined use of SAR remote sensing data and a thermodynamic sea ice model. The method was tested for the Gulf of St. Lawrence, off Canada (Karvonen et al., 2012), and is applicable for all sea areas with SAR data available.

4.3.2
Model (RCR)
4.3.2.1
In operation

Basic equations:

· primitive equations in flux form 

Independent variables:

· λ,θ (transformed latitude-longitude coordinates, with the south pole at 30° S, 0°Ε), η (hybrid level), t (time) 

Dependent variables:

· logarithm of surface pressure, temperature, wind components, specific humidity, specific cloud condensate, turbulent kinetic energy
Integration domain:

· 1036 x 816 grid points in transformed latitude-longitude grid, 65 vertical hybrid levels
Grid length:

· 0.068° (~7.5 km) 

Grid:

· staggered grid (Arakawa C) 

Time-integration:

· 2 time level semi-Lagrangean semi-implicit (time step=2.5 min) 

Orography:

· HIRLAM physiographic data base, filtered 

Physical parameterisation: 

· Savijärvi radiation scheme
· orographic radiation parameterisation
· Kain-Fritsch convection scheme

· Rasch-Kristjansson microphysics

· turbulence based on turbulent kinetic energy

· surface fluxes according to drag formulation

· surface and soil processes using mosaic approach; specially treated interactions between forest canopy and snow: double energy balance formulation
· meso-scale orographic drag parameterisation
· Lake parameterisation, freshlake scheme FLAKE
Horizontal diffusion:

· implicit fourth order
Forecast length:

· 54 hours at 00, 06, 12, 18 UTC
Output frequency:

· 1 hour 

Boundaries:

· Frame boundaries from the ECMWF optional BC runs

· Projected onto the HIRLAM grid at ECMWF

· Boundary file frequency 3 hours

· Updated four times daily

4.3.2.2
Research performed in this field
Stable boundary layer in high latitudes
NWP models, HIRLAM among others, have considerable difficulties in predicting correctly the near-surface wintertime inversions and related extremely cold temperatures. Several parameterization schemes are related to this problem: surface and soil parameterizations over snow-covered land and ice, parameterizations of the turbulent heat, moisture and momentum fluxes in the surface layer and in the whole atmospheric boundary layer, and parameterizations of cloud-radiation interactions. The surface data assimilation, which creates the initial conditions for the model, also influences the forecast. Data from the FMI Arctic Research Centre in Sodankylä has been used to understand this so-called Nordic temperature problem, and to validate and develop the HIRLAM parameterizations (e.g. Atlaskin and Vihma, 2012).

The occurrence and properties of humidity inversions in the Antarctic were analysed on the basis of rawinsonde sounding data from 11 coastal stations (Nygård et al., 2013). The humidity inversion occurrence was highest in winter and spring, and high atmospheric pressure and cloud-free conditions generally increased the occurrence. The inversion base height had notable seasonal variations, but generally the humidity inversions were located at higher altitudes than temperature inversions. Roughly a half of the humidity inversions were associated with temperature inversions, and approximately 60% were accompanied by horizontal advection of water vapour increasing with height. Compared to previous results for the Arctic, the most striking differences in humidity inversions in the Antarctic were a much higher frequency of occurrence in summer and a reverse seasonal cycle of the inversion base height.
Stable boundary layer over Svalbard fjords has been studied on the basis of WRFmodel experimenting (Kilpeläinen et al., 2012). Katabatic winds occurring in summer nights in Dronning Maud Land, Antarctica have been analysed on the basis of weather mast and sodar data (Kouznetsov et al., 2013), Various ABL processes, particularly temperature and humidity inversions and low-level jets, have been studied applying the WRF model with validation against observations from the Ice Station Weddell – the only long-term drifting ice station in the Antarctic sea ice zone (Tastula et al., 2012).
Atmospheric reanalyses have been evaluated over Arctic sea ice applying an independent tethersonde data set (Jakobson et al., 2012). ERA-Interim was ranked first, but it suffered from a warm bias of up to 2°C in the lowermost 400 m layer and a moist bias throughout the lowermost 1 km. The NCEP-CFSR reanalysis outperformed the other reanalyses with respect to 2-m air temperature and specific humidity and 10-m wind speed. Considering the whole vertical profile, however, the older NCEP-DOE got the second highest overall ranking, being better than the new NCEP-CFSR. An analogous evaluation study of reanalyses has been carried out by Tastula et al. (2013) in the Antarctic sea ice zone, applying the observations from the Ice Station Weddell. This study revealed the superiority of ERA-Interim reanalyses in reproducing the observed diurnal cycles. Apart from the diurnal cycles, NCEP-CFSR gave the best general error statistics. The shortcomings in the reanalyses were often related to their failure to capture the diurnal cycle in cloud cover fraction, which leads to errors in other quantities as well.  
Atmospheric forcing on interannual variations in the drift speed of Arctic sea ice has been studied applying buoy data on ice drift as well as ERA-Interim and NCEP reanalyses. The results demonstrated to dominating role of the pressure gradient across the Transpolar Drift Stream (Vihma et al., 2012). Recent work on Mesoscale modelling of the Arctic atmospheric boundary layer and its interaction with sea ice has been reviewed (Lüpkes et al., 2012).

Parameterization methods for wind gusts have been validated against mast observations in the Gulf of Finland, and a new method has been developed Suomi et al., 2013).
Surface energy budget over snow, ice and the sea
In the Arctic, The surface energy budget over snow-covered sea ice in the Arctic Ocean has been studied on the basis of observations at the drifting ice station Tara. The effects of surface temperature distribution on 2 m air temperatures over the Arctic Ocean were studied using observations from Barrow (Alaska), Alert (Canada), and Tara (Tetzlaff et al., 2012). In a Lagrangian point of view, up to 70-90% of the variance in 2 m air temperature was explained by variations in surface temperature, which were controlled by the presence of leads and variations in ice thickness. The snow and ice thickness in the coastal Kara Sea was modelled by Cheng et al. (2013).
A novel approach has been applied to derive moisture fluxes from the North Water Polynya (Boisvert et al., 2012). It is based on utilization of air moisture derived from EOS aqua satellite data and the wind speed from ERA-Interim reanalysis. The effect of surface heat fluxes on interannual variability in the spring onset of snow melt in the central Arctic Ocean (Maksimovich and Vihma, 2012). The results demonstrated the dominating effect of clouds and longwave radiation.

Icing Atlas for Finland

Wind atlas for Finland was created during 2009, and the novel methodology applied was published in Tammelin et al, (2011). The atlas was based on multiple HARMONIE mesoscale model runs over Finnish domain. However, the wind atlas itself did not include the estimation for the icing occurrence and the consequent power loss. Therefore, an additional effort was launched to calculate the icing frequency and intensity based on the available HARMONIE wind atlas data. The icing intensity is estimated based on the ice aggregation model, which uses wind, temperature and cloud information from the mesoscale model. The Finnish Icing Atlas was finished in 2012.
Urban modelling
The Helsinki urban meteorological network was further developed. An overview is presented in Wood et al. (2013).
Harmonie system for Sochi winter Olympics 2014

FMI will take part on the WMO FROST-2014 project by producing high resolution NWP forecasts on the domain covering the Winter Olympic venue in Sochi, Russia. In 2013, several Harmonie tests has been performed in order to answer following questions: (i) what is the additional value of the baseline 2.5km mesoscale model over operational synoptic scale models (Hirlam, ECMWF) over Sochi, (ii) what is the additional value of high resolution orographic dataset (SRTM) on a meso scale forecast over Sochi and (iii) what is the effect of grid resolution (i.e. 2.5, 1.5 and 1 km) on a meso scale forecast over Sochi.

4.3.3
Operationally available NWP products

All the HIRLAM products on model and constant pressure levels are available for applications in the FMI real-time data base with a frequency of one hour. 

HIRLAM forecasts are available to duty forecasters on workstations. The geopotential, temperature, relative humidity and three dimensional wind fields are available on constant pressure levels (1000, 925, 850, 700, 500, 400, 300 and 250 hPa). In addition, surface pressure, 10-metre wind, 2-metre temperature, intensity of precipitation and accumulated large-scale and convective precipitation, surface fluxes of sensible and latent heat and net radiation are available. Also several derived parameters such as type of precipitation, stability index, fog, cloudiness, and CAPE are computed from every forecast. 

The nearest grid point values are picked up to produce forecasted vertical soundings of temperature, dew point deficit and wind at selected points.
4.3.4    Operational techniques for application of NWP products
4.3.4.1
In operation

HIRLAM forecasts provide guidance to duty forecasters, and are used as a basis for a large number of automated forecasts distributed to the general public and various authorities. They are also used as input (forcing) for many specialized applications, such as forecasting road conditions, waves and currents in the Baltic Sea, potential dispersion of radioactive pollutants, toxic chemicals, forest fire smoke, volcanic ash, pollen, and air quality.
4.4    Nowcasting and Very Short-range Forecasting Systems (0-6 hrs)

4.4.2
   Models for Very Short-range Forecasting Systems

4.4.2.2    Research performed in this field

FMI is running operationally a 2.5 horizontal resolution model HARMONIE as co-operation between the HIRLAM and ALADIN consortia. During 2012, version 36h14 of the model was used. The model includes surface assimilation (OI) and upper air assimilation (3D-VAR) with the conventional observations in the beginning, The number of vertical levels in the model is 65 and the time step 60 seconds. The integration area covers Finland and parts of Estonia and Norway (cf. Fig.1). A short 36 h forecast is run four times a day (at 00, 06, 12 and 18 UTC). 
The development of LAPS (Local Analysis and Prediction System; Albers et. al., 1996) has been continued for utilization in now-casting activities and within other operational products at FMI. The system is in daily operational use, producing 3D-analysis at every hour. The model area covers both the Finland and the whole Scandinavian domain with 3km grid size. Measurements utilized within the analysis are taken from satellites (including NWCSAF products), radars, lidars, air-reports (AMDAR), SYNOP, METAR, road-weather stations and the dense measurements network in and around Helsinki (http://testbed.fmi.fi/). 

Among the different analyse processes performed within LAPS, the 1-hour precipitation accumulation analysis has been further developed in order to assimilate radar measurements together with surface rain-gauge observations (Gregow et. al., 2013). The LAPS precipitation accumulation output is applied in FMI operational products, such as fire-weather index and road weather model.
4.5
Specialized numerical predictions 

FMI operates a set of air-quality/pollution dispersion models. Forecasts of sea waves and sea ice, water levels and currents as well as river runoff are produced in cooperation with the Finnish Environmental Administration. A re-analysis of European and Fennoscandian pollution by particulate matter (2000->) is going on. A road weather model based on weather forecast model output to produce traffic and pedestrian walking conditions and warnings as well as road maintenance advice is run operationally several times a day during wintertime.
4.5.1
Assimilation of specific data, analysis and initialization
4.5.1.1
In operation

A 3D-VAR based chemical data assimilation system is in use with the SILAM model for near-real time analysis of the previous day concentrations of ozone and NO2.
4.5.2
Specific Models 
4.5.2.1
In operation 
Meso-to-hemispheric scale dispersion models at FMI

· SILAM. Lagrangean and Eulerian, meso-to-continental, research and operational (Sofiev et al., 2006a)
· size-segregated aerosol, up to 496 radioactive nuclides
· sulphur oxides, ozone photochemistry, secondary inorganic aerosol production
· forest fire smoke, probabilities
· natural pollen (POLLEN): European wide, heat sum based birch flowering model and pollen dispersion model (Sofiev et al., 2006b)
· pursuing "single-atmosphere" principle: any of 8 types of species (acid+ozone, SOx, radioactive, pollen, sea salt, inert primary aerosol, toxic, passive probability-tracer) can be computed simultaneously with all others - or separately if the users wants so 

· FAS. Fire Assimilation System, art of AQ operational environment and large stand-alone development, used with SILAM as FAS+SILAM AQ suite

· HILATAR. Eulerian, regional, research; SOx, NOx, NHx, toxic metals, mineral dust. (Hongisto, 2002) 

· DMAT. Eulerian, regional-to-hemispheric, research; SOx, NOx, NHx, toxic metals and organic pollutants, long-living multi-media pollutants, mineral dust, size-segregated aerosol. (Sofiev, 2000) 

Road weather model RoadSurf and its derivatives  (Kangas et al., 2006, 2012).
· road surface temperature and road condition;  traffic warnings

· pedestrian walking condition and warnings ; also a hi-res version employing LAPS analysis

· road maintenance timing advice
· road surface friction; a statistical model for friction between road surface and tires (Juga et al., 2011)
Storm surge models

· OAAS, HANSEN and WETEHINEN 2D water level models. Forecast the Baltic Sea level at the Finnish coast, the model results are corrected with Finnish tide gauge observations. Forecast length +54h using HIRLAM RCR forcing and +120h with ECMWF forcing.
Wave model WAM

· Wave forecasts for the Baltic Sea with wave model WAM cycle 4.5.1 (e.g. Komen et al. 1994)

· Horizontal resolution of 4 nmi; the model grid is built to take into account the specific characteristics of the dissected shorelines of the northern Baltic Sea (e.g. Tuomi et al. 2012)

· Forecasts are made four times a day using wind forcing from FMI's NWP system HIRLAM with forecast length of 54 hours and two times a day using wind forcing from ECMWF deterministic NWP system with forecast length of 5 days 
· Seasonal ice cover is taken into account by excluding from calculation grid points having over 30% ice concentration; the ice conditions are updated daily based on data produced by FMI's Ice Service
4.5.2.2
Research performed in this field
Intelligent transportation systems

In WiSafeCar project, an intelligent wireless traffic safety network between vehicles and infrastructure as well as between vehicles is being developed, with a possibility to use sensor and observation data to offer secure and reliable real-time services for vehicles. Weather and weather related data measured by the car can also be transferred from vehicles to infrastructure, enabling a more precise initialize state definition for road weather modelling. This data includes such parameters as air temperature, precipitation (wipers on), fog or dense snowfall (fog lights on) (Sukuvaara et. al, 2011).

In another project, a braking distance application is being developed. The application informs if a car is driving too close to another car driving ahead. The system takes into account the speed of vehicles, distance between cars and measured or calculated road surface friction. The application is developed in co-operation with a number of Finnish companies and research institutes working on traffic sector. More information available on http://www.datatointelligence.fi/.

FMI road weather model has also been run operationally within EU FP7 project FOTsis (Field Operational Test on safe, intelligent and sustainable road operation, www.fotsis.com). FOTsis is aimed at large-scale field testing of the traffic management systems (TMS). The role of the TMS is to provide to the drivers, road maintenance and emergency services with the information on the situation on the roads. All the information collected in the control centre is transferred to the drivers and services using various communication technologies. To perform the testing, nine road segments in Europe were selected as test beds: 3 in Spain, 2 in Portugal, 3 in Germany, and 1 in Greece. The role of FMI in FOTsis is to provide with the forecasts of road weather conditions for those nine test highways and to incorporate this information into the available local traffic management systems. FMI road weather model (RoadSurf) has already been implemented operationally for 3 Spanish test highways. Initial and boundary conditions in the RoasSurf were retrieved from the output of the reference version of HIRLAM v.7.4. 

Wave modelling

Different methods to generate high resolution grids in the coastal archipelago areas and ways to take into account the unresolved islands with the given resolution are studied to enable wave forecasting in the Archipelago Sea with sufficient accuracy. Also, possibilities to increase the accuracy of the wave forecast by improving the methods to treat seasonal ice cover in the wave model are studied.

4.5.3
Specific products operationally available

· Four times/day : 48-hour forecasts of probabilities and potential areas of risk in case of nuclear accidents at 5 nuclear power plants in Finland and in close surrounding areas; performed with SILAM on the basis of HIRLAM RCR forecasts. 

· Daily for O3, NO2, SO2, PM2.5 and PM10: 72 hour forecast for European domain using ECMWF NWP data, 48 hour forecast for Finland, Baltic States and Scandinavia using HIRLAM MB71 data.

· European wide birch pollen concentration and dispersion 48 h forecasts once a day; made with SILAM-POLLEN on the basis of HIRLAM NWP forecasts. 

· Several times/day (during wintertime): 48 hour forecast of road traffic and pedestrian walking conditions as well as road maintenance advice.
· Wave forecast 4 times a day: +54 hour forecast to the Baltic Sea region using HIRLAM model wind forcing
· Wave forecast 2 times a day: +120 hour forecast to the Baltic Sea region using ECMWF IFS model wind forcing

· Sea Surface Temperature and Salinity forecasts: +48h forecast to the Baltic Sea region
· Sea Ice forecast: ice movement, thickness, concentration, pressure areas +48h forecast four times a day to the Baltic Sea region at http://haavi.fimr.fi/polarview/forecast.php
5.
Verification of prognostic products

5.1
Annual verification summary 

The figures below show the monthly bias (lower curves) and rms-error (upper curves) of 500 hPa geopotential height, 850 hPa temperature, and surface pressure for HIRLAM RCR version V74 starting from march 2012. The verification is done against observations of the so-called EWGLAM station list. The forecast length is 48 hours.

[image: image3.png]Geopotential

2012
01

Monthly bias and rms of Geopotential at level 500 hPa
Time: 201201-201301 Domain: EWG From 00 12 UTC runs

2012 2012 2012 2012 2012
03 05 07 09 11
Year and month
V74 412 h --+- V74 4+24h —%— V74 436h =

V74 +48 1 e





[image: image4.png]Temperature (C)

Monthly bias and rms of Temperature at level 850 hPa
Time: 201201-201301 Domain: EWG From 00 12 UTC runs

V74 +12h - - +--

2012 2012 2012
05 07 09

Year and month
V74 +24h —%— V74436 h -—-=---

V74 448 h e





[image: image5.png]Pressdure (hPa)

Monthly bias and rms of Mean Sea Level Pressure

Time: 201201-201301 Domain: EWG From 00 12 UTC runs

2012 2012 2012 2012 2012
03 05 07 09 11

Year and month
V74 +12h --+- V74 +24h —%— V74 +36h ---=---





6.
Plans for the future  
6.1
Development of the GDPFS
In 2013, HIRLAM system (version 7.4) is planned to be ported to the new high performance computing platform.  The international development effort for HIRLAM has been ceased. However, there are still some local efforts to maintain and upgrade the modelling system during following years. One of the planned action is to include a proper lake surface data assimilation within the lake scheme (Flake) of HIRLAM.

As to HARMONIE, the next planned enhancement is the increase of model integration area to cover the whole Scandinavia instead of only Finland used in present operative model suite. In the near future, the operational assimilation system of HARMONIE is planned to be extended towards utilizing the remotely sensed observations (ATOVS, IASI, radar, Mode-S etc.) paving the way towards Rapid Update Cycling (RUC) type of data assimilation interval (1-3h).
The LAPS system will be used to generate fine-scale analyses of weather elements and upper air fields. Among the planned developments, focus is concentrated on now-casting activities (e.g. LAPS-HARMONIE short-term forecasts), extrapolation (0-6 hours), 3-D cloud analysis, radiation calculations, icing estimates related to wind-power plants etc. New observational data sources are investigated as ingest for the LAPS analysis, such as lightning data, IASI sounder profiles, GPS etc.

6.2
Planned research Activities in NWP, Nowcasting and Long-range Forecasting

Current research activities in atmospheric modelling include testing and developing an improved parameterization of turbulence in the wintertime long-lived stable boundary layer, taking into account the free atmosphere static stability (Zilitinkevich et al., 2010), assessing the effect of lakes, and benefit of a lake parameterization in short-range NWP.
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