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1. Summary of main highlights

WMC Moscow

1.1
The 28-level semi-Lagrangian finite-difference atmospheric prognostic global model developed at the Hydrometcenter of Russia and the Institute of Numerical Mathematics of the Russian Academy of Sciences SLAV-2008 (grid 0.72°х0.9°) is used operationally. The forecasting results are delivered as the GRADS maps (basic fields for different areas), and distributed via GTS (GRIB code (full set of meteorological parameters on the grid 2.5ºx2.5º)( at www.meteoinfo.ru.

1.2
The spectral atmospheric model T169L31 (Gaussian net resolution 0,7°х0,7°) is in operational use. The forecasting results are delivered as the GRADS maps (basic fields for different areas), and distributed via GTS (GRIB code (low troposphere levels and weather parameters on the grid 1.25ºx1.25º)( at www.meteoinfo.ru.

1.3
A new version of the regional atmospheric model is operationally implemented for two regions: 1) Europe including the North Caucasus and the adjacent Atlantic (grid 50х50 km, 30 sigma levels) (www.meteoinfo.ru/forecasts/anim-reg-srf), separate forecast is produced for the North Caucasus www.meteoinfo.ru/forecasts/anim-reg-srf/3187-losev-caucasus), and 2) the Far East region (www.meteoinfo.ru/forecasts/anim-reg-srf/3187-losev-far-east). Both forecasts are operating the grid 25х25 km, 30 sigma levels. The model output is distributed at the web-site of the Hydrometcentre of Russia www.meteoinfo.ru in the form of 48-hour animation.

1.4
The mesoscale model COSMO-Ru7 (grid 7x7 km), for the territory of Eastern Europe, the European part of Russia, Ural and the western part of Western Siberia is implemented in operational mode. Regular run of the versions of the model for West and East Siberian region (COSMO-Sib14, grid 14x14 km), Central Federal District of Russia (COSMO-RuCO2, grid 2.2x2.2 km) is conducted regularly.

1.5
The experiments for the testing-operational run of the non-hydrostatic mesoscale model of the Hydrometcentre of Russia continue with 10 km spatial resolution for the Moscow and Leningrad regions (area 300 x 300 km). The maximum lead time is 48 h. The model is implemented for Belarus (800x800 km).

1.6
The operational testing of the global system of ensemble short- and medium range forecasts is started based on T169L31 and SLAV models (forecasts for 10 days, breeding method, 14 ensemble members including 12 disturbed forecasts and two control runs using both T169L31 and SLAV-2008).

1.7.
Further use of the integrated hydrodynamic-statistical scheme for monthly forecasting of the surface air temperature anomalies on the territory of the former Soviet Union based on the global models of the WMC Moscow, Main Geophysical Observatory named after A.I. Voyeikov (MGO), and the USA NCEP prognostic systems is being continued.

1.8
At the WMC Moscow, the seasonal forecasts based on methodologies developed at the Hydrometcenter of Russia (SLAV-2008 model) and MGO (T42L14) are produced every month with one-month lead time. Once a month the results of the forecasts for the nearest 3 months and the respective data of seasonal hindcasts are forwarded to the Asian-Pacific Climate Center (APCC) (Busan, Republic of Korea) as a contribution to the multi-model ensemble seasonal forecast within the international project APCN (Asia-Pacific Climate Network) for long-range forecasting.

1.9
Testing-operational producing of the monthly ensemble forecasts (10 ensemble members) on the basis of the models T85L31 (Hydrometeorological Centre of Russia), T42L14 (MGO), and NCEP forecasting scheme is continued.

1.10.
The routine monitoring of the numerical forecasts quality with different lead time intervals, according to the criteria recommended by WMO, has been widened.

1.11
The system of oceanographic data assimilation for the coupled model ocean-atmosphere for initialization of the seasonal forecasting has been developed. The core of the system is the new model of the first approximation error field based on three-dimensional auto-regression filters and moving average. For obtaining the first approximation fields the oceanic general circulation model of the Hydrometeorologic Centre of Russia is used. Preliminary estimates show that the system allows simulating the structure of the main hydrophysical fields more accurately in comparison with the climatic data.

Voeikov Main Geophysical observatory, St.-Petersburg:

1.12
Issue of the monthly ensemble forecasts using the MGO T42L14 is continued. Forecasts are produced for calendar months and for the nearest 30-days period once a week.

RSMC Novosibirsk:

1.13
A technology using the mesoscale model COSMO-RuSib (a version of the COSMO-Ru07 model) is operationally implemented for the territory of Western and Eastern Siberia. Forecasting time is up to 78 hours. Spatial resolution of the model is 14x14 km. Daily output comprises 946 maps (GRAD) and 182 meteograms for different Siberian cities (http://sibnigmi.ru/cgi-bin/inst/index.pl?5&2). Works on development of the web-graphical presentation of results as the interactive meteograms is in progress (http://sibnigmi.ru/cgi-bin/inst/index.pl?5&76).

1.14
A daily automated calculation of the mesoscale WRF-ARV model for 72 hours is arranged for the Siberian region. It includes skimming data in Grib2 format from NCEP server (start time 12 UTC). The forecasts are presented in Net CDF format with meteorological fields visualization (GRADS) and meteograms. Start is 00.30 Novosibirsk time. Daily amount of products is 44 maps and seven meteograms (http://sibnigmi.ru/cgi-bin/inst/index.pl?5&1).

1.15
Use of operational objective analysis technology of the meteorological fields for the Northern Hemisphere developed at the Hydrometeorological Centre of Russia (first guess field NCEP, 2.5ºx2.5º) has been continued.

1.16
A 28-level atmospheric global model (SLAV-2008) with spatial resolution 0.5625°х 0.28° is implemented for the Siberian region in operational mode. Forecasting time is up to 72 hours. It includes new physical parameterizations: considering of vegetation, objective analysis of relative humidity at 00 and 12 GST. Daily output is 168 GRADS maps (http://sibnigmi.ru/cgi-bin/inst/index.pl?5&0).

1.17
Use of an operational technology using a new version of the regional atmospheric model (horizontal resolution 50x50 km, 30 σ-levels) developed in the Hydrometeorological Centre of Russia for the Siberian region is being continued. The list of the model output products is increased: Forecasts of the temperature extremes, daily average near-surface temperature for the settlements of the Siberian region, cloud amount and precipitation phase are added. Results of the NWP produced at the RSMC Novosibirsk are are available at the site: http://sibnigmi.ru/cgi-bin/inst/.At the RSMC Novosibirsk.

RSMC Khabarovsk:
1.18
At the RSMC the version of the regional model MLσ 22-50 developed at the Hydrometcentre of Russia (22 vertical sigma levels, 50 km horizontal resolution) adjusted for the Far East region is currently run in operational mode. The list of the model output parameters is expanded: the components of predicted daily surface air temperature extremes and daily average temperature for the points of the Far East region, cloud amount and precipitation phase.

1.19
The forecasting computation technology using the non-hydrostatic hydrodynamic model WRF-ARV (spatial resolution – 7 km) for the Far East territory, adjacent seas and Pacific areas. Currently the testing runs of the model are conducted daily. Bundary conditions (forecasts GFS, starts 12.00 UTC, GRIB2)
2. Equipment in Use:

WMC Moscow uses systems SGI Altix ICE 4700, (10.3 TFLOPS, 832 two-core processors Itanium 2 1.66 GHz, NUMALink) and SGI Altix ICE 8200 (13.7 TFLOPS , 354 four-core processors Xeon E5440 2.83 GHz, Infiniband 4 DDR). Calculation is arranged for the basic operational models of the Hydrometeorological Centre of Russia (global and mesoscale) and 3DVAR data assimilation system.

A number of technical operations is conducted using the computational complex formed with two 4-processor servers (processors XEON-5345) at the computing cluster Itanium-2 (16 processors).

At RSMC Novosibirsk and Khabarovsk the computational clusters INTEL Itanium 9140М are in use (productivity 640 GFOPS based on 104 cores with operational memory 208 Gb, hard disc memory 12.3 Tb, and the volume of the magnetic tape library of 32 Tb.
3.`
Used Data and Products Coming from GST and other Communication Systems:

3.1
Observational data (mean number of telegrams per day)
WMC Moscow:
	Code form
	Average number of telegrams/day

	SYNOP+SHIP
	94,000

	TEMP
	5,800

	PILOT
	1,700

	SATEM
	22,000

	SATOB
	            50,300

	BUOY
	47,600

	AMDAR
	53,000

	AIREP
	2,700


RSMC Novosibirsk:
	Code form
	Average number of telegrams/day

	SYNOP
	64000

	SHIP
	13000

	TEMP
	6200

	PILOT
	5050

	AMDAR
	56000

	AIREP
	1500

	SATEM
	20000

	SATOB
	35000

	BUOY
	35000

	BATHY
	5000


RSMC Khabarovsk:

	Code form
	Average number of telegrams/day

	SYNOP
	65000

	SATEM
	5400

	TEMP
	67000

	SYNOP
	65000

	SHIP
	11000

	KN15
	250

	PILOT
	4800

	SATOB
	4500

	AIREP
	1300

	AMDAR
	55900

	BUOY
	43600

	BATHY
	5000

	SATEM
	5400


3.2
Products received in the WMC Moscow, RSMCs Novosibirsk and Khabarovsk:

ECMWF, Reading (analysis and forecasts of the general meteorological fields: GRIB 2.5(x2.5( up to 168 hours),

NMC Exeter (analysis and forecasts of meteorological fields of extended nomenclature: GRIB 2.5(x2.5(, GRIB 1.25(x1.25( «thin», forecasting maps for Europe: digital facsimile),

RSMC Offenbach (GRIB 1.5(x1.5(, forecasting maps: digital facsimile), Internet (FTP): GRIB 40х40 km – product of the global forecast for bounded territory, information necessary for determination of initial and boundary conditions for COSMO-RU07, GRIB 7х7 km – information on the surface conditions necessary for COSMO-RU operations.

WMC, Washington (GST GRID 5(x5(): Internet (FTP): analysis and forecasts of the extended meteorological fields nomenclature GRIB 1(x1(, 0.5 x 0.5).

NMC Tokyo (GST, GRIB 1(x1(, 0.5 x 0.5, forecasting maps: digital faximile in RSMC Khabarovsk).
4. Forecasting System:

The global forecasting systems of the WMC Moscow and RSMC Novosibirsk are formed with the following blocks:

А – initial control and distribution of information in the specialized data bases,

B –data assimilation and objective analysis system,

C – global atmospheric model,

D – system for computational results interpretation.

Forecasting systems for the bounded territories of the WMS Moscow, RSMCs Novosibirsk and Khabarovsk consists of the following blocks:

А – receiving and control of initial information system,

B – bounded territory atmospheric models,

C – the system for automated visualization and data preparation for dissemination for users.

4.1.  Time Schedule and Forecasting Period
WMC Moscow:

Basic initial time of prognostic system (global models SLAV-2008, T169L31; regional model 50х50 km, mesoscale model of the Hydrometcentre of Russia  and  COSMO-RU) are 00 and 12 UTC. (in addition for DAS, OA Systems and  COSMO-RU: 06 and 18 UTC)
SLAV-2008: using the initial data for 00 UTC – lead time 120 hours (readiness time by 03.40 UTC), for initial data 12 UTC – lead time 240 hours (produced by 15.50 UTC). Information is delivered to the users with 6-hour time step. Technology includes additional data assimilation procedures for terrestrial temperature and humidity. Model is integrated four times a day.

T169L31: for initial data 00 UTC, prediction period – up to 78 hours (readiness time – 5.30 UTC); for initial data 12 UTC – forecast for 240 hours (readiness time 19 UTC). Information is delivered to users with 6-hour time step.

Regional model of the Hydrometcentre of Russia: initial data for 00 and 12 UTC - prediction period – up to 48 hours (readiness time 4.00 UTC). The model produces a full set of meteorological parameters at the standard isobaric surfaces with the lead time of one hour (precipitation, pressure, heights of the standard isobaric surfaces, wind). Versions of the model are also calculated for the south of the Far East, and Southern Federal District – North Caucasus (36 hours forecast).

Non-hydrostatic mesoscale model of the Hydrometeorological Centre of Russia (10x10 km) is used for the Moscow and Saint Petersburg districts (300x300 km) and for Belarus (area 800x800 km). Maximum lead time is 48 hours. An output time step is 1 hour. Readiness time is 5.15 and 17.15 for Moscow and 5.30 and 17.30 for Saint Petersburg and Minsk.

COSMO-Ru7 technology:– up to 78 hours with lead time of 1 hour for meteograms and 3 hours for GRIB generation (readiness time – 4.00 and 16.00 UTC). COSMO-Ru14 is integrated for Siberia, COSMO-Ru02 – for the Central Federal District and the Southern Federal District.

Medium-range ensemble forecasting system: once a day using the initial data for 12 UTC with 6 hours lead time.

Long-range forecasting system – once a month starting one day before a coming month.

Hydrodynamic-statistical forecasts of the mean monthly anomalies of the surface temperatures at the stations throughout the territory of the Former Soviet Union are produced at the end of each month with zero lead time.

RSMC Novosibirsk

Basic initial times of the forecasting system (global models SLAV-2008, T40L15, and regional model 50x50 km) are 00 and 12 UTC. Forecasts are issued twice a day.
Model SLAV-2008 (developed in the Hydrometeorological Centre of Russia in collaboration with the Institute of Numerical Mathematics of the Russian Academy of Sciences) has an integration period up to 120 hours, information is provided to users with 6 hours lead time step.

T40L15: up to 72 hours, information is provided to users with 6 hours lead time step.

Regional model developed in the Hydrometeorological Centre of Russia: forecasting period - up to 48 hours, full set of output products (standard set of meteorological fields at the isobaric surfaces) is provided with 6 hours time step.

COSMO-Ru14 technology: 00 and 12 UTC – up to 78 hours, forecasts lead time step is 1 hour for meteograms, 3 hours for GRIB generation.
RSMC Khabarovsk
The basic initial forecasting times are 00 and 12 UTC.

Two versions of the hydrodynamic model MLp 11-100/50 (11 p levels, 100 and 50 km horizontal resolution are used [2,4,11] with the modified version of this model MLσ 22-50 (σ-system, 22 levels, grid 50х50 km) [12, 13]. Calculation using the MLp 11-100/50 model are carried out for four territorial districts (Yakutsk, Transbaikal, Khabarovsk (which includes Kabarovsk territory, Amur oblast, Seaside territory, Sakhalin Isdland), and North-East with area of forecast of 6000 km x 5400 км for each district. Calculations using the MLσ 22-50 model are carried out only for Khabarovsk district in the area of 6000х7500 centered in Khabarovsk.

For all versions of the model two sets of initial and boundary conditions are used:

a)
Data assimilation from the regional Khabarovsk objective analysis as the initial data; boundary conditions – NCEP forecast for different areas. Product relies time is 5.00 – 5.30 UTC (for initial time 00 UTC) and 17.00 – 17.30 (initial time 12 UTC).

b)
Initial data: RMSC Exeter for previous hour ob observation, boundary conditions – Exeter forecast.

Production is released to customers at 00.10 – 00.40 and 12.10 – 40, correspondently from start time.

4.2
System for the medium range forecasting

4.2.1
Data assimilation, objective analysis and initialization

4.2.1.1
In operational mode:

The global system of data assimilation of the WMC Moscow (Hydrometcentre of Russia) and the system of the objective analysis of the WMC Moscow and the RSMC Novosibirsk.

· Cycle assimilation system – 4 times a day, observations for:  00, 06, 12, 18 UTC;

· Objective analysis using the first approximation fields of RSMC Exeter and WMC Washington – 2 times a day for 00, 12 UTC.

· Method of analysis: 2-dimentional interpolation for 1-level characteristics and 3-dimentional optimal interpolation for geopotential and wind fields.

· Products – sea level pressure, surface air temperature, temperature of underlying surface, surface air humidity and wind velocity, total octant cloudiness, snow cover depth, sea surface temperature, geopotential heights at isobaric levels, wind velocity, temperature and air humidity on standard isobaric levels.

· The first approximation for the continuous cycle Global assimilation system – T85L31 with 6 hour cycle are used in the WMC Moscow and RSMC Novosibirsk for adjustment of the the objective analysis system GRIB NCEP 1°x1°, GRIB “thin” UKMO 1.25°x1.25°.

· Coverage – the Globe.

· Horizontal resolution – 2.5x2.5°, 1.25x1.25°.

· Levels – 10, 30, 50,70, 100, 150, 200, 250, 300, 400, 500, 700, 850, 925, 1000 hPa, sea level pressure, topography for calculation of surface characteristics.

· Initialization – non-adiabatic, normal modes.

· Additionally, the system for generation of the initial fields of soil temperature and humidity was included in the technology of SLAV-2008.

4.2.1.2

Research performed in this field:

A global multivariate three-dimensional 3D-Var scheme has been developed and implemented in WMC Moscow. This system is based on the origional special covariance model using three-dimensional auto-regressive and moving-average filters. In-situ contact and satellite microwave observations (AMSU-A, COSMIC, GRAS, GRACE, AMV, ASCAT). is accomplished in the experimental mode. The advantages of the new analysis over the existing systems using the objective interpolation are demonstrated. Works on adaptation of 3-D-Var for COSMO-ru model regional assimilation are carried out.

Works on the local ensemble-transform Kalman filter (LETKF) assimilation scheme for the SLAV global semi-Lagrangian model are in progress.

The system of the oceanographic data assimilation aimed at initializing the coupled ocean-atmosphere model for seasonal forecasting was being developed. Data assimilation is carried out on the basis of consequent scheme “analysis-forecast-analysis” using three-dimensional assimilation at the step of analysis. The core of the scheme is represented by the new model of the first approximation error fields based on the three-dimensional filters of auto-regression and moving average. For obtaining the first approximation fields the oceanic global circulation model is used. As initial information, the operative observations of the sea water temperature and salinity coming from different observational platforms (drifting and anchored buoys, vessel observations, data from ARGO buoys). The preliminary estimates show that the system allow to simulate the structure of the main hydro-physical fields more accurately in comparison with the climatic data.
4.2.2
Global Models

4.2.2.1 In operational mode:

· Semi-Lagrangian global model SLAV-2008 (jointly developed by the Hydrometcentre of Russia and the Russian Academy of Sciences), grid: 0.72ºx0.9º, and 28 vertical levels. The maximum forecast range is 240 h. It produces a standard set of prognostic products.
· The Global spectral atmospheric model T169L31 with 169 spherical harmonics, grid horizontal resolution of approximately 0.7º, 28 levels. The model produces a standard set of prognostic products.

4.2.2.2 Research performed in this field:

· The locally conservative semi-lagrangian algorithm of the numerical resolution of the spherical transfer equation on the reduced net is realized in WMC Moscow (Hydrometeorological Centre of Russia). Realized and checked using the standard tests the conservative modification of the 2-D version of the dynamical core of the SLAV model (shallow water model on the sphere using the reduced grid) (Tolstykh, Shashkin, 2012)). It is turned out that the accuracy of realized model is not less than the non-conservative version of the model realized on the regular grid.

· The micro-physical parameterizations for the convective clouds are included into the model SLAV developed by the LACE consortium LACE (Catry et al 2007, Geleyn et al 2008) .
· -The testing of the new version of the SLAV model with increased horizontal and vertical resolution (0.37x0.45 degrees lat-lon, 50 vertical levels) has started. It includes the parameterization of microphysical processes in non-convection clouds.

· The scalability of the SLAV parallel program complex is increased form 160 to 432 processors (Tolstykh, Mizyak 2011)

· Testing runs of the new version of the global spectral model T339L31 are carried out in the Hydrometeorological Centre of Russia.

4.2.3
Operationally available medium-range Numerical Weather Prediction (NWP) Products (Global modeling):
The output of the SLAV-2008 and T169L31 models is delivered to databases for the users of the Hydrometcentre of Russia on the site www.meteoinfo.ru and transferred to the prognostic centres of Roshydromet and Hydrometeorological Services of other countries. These users receive the forecasts for the Northern and Southern Hemispheres with 6-h lead time interval via GTS. 
The following characteristics are predicted: sea level pressure, near surface air temperature and humidity, accumulated six hours precipitation, water surface wind, geopotential heights at standard isobaric surfaces, wind speed, air temperature and humidity at standard isobaric surfaces, temperature of underlying surface, and additionally (only from T169L31) octant total cloudiness, low and medium level cloudiness. 
Spatial resolution of the model output  is 1.25ºx1.25º. The forecasts for 12 – 84 hours are available at 04.30  UTC for 00 UTC initial data, and for 12 – 240 hours at 17.30  for 12 UTC initial data. The digital facsimile forecasting maps of sea level pressure, 500 hPa geopotential, temperature at 850 hPa level, and relative humidity at 850 or 700 hPa level depending on the season, for the Northern hemisphere and Europe are transmitted via GTS.

4.2.4
Applied operational techniques of NWP products (MOS, PPM, KF, Expert Systems etc.), medium range forecast (72 – 240 h).

4.2.4.1 In operational mode:
WMC Moscow (Hydrometeorological Centre of Russia)

The system of statistical interpretation of the results of the medium range hydrodynamic modeling (MOS) is used. The automated system provides the meteorological forecasts of extreme temperature, accumulated semi-diurnal precipitation sum, precipitation probability, cloudiness – three times a day, with range of forecast up to 7 days for 5000 cites over the globe including the settlements of the Russian Federation.

On the basis of MOS system the forecasts of mean air temperature anomalies for the nearest 10 days are calculated daily, and sent to the territorial Hydrometeorologival offices of Roshydromet three times a month in the form of gif-charts and tables.

RSMC Novosibirsk
A system of statistical forecasting for prediction of weather parameters (precipitation, temperature, wind, strong wind, blizzards, heavy snowfalls, fire danger index, pollution level) for the West-Siberian region is in operational use.
RSMC Khabarovsk

A statistical interpretation of the ECMWF forecasting products in a pre-processing concept is underway. Forecast of the local weather parameters (extreme and daily averaged surface air temperature, surface wind speed and direction, precipitation occurrence and intensity) is produced for 5 days with 12 hour refining for 48 settlements of the Far East region.
4.2.4.2 Research performing in this field:

The forecasts of weather parameters with lead time up to 5 days using the MOS system of the WMC Moscow is arranged three times a day. It is based on the complexion of numerical forecasts produced at the WMC Moscow, ECMWF Reading, NCEP Washington, RSMC Exeter. Incorporation into the system the results of mesoscale modeling.
4.2.5
Ensemble Prediction System (EPS) (Number of members, initial state, perturbation method, model(s) and number of models used, perturbation of physical parameterizations, post-processing: calculation of indices, clustering)

4.2.5.1 In operational mode
The ensemble forecasting system for short and medium ranges (12 – 240 h.) is used in testing-operational mode.

Characteristics of the system:

· Number of ensemble members: 14;

· The ensemble is composed of 12 perturbed forecasts with the T169L31 global model and two undisturbed forecasts with the T169L31, and SLAV-2008 models;

· Number of models: 2;

· Disturbance method: breeding with regional rescaling and the total energy norm;

· Physical parameterizations are not disturbed.

4.2.5.2
Research performed in this field
· Increasing a set of output products;

· Development of postprocessing and verification methods;

· Studies in the field of combining forecasts based on different models.

4.2.5.3
Operationally available ensemble NWP products
The results of the system operation are placed to the operational database of the Hydrometcentre of Russia; where they are available for Hydrometeorological Centre of Russia forecasters in the form of spaghetti-charts, ensemble means and dispersion maps (a domestic visualization system Isograph of the Hydrometcentre of Russia). Ensemble meteogramms for a number of settlements in Russia are produced.
4.3
Short-range forecasting system (0-72 hours)
4.3.1
Data assimilation, objective analysis and initialization

4.3.1.1 In operational mode
WMC Moscow – the same as discussed in  4.2.1.1.
RSMC Novosibirsk
Data assimilation for SLAV and Region-2 schemes is conducted using “Prometey” system developed at the Hydrometeorological Centre of Russia and installed on the server of the RSMC Novosibirsk. As initial and lateral boundary conditions the data of objective analysis produced in the Hydrometeorological Centre of Russia on the grid 1,25х1,25º for 00, 06, 12, and 18 UTC and analysis and forecasts of the NMC Ecseter in GRIB code on the grid 2.5º x2.5º for 00 and 12 UTC are used.

RSMC Khabarovsk

The regional objective analysis of the current atmospheric conditions is carried out. The analyzed parameters include: geopotential, wind speed components and temperature at the 11 standard isobaric surfaces (1000, 925, 850, 700,500, 400, 300, 250, 200, 150, and 100 hPa) and fields of humidity at 6 levels (1000, 925, 850, 700,500, and 400 hPa). Horizontal resolution of the output fields is 300 km. As the first approximation fields, the results of WWC Washington forecasts with resolution 2.5x2.5º are used.

In the MLp 11-100/50 model initialization of the geopotential fields and the fields of wind speed components using the 4-normal modes of the vertical operator of the regional hydrodynamic model decomposition is conducted.
4.3.1.2 Research performed in this field
Generally the studies conducted at WWC Moscow are described in Section 4.2.1.2. Additionally, the experiments aimed at assimilation of data from the Pulkovo (St.-Petersburg district) meteorological radar to use these data in the WRF-ARW model.
4.3.2
Models for short-range numerical forecasting

4.3.2.1. In operation
WMC Moscow:

· Regional non-hydrostatic model for the Europe region (area of forecast 137x209 knots of the equal Cartesian grid (horizontal step 75 km) at the stereographic projection map, 30 levels at sigma coordinate system). It produces information on expected weather, in particular: precipitation and surface characteristics with discreteness of output products of 1 hour. The adapted versions of the regional model of the Hydrometcentre of Russia have been put into operation at RSMC Novosibirsk and RSMC Khabarovsk.
· Mesoscale non-hydrostatic model (15 levels in the atmosphere, 5 levels in soil + one snow level in winter) for the Moscow and Saint-Petersburg regions is used for producing forecasts of surface fields (surface temperature, wind and accumulated precipitation) with 10 km resolution within the limits of the indicated regions (maximum period of forecasting is 36 hours). Starting from 2010 the version of the model is used for forecasting the same fields for the Belarus Republic territory (for 800x800 km area).
· The non-hydrostatic model COSMO-RU7 (developed by the COSMO consortium for mesoscale modeling), version 4.12. Horizontal resolution 7x7 km, 40 vertical levels, up to the surface of 100 hPa. The model produces a widened range of prognostic products. The results of wide range of output products nomenclature is formed as GRIB files, maps GRADS, and text files of meteorological telegrams. At the Hydrometcentre of Russia a service including decoding, posting to the databases, visualization, and quick access to various types of produced products.
RSMC Novosibirsk
· Use of  the system “Region-2” for regional short-range forecasts. The system is realized at the UNIX-similar base (OS Linux for PC) with spatial resolution 1,25х1,66º along longitude and latitude correspondingly. The area of integration is bounded with the longitudes 40E-145E and latitudes 40N-80N, which covers the Ural, West and East Siberia. Time step equal to 1 minute for 48 hours lead time. Calculations are performed twice a day for 00 and 12 UTC.

· The regular daily automated calculation of 72-hour forecasts for Siberian region using the SLAV model is realized at the computational complex Altix 4700 (Regional computer centre, Novosibirsk). The scheme operates new physical parameterizations: accounting vegetation and using the objective analysis of vegetation. Meteorological fields visualization is performed in GrADS system (on the site of Siberian Research Hydrometeorological Institute (SibRHMI).
RSMC Khabarovsk
· The “Region-DV” operational technology produces forecasts of geopotential and wind speed components at 11 standard isobaric surfaces, temperature and humidity fields at 10 standard isobaric surfaces, and precipitation for the East Siberia and Far East districts, and 12-hour accumulated precipitation for 289 points of the Russian Far East. Three versions of the regional hydrodynamic model using different sources of initial and boundary conditions (ref. Section 4.1.1) are used. Forecasts of sea level pressure, surface air temperature in the grid points and daily average surface air temperature for 79 settlements in the Khabarovsk district, Amur district, and Jewish Autonomous district of Russia. The model produces the forecast of cloud amount and precipitation phases for the settlements and the grid points. Maximum forecasting lead time is 48 hours, minimum lead time is 6 hours, the discreteness of predicted fields is 3 hours; for sea surface pressure and precipitation intensity fields – 1 hour. Integration is conducted twice a day (starting from 00 and 12 UTC). Forecasts are distributed to the Far East district Departments of the Hydrometeorological Service via e-mail in a letter-digital format and visualized map slides.

4.3.2.2 Research performed in this field
WMC Moscow 
· The priority projects studies within the framework of the COSMO Working groups’ activities include: development and testing of the enhanced scheme of snow cover (Kazakova, et al., 2010), analysis of the specifics of the radiation block operation Shatunova, et al., 2010), development of the scheme describing the turbulent fluxes in the lower boundary layer (Evteev, et al., 2010), development of verification system, and enhanced algorithms of the more accurate initial information preparation based on the observational data SYNOP over the European part of Russia. These include also the development of the forms of presentation of the forecast results to users, and monitoring and studies of success of the near surface weather parameters forecasts using COSMO-RU model (surface air temperature, precipitation, wind speed).

· Development of the model with horizontal resolution 3x3 km for the Central Federal District, Leningrad district, and Belarus.

· Studies of prognostic capabilities of the model WRF-ARW with 3x3 km resolution for the Central Federal district area.

RSMC Khabarovsk

· testing runs of the non-hydrostatic regional hydrodynamic WRF model with ARW dynamic core are conducted. The initial and boundary conditions incorporated from the NCEP (USA) forecasts.
4.3.3
Available operational products of numerical weather forecasts (modeling for bounded territories)
4.3.3.1
 The products of the different versions of regional model of the Hydrometeorological Centre of Rusia (50x50 km) for the different regions:
· WMC Moscow: Europe + Atlantic Ocean, North Caucasia+ Black Sea, Far East
· RSMC Novosibirsk: Ural, West and East Siberia,

· RSMC Khabarovsk: East Siberia, Far East

Types of the products:

· Sea level pressure fields, surface temperature and 1 hour precipitation intensity (detailed once an hour);

· Geopotential fields, wind components at 11 standard isobaric surfaces (1000, 925, 850, 700, 500, 400, 300, 250, 200, 150, 100 hPa) detailed each 3 hours;

· Fields of temperature and relative humidity at 9 standard isobaric surfaces (925, 850, 700, 500, 400, 300, 250, 200, 150 hPa) detailed each 3 hours;

· Fields of the semi- and daily accumulated precipitation: continuous, convective and total (lead time 12, 24, 36, 48 hours).

Information is provided to users via data bases and in graphical formats through distribution via e-mail and posting on the site www.meteoinfo.ru (forecasts of the sea level pressure, 1 and 3-hour accumulated precipitation, surface wind).

At the WMC Moscow and RSMC Novosibirsk: distribution of information in operational databases of these Centres: 1.25°х1.25°, forecasting interval – 6 h (forecasts of the fields on the standard isobaric surfaces, sea level pressure, surface temperature and humidity, underlying surface temperature, precipitation, and wind speed). The same parameters are produced at the Hydrometeorological Centre of the Belarus Republic.

4.3.3.2 
Products of the mesoscale nonhydrostatic model of the Hydrometcentre of Russia (10х10 km)
For forecasters of the Hydrometcentre of Russia and of the Northwestern territorial Hydrometeorological service: forecasts of the surface air temperature and wind with 1 h time step for the Moscow and St.-Petersburg regions. Results are placed to the WMC Moscow databases. Data are transmitted via FTP.

4.3.3.3 Products of the mesoscale nonhydrostatic model COSMO-RU7 (7х7 km)
Forecasts of the sea level pressure, 3-h accumulated precipitation, surface temperature and wind, cloudiness, 500 hPa height – in the form of GRADS maps. Information in the form of meteorological cables for more than 100 points within the European part of Russia, with time resolution of 1 h in text and graphical formats: forecasts of sea level pressure, accumulated precipitation considering precipitation forms, temperature and wind profiles from the ground surface up to 500 hPa, cloudiness within the different layers (Information is provided to users in graphical formats via e-mail and distribution at the ftp server.

Wide range of meteorological characteristics at p, z and σ-levels in GRIB formats are prvided to users upon request.

4.3.3.4 Additional products of the numerical short range forecast are available at RSMC Khabarovsk:

· tables of 12-hour accumulated precipitation at 289 stations of the Far East region (lead time 24, 36, 48 hours – corresponding to the closest to the end of accumulation period standard hour of observation);

· tables of surface wind speed and direction at 250 stations of the Far East region (lead time 6, 12, 24, 30, 36, 42, and 48 hours);

· tables of sea-level pressure and surface air temperatuse at 79 stations of Khabarovsk Territory, Amur District and Jewish Autonomous District (lead time 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45, and 48 hours);

· tables of daily extremes and daily average surface air temperature at 79 stations of the Khabarovsk Territory, the Amur District and the Jewish Autonomous District.

4.3.4 Operational techniques for application of NWP products MOS, PPM, KF, Expert Sysetms etc.), short range forecasts (0 – 72 h).

4.3.4.1 In operation

WMC Moscow:

The system of statistical interpretation of the hydrodynamic modeling results (MOS system) is used, see Section 4.2.4.1.
An automated system for physical-statistical interpretation of the regional numerical model results producing short-range forecasts of hazardous weather phenomena (thunderstorms, showers, hail, strong squalls) with the lead time up to 36 h is in operation.

Characteristics of convective cloudiness (heights of top and lower cloud boundaries), heights and maximum wind velocity values, heights of dynamic tropopause, and also – complex indices (frontal parameter) with the lead time up to 72 hours are calculated using the semi-lagrangian model output.

Short-range forecasts of the surface air temperature, humidity, precipitation, wind speed for the Central Russia cities are calculated daily with 1 hour interval as well as the daily extremes of air temperature values based on the combined system of the interpretation of the global numerical forecasts with the detailed model of atmospheric boundary layer. Forecasts are placed on the web-site of the Hydrometcentre of Russia and are transmitted via GTS to all the forecast  centers of Russia.

RSMC Novosibiksk:
The forecasts of precipitation, surface temperature, wind and strong wind, blizzards, heavy snowfalls, fire danger index, pollution level are calculated daily for 1–5 days on the bases of output data of the ECMWF and UKMO global models.

RSMC Khabarovsk:
Forecasts of 12-hour accumulated precipitation at 289 stations of the Far East region of Russia are interpolated from the hydrodynamic model data in the closest forecasting grid point.
Forecasts of sea-level pressure and surface air temperature at 79 stations of Khabarovsk Territory, Amur District and Jewish Autonomous District are determined from the model data using bilinear interpolation from 4 grid points closest to the forecasting point.

4.3.4.2
Research performed in this field
WMC Moscow:

Improving of MOS forecast System of Hydrometeocenter of Russia based the output of system of the WMC Moscow, three times a day, based on complexes of numerical forecasts generated at the WMC Moscow, ECMWF Reading, NCEP Washington, RSMC Exeter.
RSMC Novosibiksk:
In testing mode the forecasts of the meteorological parameters for the Far East territory and adjacent part of the Pacific Ocean, west of the Atlantic Ocean and eastern part of the North America are produced using the version of WRF-ARW model (42 σ-levels, initial data resolution from the global model 1х1º, model grid resolution – 15 km, area of calculation – 180x123 grid points) for prediction of the intensity and trajectories of the tropical cyclones. The same model is used for the Mediterranean and Black Seas to predict the intensive south cyclones.

RSMC Khabarovsk: 

The research aimed to develop and improve the incorporated physical-statistical forecasting methods for precipitation phase, cloud amount, probability of convective weather phenomena occupants, and wind speed and direction using data of the regional hydrodynamic models.

4.3.5 Ensemble Prediction System (EPS) (Number of members, initial state, perturbation method, models and number of models used, perturbation of physical parameterizations, post-processing: calculation of indices, clustering)

4.3.5.1 In operation

Same as shown in Section 4.2.5.1
4.3.5.2 Research performed in this field

Same as Section 4.2.5.2

4.3.5.3
Operationally available ensemble NWP products

Same as shown in Section 4.2.5.3
4.4
Nowcasting and Very Short-range Forecasting Systems (0-6 hrs
4.4.1
Nowcasting system
4.4.1.1
In operation

No automatic now-casting systems are in use in Roshydromet
All forecasting center of Roshydromet operationally provides users the information on the current weather and nearest dangerous phenomena  
4.4.1.2
Research performed in this field
The nowcasting method based on the forecasts of the WRF-ARW and COSMO-RU models is under development. Method utilizes information from geostationary satellites and radars.
4.4.2
Models for very Short-range Forecasting Systems

4.4.2.1
In operation

Non-hydrostatic model of the Hydrometcentre of Russia, COSMO-RU model and WRF-ARW.

4.4.2.2 Research performed in this field
WMC Moscow:

The quality of forecasts from operatively used models is verified, model deficiencies are investigated, and models configuration is under improvement.

 RSMC Khabarovsk:

 studies are conducted with WRF-ARW non-hydrostatic experimental model in order to produce very short-range forecasts for the Far East region.

RSMC Novosibirsk:

 the research aimed to produce very short range forecasts in the settlements and at the territory of the Siberian region using the non-hydrostatic experimental model WRF-ARW are conducted.
4.5
Specialized numerical predictions (sea waves, storm surge, sea ice, marine pollution transport and weathering, tropical cyclones, air pollution transport and dispersion, solar ultraviolet (UV) radiation, air quality forecasting, smoke, sand and dust, etc.)

4.5.1. Assimilation of specific data, analysis and initialization (where applicable)

4.5.1.1
 In operation
RSMC Khabarovsk:

The forecasting products of the hydrodynamic model MLp 11-100 and operative information from the observational network (flow rate, intensity of ice conditions in the mouth of Amur River) from the code forms KN-15, KN-02 are operatively assimilated.
4.5.1.2
Research performed in this field

WMC Moscow:

The system of oceanographic data assimilation is developed for initialization the coupled ocean-atmospheric model for seasonal forecasting. The core of the system is the new model of the first approximation errors field based on the tree-dimensional autoregression filters and moving mean. For obtaining the first approximation fields, the general circulation oceanic model is used. Preliminary results demonstrate that the system produces the structure of the hydrophysical fields more accurately than the climatic models.

4.5.2
Specialized models

4.5.2.1
In operation
A) Sea wave forecasting:
WMC Moscow:

Forecasts on the basis of spectral-parametric model of wind wave are issued in the operational mode. The solution for the model is based on the division of the spectrum into 2 components: wind waves and swell waves. For wave forecast the objective analysis data and the output of the global spectral T85L31 atmosphere model of the Hydrometcentre of Russia are used for diagnosis and wind velocity forecast on2.5x2.5( grid.
B) Long-Range forecasting of sea ice in non-Arctic seas of Russia:
Long-range forecasts (with lead time of several months) of sea ice cover based on the notion of the cyclic recurrence of individual hydrometeorological elements and of active interaction between the atmosphere and hydrosphere in the winter period are regularly issued. The forecast has significantly high skill score. On the basis of the sea-ice cover forecast the forecasts are issued for ice boundary disposition, ice thickness (including maximum thickness), ice period duration, dates of sea ice removal. The method uses the technique of decomposition of fields into natural orthogonal components. The atmospheric circulation characteristics and air temperature for the previous periods are used as the predictors for ice parameters forecasting.

C) Regular recommendations on the optimal courses for marine vessels considering wave conditions, wind, fogs, and ice conditions are provided:

RSMC Khabarovsk:

 A non-linear non-stationary numerical hydrodynamic model for prediction variations of the sea level due to storm surges phenomena along the coast line, offshore, in the Amur River mouth, and in the Sakhalin Bay is used. Using this model allows to estimate the possibility of excess the critical marks in the coastal points due to cumulative sea level rise for hazardous marine and hydrological phenomena arising during the storm surges. The model predicts also rough sea conditions in the Amur estuary and the southern part of Sakhalin Bay, fast ice braking in the Amur estuary, water entering solid mass of ice during freezing-up. Forecasting lead time is 48 hours.

4.5.2.2 
Research performed in this field

WMC Moscow:

A new version of the storm surges forecasting model using as the initial data the output of the regional hydrodynamic model Mlσ 22-50.

Improving the method of forecasting the sea level variations during storm surges at coastline and offshore Sea of Okhotsk, Tatar Straight, south-western part of the Bering Sea, at the Pacific coast of Kamchatka peninsula, and Kuril islands with variable spatial resolution with the step from 10 to 2 km.

Testing the text warnings of the possibility of storm surge, fast ice braking, water entering ice for the coastal points (according to the prescribed list) for the Far East region.

4.6.
Extended range forecasts (10 to 30 days) (Models, Ensembles, Methodology)

4.6.1
Models used

4.6.1.1 In operation
WMC Moscow:

An integrated hydrodynamic statistical scheme for forecasting the air temperature fields near the land surface and at standard isobaric surfaces 500, 850 hPa, with lead time from 10 to 30 days, and also the surface air temperature values for 75 settlements of the former USSR is used in the WMC Moscow in operational mode. The scheme is based on the use of output information from two global models – WMC Moscow (T85L31 and SLAV-2008) and the US NCEP forecasting system. A system for operational forecasts and graphically presenting monthly forecasts output with 10 days time interval has been developed.

The issue of ensemble forecasts for 1 month using the model T42L14 developed at the Voeikov Main Geophysical observatory  (St. Petersburg) continues. The forecasts are issued for calendar months and also for the nearest 30-day period once a week.

RSMC Novosibirsk:

Monthly forecasting of the weather parameters (surface air temperature, wind speed, precipitation occurrence and amount) for the territory of responsibility of the West Siberian Department of Hydrometeorological Service. The forecasts are detailed for each day of the month and refined each decade.

RSMC Khabarovsk:
The forecasting of the weather parameters (surface air temperature, wind speed, precipitation occurrence and amount) with one month lead time are produced for the settlements of the Khabarovsk Territory with one-day discretisation. The forecasts are formulated according the analogous year (as recommended by the Monthly Forecasting Guidelines).

4.6.1.2 Research performed in this field
WMC Moscow:

The studies have been performed aiming at the enhancement of the hydrodynamical-statistical forecasting scheme with 10-30 days lead time. (Average model values of the variables for the first ten days are used in multiple regression on the adaptive basis following the ideal forecast (Perfect Prog) principle. After a few years of experimentation and estimation of forecasts quality the adaptive technique comes to the selection of the only model that would exhibit the best results for the previous years of experiments. The selection is sustained with the multi-criteria estimate procedure based on the calculation of the so-called Kemeni median. Currently the studies are aimed at the use of the multi-criterion technique under the conditions of large amounts of model information are in progress (Muravyev A., Kulikova I., Kruglova E., 2009).
4.6.2
Operationally available ensemble prediction systems products for 10-30 days:

WMC Moscow:

The forecasts of mean monthly temperature fields are regularly placed on the web-site of the Hydrometcentre of Russia http://www.meteoinfo.ru. Forecasts of air temperature fields near land surface and at the standard isobaric surfaces 500 and 850 hPa, and also those of surface air temperature values for 75 settlements of the former USSR are available to users upon request.

The results of the monthly forecasts (surface air temperature, wind speed, precipitation occurrence and amount) are available in the RSMC Khabarovsk.

4.7
Long range forecasts (30 days - 2 years) (Models, Ensembles, Methodology)

4.7.1
In operation

WMC Moscow:

Seasonal forecasts are produced monthly with one month lead time. These forecasts are based on the combining the ensemble techniques of the Hydrometcentre of Russia (SLAV-2008 model) and of the Main Geophysical Observatory (T42L14).

The forecasts for the nearest three months are monthly forwarded to the Asian-Pacific Climate Centre (APCC) (Busan, Republic of Korea) as a contribution to the multi-model ensemble seasonal forecast within the framework of the international project APCN (Asia-Pacific Climate Network) on the long-range forecasting (Seoul, Republic of Korea).

The seasonal forecasting maps using SLAV-2008 are placed on http://wmc.meteoinfo.ru/season. Period of maps renewal is once a month.

RSMC Novosibirsk:

 The forecasts of the average monthly temperature and monthly accumulated precipitation anomalies are produced with up to 6 months lead time. The forecasts are base on the forecasts of the Hydrometeorological Centre of Russia, Arctic and Antarctic Research Institute, MGO, and Siberian Hydrometeorological Institute and are detailed each decade.
RSMC Khabarovsk:

The forecasts with the 6-month lead time are produced based on the analogous year conditions and forecasts received from the Far East Research Hydrometeorological Institute. Monthly average surface air temperature, temperature anomalies and monthly average accumulated  precipitation are predicted.

4.7.2. Research performed in this field

WMC Moscow:

· Updating the range of physical parameterizations of forecasting models and study of the impact of these changes on predictability.

· Within the framework of the North-Eurasian Climate Centre:

1) Development of forecasts of the averaged values at the stations using the super-ensemble of models of the North-Eurasian Climate Centre with modified adaptive techniques on the basis of a weekly discretization of the forecast products;

2) Implementing the procedure of station data forecasts for the territory of the former USSR to the operational scheme of the North-Eurasian Climate Centre (weekly forecasts for the sliding 90 days periods).

3) Development of the coupled  general circulation atmosphere-ocean model. The model of the World ocean developed in the Institute of Numerical Mathematics of the Russian Academy of Sciences is coupled with the SLAV model. The results show the prospective of the coupled model application.
4.7.3. Operationally available products:

Results of the seasonal forecasts of the WMC Moscow using the corresponding hindcast verifications for primary seasons of the year are presented on the site http://wmc.meteoinfo.ru/season, http://wmc.meteoinfo.ru/ПЛАВ.

Once a month the results of 3 months seasonal forecasts and the corresponding hindcast seasonal forecasts data of the WMC Moscow are forwarded to the Asian Pacific Climate Centre (APCC) (Busan, Republic of Korea) as an input to the multi-model ensemble seasonal forecast in the framework of the international APCN (Asia-Pacific Climate Network) project on long-range forecasting (LRF). Once a month the seasonal forecasts of the SLAV model with one month lead time are forwarded to the WMO Leading Centre for Multi-model Long-range forecasting in Seoul, Republic of Korea. The list of transmitted forecasting characteristics include monthly averaged and 3-month global fields of geopotential height of the 500 hPa surface, temperature at 850 hPa, sea level pressure, bottom level air temperature and accumulated precipitation for individual ensemble members.

Maps of the seasonal forecasts and corresponding SLAV model hindcast temperature anomalies and precipitation skill score estimates are presented at the site http://wmc.meteoinfo.ru/sеason.

5.
Verification of prognostic products
Mean annual indices

WMC Moscow:

5.1. The global semi-Lagrangian model of the Hydrometcentre of Russia and the Institute for the Computational Mathematics of the Russian Academy of Sciences for the Northern Hemisphere (SLAV-2008)

5.1.1
SLAV-2008, Northern Hemishpere, (20N-90N)

5.1.1.1
SLAV-2008, Northern Hemisphere, Sea level pressure
	Forecast

range
	RMSE

(hPa)
	KA
	KT
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1.736
	1.715
	0.973
	0.974
	0.951
	0.952
	0.300
	0.301

	48
	2.543
	2.486
	0.943
	0.946
	0.946
	0.948
	0.379
	0.380

	72
	3.436
	3.388
	0.896
	0.900
	0.922
	0.925
	0.461
	0.462

	96
	4.485
	4.417
	0.825
	0.831
	0.882
	0.886
	0.544
	0.545

	120
	5.576
	5.481
	0.733
	0.743
	0.832
	0.836
	0.619
	0.619

	144
	
	6.495
	
	0.642
	
	0.782
	
	0.682

	168
	
	7.397
	
	0.542
	
	0.728
	
	0.732

	192
	
	8.112
	
	0.455
	
	0.682
	
	0.769

	216
	
	8.680
	
	0.378
	
	0.646
	
	0.798

	240
	
	9.106
	
	0.313
	
	0.617
	
	0.820


5.1.1.2 SLAV-2008, Northern Hemisphere

Height of the isobaric surface 500 hPa
	Forecast

range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	13.056
	12.894
	0.990
	0.990
	0.185
	0.183

	48
	21.230
	20.899
	0.972
	0.973
	0.263
	0.260

	72
	31.678
	31.274
	0.937
	0.938
	0.344
	0.341

	96
	43.854
	43.281
	0.878
	0.881
	0.423
	0.420

	120
	56.855
	55.954
	0.796
	0.801
	0.497
	0.492

	144
	
	68.343
	
	0.704
	
	0.555

	168
	
	79.392
	
	0.604
	
	0.606

	192
	
	88.760
	
	0.508
	
	0.647

	216
	
	96.552
	
	0.420
	
	0.680

	240
	
	102.531
	
	0.344
	
	0.704


5.1.1.3 SLAV-2008, Northern Hemisphere

Height of the isobaric surface 250 hPa
	Forecast

range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	18.950
	18.831
	0.988
	0.989
	0.163
	0.162

	48
	30.276
	30.022
	0.970
	0.971
	0.231
	0.230

	72
	44.333
	44.046
	0.937
	0.938
	0.301
	0.301

	96
	61.031
	60.465
	0.882
	0.883
	0.372
	0.372

	120
	78.707
	77.714
	0.803
	0.807
	0.440
	0.438

	144
	
	94.675
	
	0.714
	
	0.497

	168
	
	110.068
	
	0.616
	
	0.547

	192
	
	123.353
	
	0.521
	
	0.587

	216
	
	134.928
	
	0.431
	
	0.619

	240
	
	143.731
	
	0.356
	
	0.643


5.1.1.4 SLAV-2008, Northern Hemisphere
500 hPa air temperature 
	Forecast

range
	RMSE

(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1.082
	1.068
	0.960
	0.960

	48
	1.387
	1.386
	0.922
	0.922

	72
	1.820
	1.824
	0.866
	0.865

	96
	2.295
	2.299
	0.789
	0.788

	120
	2.782
	2.774
	0.694
	0.695

	144
	
	3.212
	
	0.594

	168
	
	3.592
	
	0.497

	192
	
	3.910
	
	0.409

	216
	
	4.190
	
	0.328

	240
	
	4.394
	
	0.265


5.1.1.5. SLAV-2008, Northern Hemisphere
250 hPa air temperature
	Forecast

Range
	RMSE

(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1.307
	1.304
	0.920
	0.924

	48
	1.666
	1.678
	0.863
	0.866

	72
	2.034
	2.059
	0.791
	0.792

	96
	2.407
	2.423
	0.704
	0.707

	120
	2.742
	2.749
	0.612
	0.618

	144
	
	3.035
	
	0.529

	168
	
	3.280
	
	0.449

	192
	
	3.472
	
	0.381

	216
	
	3.630
	
	0.322

	240
	
	3.749
	
	0.277


5.1.1.6. SLAV-2008, Northern Hemisphere (20N-90N)

500 hPa wind speed

	Forecast range
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0.394
	-0.393
	4.259
	4.216

	48
	-0.503
	-0.521
	5.803
	5.746

	72
	-0.489
	-0.531
	7.479
	7.414

	96
	-0.504
	-0.542
	9.168
	9.100

	120
	-0.525
	-0.568
	10.794
	10.684

	144
	
	-0.582
	
	12.103

	168
	
	-0.586
	
	13.289

	192
	
	-0.610
	
	14.220

	216
	
	-0.643
	
	15.014

	240
	
	-0.692
	
	15.573


5.1.1.7.  SLAV-2008, Northern Hemisphere

250 hPa wind speed

	Forecast range
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0.947
	-0.902
	6.114
	6.048

	48
	-1.061
	-1.047
	8.391
	8.301

	72
	-1.147
	-1.149
	10.790
	10.703

	96
	-1.224
	-1.244
	13.250
	13.156

	120
	-1.292
	-1.311
	15.682
	15.511

	144
	
	-1.382
	
	17.626

	168
	
	-1.422
	
	19.522

	192
	
	-1.474
	
	21.029

	216
	
	-1.541
	
	22.283

	240
	
	-1.571
	
	23.202


5.1.2. SLAV-2008, Tropics (20N-20S)

5.1.2.1 SLAV-2008, Tropics, Sea Level Pressure

	Forecast range
	RMSE

(hPa)
	KT
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1.134
	1.143
	0.629
	0.618
	0.423
	0.438

	48
	1.479
	1.376
	0.674
	0.695
	0.462
	0.478

	72
	1.706
	1.610
	0.663
	0.683
	0.494
	0.507

	96
	1.828
	1.719
	0.650
	0.672
	0.515
	0.528

	120
	1.987
	1.847
	0.625
	0.657
	0.534
	0.543

	144
	
	2.014
	
	0.632
	
	0.557

	168
	
	2.087
	
	0.617
	
	0.569

	192
	
	2.189
	
	0.590
	
	0.582

	216
	
	2.259
	
	0.571
	
	0.594

	240
	
	2.325
	
	0.557
	
	0.602


5.1.2.2 SLAV-2008, Tropics, 250 hPa height

	Forecast range
	RMSE
(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	13.156
	12.926
	0.883
	0.890
	0.455
	0.437

	48
	15.807
	15.749
	0.833
	0.837
	0.502
	0.491

	72
	17.760
	17.405
	0.795
	0.801
	0.539
	0.531

	96
	20.593
	19.953
	0.725
	0.734
	0.575
	0.568

	120
	23.030
	22.417
	0.655
	0.661
	0.609
	0.603

	144
	
	24.855
	
	0.584
	
	0.632

	168
	
	26.761
	
	0.516
	
	0.655

	192
	
	28.483
	
	0.454
	
	0.678

	216
	
	30.128
	
	0.394
	
	0.699

	240
	
	31.312
	
	0.344
	
	0.718


5.1.2.3 SLAV-2008, Tropics

850 hPa temperature
	Forecast range
	RMSE

(K)

	(hours)
	00 UTC
	12 UTC

	24
	1.269
	1.406

	48
	1.367
	1.480

	72
	1.461
	1.542

	96
	1.537
	1.600

	120
	1.603
	1.653

	144
	
	1.712

	168
	
	1.780

	192
	
	1.839

	216
	
	1.892

	240
	
	1.939


5.1.2.4 SLAV-2008, Tropics
250 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/c)
	RMSEV(m/c)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0.511
	-0.490
	6.039
	6.056

	48
	-0.688
	-0.643
	7.609
	7.683

	72
	-0.854
	-0.846
	8.707
	8.773

	96
	-0.963
	-0.942
	9.535
	9.593

	120
	-0.979
	-0.945
	10.287
	10.333

	144
	
	-0.932
	
	11.008

	168
	
	-0.947
	
	11.629

	192
	
	-0.965
	
	12.159

	216
	
	-0.942
	
	12.665

	240
	
	-0.912
	
	13.146


5.1.3 SLAV-2008. Southern Hemisphere (20S-90S)

5.1.3.1 SLAV-2008, Southern Hemisphere, Sea level pressure
	Forecast range
	RMSE

(hPa)
	KT
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	2.962
	2.807
	0.933
	0.939
	0.285
	0.284

	48
	3.962
	3.802
	0.929
	0.934
	0.362
	0.360

	72
	5.098
	4.935
	0.900
	0.906
	0.441
	0.441

	96
	6.393
	6.210
	0.856
	0.864
	0.519
	0.518

	120
	7.667
	7.525
	0.806
	0.813
	0.586
	0.587

	144
	
	8.758
	
	0.756
	
	0.646

	168
	
	9.807
	
	0.696
	
	0.690

	192
	
	10.632
	
	0.643
	
	0.724

	216
	
	11.206
	
	0.605
	
	0.746

	240
	
	11.644
	
	0.579
	
	0.760


5.1.3.2 SLAV-2008, Southern Hemisphere, 500 hPa height.

	Forecast range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	19.200
	18.538
	0.988
	0.988
	0.169
	0.167

	48
	28.446
	27.963
	0.966
	0.968
	0.243
	0.240

	72
	41.167
	40.779
	0.926
	0.927
	0.319
	0.318

	96
	55.748
	55.507
	0.861
	0.862
	0.394
	0.394

	120
	71.000
	70.976
	0.772
	0.771
	0.463
	0.463

	144
	
	86.401
	
	0.659
	
	0.525

	168
	
	100.150
	
	0.540
	
	0.575

	192
	
	110.797
	
	0.437
	
	0.612

	216
	
	119.059
	
	0.349
	
	0.639

	240
	
	125.077
	
	0.281
	
	0.657


5.1.3.3 SLAV-2008, Southern Hemisphere, 250 hPa height

	Forecast range
	RMSE
(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	20.576
	25.625
	0.988
	0.988
	0.151
	0.148

	48
	29.043
	37.740
	0.968
	0.969
	0.213
	0.211

	72
	40.289
	54.069
	0.931
	0.932
	0.279
	0.279

	96
	53.618
	73.199
	0.871
	0.871
	0.347
	0.348

	120
	68.218
	93.931
	0.786
	0.786
	0.412
	0.413

	144
	
	114.821
	
	0.678
	
	0.472

	168
	
	134.053
	
	0.560
	
	0.522

	192
	
	149.216
	
	0.453
	
	0.560

	216
	
	160.794
	
	0.365
	
	0.587

	240
	
	168.892
	
	0.297
	
	0.605


5.1.3.5 SLAV-2008, Southern Hemisphere

500 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/c)
	RMSEV(m/c)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0,275
	-0,258
	4,481
	4,468

	48
	-0,399
	-0,369
	6,333
	6,288

	72
	-0,352
	-0,349
	8,333
	8,308

	96
	-0,332
	-0,338
	10,321
	10,306

	120
	-0,323
	-0,346
	12,202
	12,199

	144
	
	-0,367
	
	13,937

	168
	
	-0,419
	
	15,382

	192
	
	-0,443
	
	16,448

	216
	
	-0,501
	
	17,275

	240
	
	-0,556
	
	17,802


5.1.3.6 SLAV-2008, Southern Hemisphere
250 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/c)
	RMSEV(m/c)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0,355
	-0,342
	3,713
	3,698

	48
	-0,471
	-0,453
	5,016
	4,98

	72
	-0,51
	-0,496
	6,432
	6,4

	96
	-0,517
	-0,504
	7,814
	7,774

	120
	-0,524
	-0,51
	9,058
	9,045

	144
	
	-0,526
	
	10,146

	168
	
	-0,547
	
	11,014

	192
	
	-0,568
	
	11,682

	216
	
	-0,591
	
	12,134

	240
	
	-0,634
	
	12,453


5.2.  The Global Spectral Model of the Hydrometcentre of Russia, T169L31 
5.2.1. T169L31., Northern Hemisphere (20ºN - 90ºN)

5.2.1.1. T169L31, Northern Hemisphere, Sea level pressure.

	Forecast range
	RMSE

(hPa)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	2,0
	2,1
	0,97
	0,96
	35
	36

	48
	3,0
	3,1
	0,94
	0,93
	44
	45

	72
	4,0
	4,1
	0,89
	0,88
	52
	53

	96
	
	5,3
	
	0,81
	
	62

	120
	
	6,4
	
	0,71
	
	69

	144
	
	7,5
	
	0,61
	
	75

	168
	
	8,4
	
	0,51
	
	80

	192
	
	9,2
	
	0,43
	
	83

	216
	
	9,7
	
	0,37
	
	86

	240
	
	10,6
	
	0,32
	
	87


5.2.1.2 T169L31, Northern Hemisphere, 500 hPa height

	Forecast range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	14,7
	15,4
	0,99
	0,99
	20
	21

	48
	24,8
	25,4
	0,97
	0,96
	29
	29

	72
	37,1
	37,7
	0,93
	0,93
	38
	38

	96
	
	52,1
	
	0,87
	
	46

	120
	
	65,6
	
	0,78
	
	54

	144
	
	79,3
	
	0,69
	
	60

	168
	
	91,0
	
	0,59
	
	65

	192
	
	100,6
	
	0,50
	
	69

	216
	
	108,2
	
	0,43
	
	72

	240
	
	114,3
	
	0,37
	
	74


5.2.1.3 T169L31., Northern Hemisphere, 250 hPa height

	Forecast range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	21,5
	22,7
	0,99
	0,99
	18
	18

	48
	35,6
	38,3
	0,97
	0,96
	26
	26

	72
	52,2
	54,9
	0,93
	0,92
	34
	34

	96
	
	75,0
	
	0,86
	
	42

	120
	
	92,1
	
	0,78
	
	49

	144
	
	109,6
	
	0,69
	
	54

	168
	
	126,0
	
	0,60
	
	59

	192
	
	139,5
	
	0,51
	
	63

	216
	
	151,4
	
	0,44
	
	66

	240
	
	160,4
	
	0,37
	
	68


5.2.1.4 T169L31, Northern Hemisphere,

500 hPa temperature

	Forecast range
	RMSE

(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,1
	1,1
	0,96
	0,95

	48
	1,6
	1,7
	0,91
	0,91

	72
	2,2
	2,2
	0,85
	0,84

	96
	
	2,8
	
	0,76

	120
	
	3,3
	
	0,67

	144
	
	3,8
	
	0,57

	168
	
	4,3
	
	0,48

	192
	
	4,6
	
	0,40

	216
	
	4,9
	
	0,33

	240
	
	5,2
	
	0,27


5.2.1.5 T169L31, Northern Hemisphere,

250 hPa temperature

	Forecast range
	RMSE

(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,4
	1,4
	0,92
	0,92

	48
	1,9
	1,9
	0,84
	0,83

	72
	2,4
	2,4
	0,74
	0,74

	96
	
	2,8
	
	0,64

	120
	
	3,1
	
	0,54

	144
	
	3,4
	
	0,47

	168
	
	3,6
	
	0,40

	192
	
	3,8
	
	0,35

	216
	
	4,0
	
	0,30

	240
	
	4,2
	
	0,27


5.2.1.6 T169L31, Northern Hemisphere,

500 hPa wind velocity
	Forecast range
	MEAN SPEED ERROR (m/c)
	RMSEV(m/c)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0,3
	-0,3
	4,6
	4,6

	48
	-0,3
	-0,3
	6,2
	6,3

	72
	-0,2
	-0,2
	8,0
	8,0

	96
	
	-0,1
	
	9,8

	120
	
	-0,1
	
	11,5

	144
	
	-0,1
	
	12,9

	168
	
	-0,1
	
	14,2

	192
	
	-0,1
	
	15,2

	216
	
	-0,1
	
	15,9

	240
	
	-0,1
	
	16,5


5.2.1.7 T169L31, Northern Hemisphere,

250 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/c)
	RMSEV(m/c)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-1,0
	-0,9
	6,4
	6,5

	48
	-1,1
	-1,1
	9,0
	9,0

	72
	-1,0
	-1,0
	11,5
	11,6

	96
	
	-1,0
	
	14,2

	120
	
	-1,0
	
	16,6

	144
	
	-1,1
	
	18,7

	168
	
	-1,2
	
	20,7

	192
	
	-1,3
	
	22,2

	216
	
	-1,4
	
	23,3

	240
	
	-1,5
	
	24,3


5.2.2 T169L31, Tropics (20ºN - 20ºS)

5.2.2.1 T169L31, Tropics, 850 hPa height
	Forecast range
	RMSE
(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	9,2
	8,7
	0,82
	0,83
	52
	52

	48
	9,9
	10,1
	0,79
	0,78
	54
	55

	72
	10,8
	11,4
	0,77
	0,73
	56
	57

	96
	
	12,5
	
	0,70
	
	59

	120
	
	13,7
	
	0,65
	
	61

	144
	
	15,1
	
	0,61
	
	63

	168
	
	16,1
	
	0,56
	
	65

	192
	
	16,9
	
	0,52
	
	67

	216
	
	17,5
	
	0,49
	
	67

	240
	
	18,0
	
	0,47
	
	68


5.2.2.2 T169L31, Tropics, 250 hPa height.

	Forecast range
	RMSE
(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	16,8
	17,3
	0,90
	0,89
	54
	54

	48
	20,4
	23,6
	0,87
	0,84
	57
	58

	72
	22,9
	26,0
	0,83
	0,81
	60
	61

	96
	
	32,1
	
	0,76
	
	64

	120
	
	30,1
	
	0,71
	
	66

	144
	
	30,6
	
	0,66
	
	68

	168
	
	32,4
	
	0,59
	
	70

	192
	
	34,0
	
	0,54
	
	72

	216
	
	36,7
	
	0,50
	
	73

	240
	
	37,5
	
	0,45
	
	75


5.2.2.3 T169L31, Tropics, 850 hPa temperature.

	Forecast range
	RMSE
(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,6
	1,7
	0,58
	0,55

	48
	1,7
	1,7
	0,50
	0,48

	72
	1,8
	1,8
	0,45
	0,42

	96
	
	2,0
	
	0,37

	120
	
	2,1
	
	0,34

	144
	
	2,2
	
	0,32

	168
	
	2,3
	
	0,29

	192
	
	2,5
	
	0,27

	216
	
	2,6
	
	0,25

	240
	
	2,6
	
	0,23


5.2.2.1 -T169L31, Tropics, 250 hPa temperature.

	Заблаговре-менность
	RMSE
(K)
	KA

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,2
	1,2
	0,75
	0,72

	48
	1,6
	1,5
	0,65
	0,62

	72
	1,7
	1,6
	0,60
	0,58

	96
	
	1,6
	
	0,53

	120
	
	1,5
	
	0,49

	144
	
	1,5
	
	0,45

	168
	
	1,5
	
	0,42

	192
	
	1,7
	
	0,37

	216
	
	1,8
	
	0,33

	240
	
	2,0
	
	0,29


5.2.2.5 - T169L31, Tropics, 850 hPa wind speed
	Заблаговре-менность
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	0,1
	0,2
	3,9
	3,9

	48
	-0,1
	0,0
	4,5
	4,3

	72
	-0,3
	-0,2
	4,9
	4,8

	96
	
	-0,4
	
	5,2

	120
	
	-0,6
	
	5,6

	144
	
	-0,7
	
	5,9

	168
	
	-0,8
	
	6,2

	192
	
	-0,8
	
	6,4

	216
	
	-0,9
	
	6,6

	240
	
	-0,9
	
	6,7


5.2.2.6 T169L31, Tropics, 250 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0,4
	-0,4
	6,0
	6,1

	48
	-0,4
	-0,4
	7,6
	7,6

	72
	-0,3
	-0,4
	8,7
	8,7

	96
	
	-0,4
	
	9,7

	120
	
	-0,5
	
	10,5

	144
	
	-0,6
	
	11,2

	168
	
	-0,7
	
	11,8

	192
	
	-0,9
	
	12,4

	216
	
	-1,1
	
	12,9

	240
	
	-1,2
	
	13,3


5.2.3.  T169L31,  Southern Hemisphere (20ºS - 90ºS)

5.2.3.1 T169L31, Southern Hemisphere, Sea level pressure

	Заблаговре-менность
	RMSE

(hPa)
	KA
	S1

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	2,7
	2,6
	0,97
	0,97
	30
	30

	48
	3,7
	3,7
	0,94
	0,94
	38
	38

	72
	5,0
	5,0
	0,90
	0,89
	46
	46

	96
	
	6,3
	
	0,83
	
	54

	120
	
	7,6
	
	0,75
	
	60

	144
	
	8,8
	
	0,66
	
	65

	168
	
	9,8
	
	0,58
	
	69

	192
	
	10,6
	
	0,51
	
	72

	216
	
	11,1
	
	0,47
	
	74

	240
	
	11,9
	
	0,42
	
	76


5.2.3.2 T169L31, Southerh Hemisphere, 500 hPa height
	Forecast range
	RMSE

(m)
	KA
	S1

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	19,4
	19,2
	0,99
	0,98
	19
	19

	48
	30,8
	30,8
	0,96
	0,96
	27
	27

	72
	45,4
	45,0
	0,92
	0,92
	35
	35

	96
	
	61,0
	
	0,84
	
	42

	120
	
	76,3
	
	0,76
	
	48

	144
	
	91,3
	
	0,66
	
	54

	168
	
	104,2
	
	0,55
	
	59

	192
	
	114,7
	
	0,45
	
	62

	216
	
	123,3
	
	0,37
	
	64

	240
	
	130,2
	
	0,30
	
	67


5.2.3.3 T169L31,  Southerh Hemisphere, 250 hPa height

	Заблаговре-менность
	RMSE

(m)
	KA
	S1

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	25,6
	26,3
	0,99
	0,99
	16
	16

	48
	41,8
	42,6
	0,96
	0,96
	24
	24

	72
	61,0
	61,8
	0,92
	0,92
	31
	31

	96
	
	83,2
	
	0,85
	
	38

	120
	
	103,2
	
	0,77
	
	44

	144
	
	122,8
	
	0,67
	
	49

	168
	
	140,2
	
	0,57
	
	54

	192
	
	155,5
	
	0,47
	
	57

	216
	
	168,0
	
	0,39
	
	60

	240
	
	177,2
	
	0,32
	
	62


5.2.3.4 T169L31,  Southern Hemisphere, 500 hPa temperature

	Forecast range
	RMSE

(K)
	KA

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,2
	1,2
	0,95
	0,95

	48
	1,7
	1,7
	0,90
	0,90

	72
	2,2
	2,3
	0,83
	0,83

	96
	
	2,8
	
	0,74

	120
	
	3,3
	
	0,64

	144
	
	3,7
	
	0,53

	168
	
	4,1
	
	0,43

	192
	
	4,4
	
	0,33

	216
	
	4,7
	
	0,26

	240
	
	4,9
	
	0,20


5.2.3.5 T169L31, Southern Hemisphere, 250 hPa temperature

	Заблаговре-менность
	RMSE

(K)
	KA

	(часы)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	1,4
	1,4
	0,91
	0,91

	48
	1,9
	1,9
	0,83
	0,84

	72
	2,3
	2,3
	0,76
	0,76

	96
	
	2,6
	
	0,68

	120
	
	3,0
	
	0,59

	144
	
	3,3
	
	0,51

	168
	
	3,6
	
	0,43

	192
	
	3,8
	
	0,37

	216
	
	4,0
	
	0,32

	240
	
	4,2
	
	0,28


5.2.3.6 T169L31, Southern Hemisphere, 500 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-0,5
	-0,5
	4,8
	4,9

	48
	-0,4
	-0,4
	6,7
	6,8

	72
	-0,3
	-0,3
	8,7
	8,8

	96
	
	-0,3
	
	10,8

	120
	
	-0,3
	
	12,7

	144
	
	-0,3
	
	14,3

	168
	
	-0,4
	
	15,6

	192
	
	-0,4
	
	16,6

	216
	
	-0,5
	
	17,3

	240
	
	-0,6
	
	17,9


5.2.3.7 T169L31, Southern Hemisphere, 250 hPa wind speed
	Forecast range
	MEAN SPEED ERROR (m/s)
	RMSEV(m/s)

	(hours)
	00 UTC
	12 UTC
	00 UTC
	12 UTC

	24
	-1,2
	-1,2
	6,7
	6,8

	48
	-1,2
	-1,3
	9,5
	9,5

	72
	-1,2
	-1,2
	12,3
	12,4

	96
	
	-1,4
	
	15,3

	120
	
	-1,5
	
	18,0

	144
	
	-1,7
	
	20,4

	168
	
	-1,8
	
	22,3

	192
	
	-1,9
	
	23,8

	216
	
	-2,0
	
	25,0

	240
	
	-2,1
	
	26,0


Abbreviations:
RMSE – root-mean-square error of forecast;

RMSEV – root-mean-square error of wind velocity vector;

KA – anomaly correlation coefficient;

KT – tendency correlation coefficient;

S1 – skill score of the gradient forecast.

5.4
Research performed in this field

Developed and partly implemented parametric and non-parametric methods of significance estimate for forecasts of different success in the long-range forecasting schemes using different statistical packages (IMSL, STATISTICA, R).

Works on realization of the unified short-range numerical forecasting verification system VERSUS-2 (joint product of the COSMO consortium) is ongoing.
In the RSMC Khabarovsk the unified verification system aimed to compare the weather parameters forecasts produced in the RSMC Khabarovsk with the forecasting products of the WMCs Moscow, Washington and NWCs Exeter and Tokyo for Far East region of Russia.
Long-range forecasting: – Realization of operational use of a set of the WMO recommended verification characteristics (2002) for the long-range weather forecasts: the mean square skill score (MSSS), the relative operational characteristic (ROC), the reliability diagrams and the Gerriti skill score in addition to standard statistical characteristics (such as the correlation coefficient, the sign correlation, etc.). Inclusion of cross-validation procedures for obtaining robust estimates of skill score is planned.

Medium-range forecasting: Within the medium-range ensemble forecasting verification system the operational calculation of the following characteristics of the forecast quality was conducted in 2010 for 6-hours and daily accumulated precipitation:

1) Deterministic estimates:

root-mean-square error;

general forecast accuracy;

accuracy of precipitation occurrence forecast;

accuracy of zero precipitation forecast;

probability of precipitation detection;

probability of detection of zero precipitation;

Peirce skill score (Hanssen-Kuipers discriminant).

2) Probabilistic estimates:

relative operational characteristic (ROC)

reliability diagrams;

frequency histograms.

Short-range forecasting: Within the verification system VERSUS-2 a calculation of the characteristics aggregated for the seasons started in 2010:

· temperature at 2 meters and sea-level pressure;

· mean error (ME);

· root-mean-square error (RMSE).

Ensemble forecast:

· increase of the horizontal resolution of the used spectral atmospheric model to T169L31;

· increase the number of ensemble members including in the ensemble perturbed members from the model SLAV-2008;

· significant increase of the output set.

In the RSMC Khabarovsk the improvement of the numerical short-range forecasting technology for surface air temperature in the points of the Far East region (including extreme temperature) on the basis of WRF-ARW model is planned in 2011.

6.
Plans for the future (2012 – 2015)

6.1.
Development of the GDPFS

6.1.1. Major changes in the operational DPFS expected in 2012:
WMC Moscow:

· Organization of the operationally functioning ensemble forecasting system for short and medium ranges on the basis of the Global atmospheric model using the “breeding-method” and of the results of the verification system.

· Development of the operational system of the complex forecasting of the intence precipitation and swells on the basis of the regional model and physical-statistical model of convection.

· Improvement  of  the COSMO-Ru02 (2x2 km) model versions adapted for the regions of European territory of Russia.

· Start operational testing of the COSMO-Ru2 (2.2x2.2 km) model by using nesting in the COSMO-Ru7 version for selected regions.
· Ensemble forecast:

· increase of the horizontal resolution of the used spectral atmospheric model to T169L31;

· increase the number of ensemble members including in the ensemble perturbed members from the model SLAV-2008;

· significant increase of the output set.

The RSMC Novosibirsk:

· To install at the multiprocessor highly productive cluster Data assimilation system developed in the Hydrometcentre of Russia;
· Implement into operative testing the COSMO-RU14Sib version, adjusted for the Siberian region.
· To implement the climatic model developed in the Institute of Numerical Mathematics of the Academy of Sciences of Russia to investigate variability of the West Siberia climate;

· Conduct the operational testing of the semi-Lagrangian model SLAV-2008 adjusted to the territory of responsibility of the RSMC Novosibirsk;

· Conduct the series of tests of the meso-scale models WRF adjusted to the territory of responsibility of the RSMC Novosibirsk.
RSMC Khabarovsk 

· To Improve the short-range forecasting technology for surface air temperature in the points of the Far East region (including extreme temperature) on the basis of WRF-ARW
· To include into operational:

- the new version of objective analysis with horizontal resolution 100 km using forecasts of the NMC Exeter (2,5°x2,5°) as a first approximation;

- the new version of 13-level objective analysis for the North hemisphere with spatial resolution 2,5(x2,5( (objective analysis of the Hydrometeorological Centre of Russia, version of 2007, added levels 70 and 50 hPa), forecasts of the NMC Exeter (2,5°x2,5°) are used as a first approximation;
-  the 22-level regional model (version of Regional model of Hydrometeocenter of Russia) ( σ-coordinate? 50[50 rv) for the entire territory of the RSMC Khabarovsk responsibility.

6.1.2. Major changes in the operational DPFS which are expected in 2013-2015.

WMC Moscow:

· Operational implementation of the global multi-element tree-dimensional 3D-Var assimilation scheme on the basis of the original model for spatial covariances with external fields of first approximation (with use the NCEP products);

· Realization of the cyclic assimilation with the global models of the Hydrometcentre of Russia;

· Development of a new version of the 3D-Var analysis scheme for a limited-area forecasting model (in the COSMO framework);

·  Implementaton  a new version of the global spectral atmospheric model T339L63;

· Implementation into the operational mode the global semi-Lagrangian model of the atmosphere with the horizontal resolution 0.18-0.22 degrees in latitude, 0.225 degrees in longitude and 51 vertical levels;

·  Upgrading of the versions of non-hydrostatic atmospheric model of the Hydrometcentre of Russia with spatial resolution 10 km for the Moscow and St.-Petersburg regions;

· Implementation into operational mode the new versions of COSMO-RU07-02 for some selected regions of European part of Russia
· Assimilation of the oceanographic data:

· Incorporation of the satellite altimetric data into assimilation system;

· Start the operational technology of assimilation system;

· Increase resolution of the ocean general circulation model.

 RSMC Novosibirsk:

· The studies aimed at the development of the physical-statistical interpretation of the weather parameters forecasting is planned on the bases of the mesoscale model COSMO-RU.

· The development of the technological infrastructure (based on the development of web-technologies) for issuing seasonal and intra-annual forecasts for the territory of Russia;

· The implementation of the unified joint technology of the global monthly and seasonal forecasts
RSMC Khabarovsk:
Te implementation into implemented into operational practice:

· complex of methods of forecasting of development and trajectories of the tropical cyclones (with the Far East Research Hydrometeorological Institute);

· storm surge model at the coast of the Far East seas and offshore with data assimilation of the regional models;

· incorporation of the regional non-hydrostatic hydrodynamic model WRF-ARW for forecast of the weather elements and their fields for the Far East region 

6.2. Planned Research Activities in NWP, Nowcasting and Long-range Forecasting and Dpecialized Numerical Prediction for 2012-2015
6.2.1. Planned Research Activities in NWP
WMC Moscow:

· Data assimilation: Development of ensemble approaches. Realization of the local ensemble Kalman filter with ensemble transformation (LETKF) jointly with the SLAV model. Development of meso-scale data assimilation. Introduction of realistic error statistics for satellite observations. Global modeling: Improvement and renewal of the physical parameterizations in the global models (spectral and semi-Lagrangian finite-difference) for new configurations. Development of the non-hydrostatic core for semi-Lagrangian atmospheric model
· Global modeling: Improvement and renewal of the physical parameterizations in the global models (spectral and semi-Lagrangian finite-difference) for new configurations. Development of the non-hydrostatic core for semi-Lagrangian atmospheric model:

· Testing run of the SLAV model with 0.45°x0.37° longitude-latitude  resolution, 50 vertical levels with parameterization of microphysical processes in non-convection clouds, and mire parameterization. Improvement of vertical resolution from 50 to 60 levels. Numerical experiments with the SLAV model with horizontal resolution 0.22°x0.18°, 60 levels. Realization of the reduced latitude-longitude grid in the full SLAV model. Realization of the semi-Lagrangian advection algorithm conserving a mass of transferred substance in a parallel software complex of SLAV model. Increase of scalability of the SLAV parallel software up to 1000 processors.
·  Selection of the optimal vertical structure of the spectral model for versions T169L63, T339L63 with upper boundary of 1 hPa. Experimental testing of the models with the "raised" upper boundary. Optimization of parallel calculations in the global spectral model of the Hydrometcentre of Russia on the versions T169(339,679) L31(63). It is planned to continue the development of the new method of the approximation of the vector and scalar geophysical fields on a sphere by trigonometric polynomials, which provides uniform convergence of series in all the points of the sphere including the poles, using calculations of the Fourier integrals over the domain that is the direct product of entire meridian and latitude circles (Frolov, Tsvetkov, 2009). Implementation of the method for producing the numerical experiments

· Ensemble forecasting: Development of the medium-range ensemble forecasting system due to increase of the ensemble dimension, special resolution of the spectral model, using the multi-model forecasting approach including the results of other models into the ensemble, transfer to the mask breeding, extension of the output products volume in parallel with upgrading of the ensemble system postprocessing. Increase of ensemble dimension through incorporation of additional members – disturbed forecasts from the SLAV-2008 model, and further improvement of the forecast verification system.
· COSMO-RU system: Enhancement of the blocks for the preparation of the initial data for the underlying surface and the lower atmosphere layers using the data of detailed synoptic observations; development of the parameterization scheme of snow cover and turbulent exchange; development of a unified system of verification within the framework of the VERSUS consortium; experimental testing of a system of ensemble mesoscale forecasting on the basis of COSMO-RU.

RSMC Nuvosibirsk and Khabarovsk:

· Development of the model WRF-ARW configuration for detailed numerical weather forecasts and hazardous weather phenomena for the Far East and Siberian regions.

· Development of methods and technology of meteorological elements and weather phenomena forecasting, as well as other numerical characteristics of atmospheric conditions within the regional hydrodynamic model framework.

· Development of embedded forecast components of selected elements and/or weather phenomena at the stations.

· Transaction to 25 and 10 km resolution.

· Development of the numerical hydrodynamic model for prediction of tropical cyclone generation and trajectories.

· Development of the model for prediction of the storm surges at the Far East seas coastline and offshore.

· Development and/or adaptation of the meso-scale models for the largest settlements of the Far East and Siberian regions of Russia with horizontal resolution from one to three kilometers.

6.2.3
Planned Research Activities in Long-range Forecasting
WMC Moscow:

· Experiments with the coupled atmospheric (SLAV) and oceanic (INMOM) model for the hindcast seasonal forecasts;
· Forecast of the statistical characteristics of the extreme meteorological phenomena;
· Study the predictability depending on the phases of the large-scale variability modes;

· Study the predictability while using the different schemes of physical parameterizations.
· Studies in the framework of the North-Eurasian Climate Center (NEACC):

1) Development of the mean forecasts at the stations using super-ensemble of the NEACC’s model with modified adaptation technology on the basis of week discreetness of the model output.

2) Incorporation of the procedure of forecast at the stations into operative scheme of NEACC integrated for 90 days with one week discreetness.
RSMC Novosibirsk and Khabarovsk:

· Modernization and development of physical-statistical methods of long-range (from 1 month to 2 years) forecasting of the monthly average values of meteorological parameters and their anomalies.

7. Consortium

Russia (Roshydromet) is a full member of COSMO (Consortium for Small-scale Modelling) 

7.1. System and/or Model

7.1.1. In operation:

WMC Moscow:

- in operational mode COSMO-RU07 – the COSMO model version (7х7 km) adapted for the WMC Moscow infrastructure for the area from France to the west of Western Siberia and from the Barents and Kara Seas to the Mediterranean Sea.  Number of grid points: 700×620×40

-  Run regularly:

COSMO-RU02-CFO, COSMO-RU02-SFO – the COSMO model versions (2.2х2.2 km) nested in the COSMO-RU07 domain, respectively: for the Central Federal District of Russia (CFO, the calculation domain center is in Moscow, the number of grid points is 420×470×50) and for the Northern Caucasus region (SFO, the calculation domain center is in Sochi, the number of grid points is 420×470×50);
COSMO-RUSIB – the COSMO-RU version with the grid 14х14 km for the area from European Russia to the Far East and from the coasts of the Arctic Ocean seas to the southern boundaries of Russia and Mongolia
RSMC Novosibirsk:

COSMO-RUSIB – the COSMO-RU version with the grid 14х14 km for the area from European Russia to the Far East and from the coasts of the Arctic Ocean seas to the southern boundaries of Russia and Mongolia.

7.1.2. Research performed in this field
· Developing a new configuration of COSMO-RU for the integration domain including the whole territory of Russia with a 6.6-km step.

· Activities within the COSMO working groups: in the physical aspects group (WG3a: participating in the development  of a new turbulence scheme: shallow convection for modeling with a resolution of less than 2 km, WG3b: development of a parameterization of mires, development of a system of improved calculation of water equivalent of snow within the system of snow cover depth data assimilation); WG5: development of algorithms of probabilistic scores for ensemble forecast verification; WG6: testing of new COSMO model versions; WG7: development of mesoscale ensemble modeling)
· Developing a COSMO modeling technology with a 1-km grid.
7.2. Systems run schedule and forecast ranges

COSMO-RU07: from 00 and 12 times: start +02-50, end +03-30, the  maximum lead time is 78 h, products are issued with a 3h step by lead times

COSMO-RU07: from 06 and 18 times: start +02-50, end +03-15, the  maximum lead time is 48 h, products are issued with a 3h step by lead times

COSMO-RU02СFO: from 00 and 12 times: start +03-40, end +04-15, the  maximum lead time is 24 h, products are issued with a 1h step by lead times

COSMO-RU02СFO:  from 06 and 18 times: start +03-15, end +03-50, the  maximum lead time is 24 h, products are issued with a 1h step by lead times

COSMO-RU02SFO: from 00 and 12 times: start +04-20, end +05-25, the  maximum lead time is 42 h, products are issued with a 1h step by lead times

COSMO-RU02SFO:  from 06 and 18 times: start +03-50, end +05-10, the  maximum lead time is 42 h, products are issued with a 1h step by lead times 

7.3. List of countries participating in the Consortium:

Germany, Switzerland, Italy, Greece, Poland, Russia, Rumania.

Each country supports each own technology based on the model codes provided by the Consortium, the initial and boundary conditions from the Deutscher Wetterdienst or from the European Centre for Medium-Range Weather Forecasts global models, and infrastructure elements (verification, post-processing). The model software supports using the initial and boundary conditions from a system of embedded grids.

7.4
Data assimilation, objective analysis and initialization

7.4.1. In operation

The results of the Deutscher Wetterdienst global data assimilation system are used; they are provided for each initial time from the GME global modeling system (the grid step was 30 km in 2011).

7.4.2
Research performed in this field

· Activating the nudging (continuous data assimilation system) supported by the COSMO software for COSMO-Ru07 and COSMO-Ru02. Analysis of efficiency of this system and partial modification of algorithms. 

· Adaptation of algorithms and technology of the 3D-Var global system of the WMC Moscow for data assimilation within the COSMO-RU systems. 

7.5
Operationally available Numerical Weather Prediction (NWP)

 In GRIB:

A wide range of forecast products is provided in the model grid in different vertical coordinates: 

· basic elements:  temperature, wind speed, air humidity, geopotential heights at standard isobaric surfaces, radiation fluxes;

· one-level characteristics: clouds at different levels, near-surface air characteristics: air temperature at 2 meters, dew point at 2 meters, precipitation accumulations, wind speed components and gusts at 10 meters, surface pressure and sea-level pressure, heat and radiation balance components, snow depth and its water equivalent;

· for 8 soil levels: temperature and humidity for each level.

GRIB messages are provided to users according to choice lists via FTP to users’ addresses.

Visualized maps:

about 2000 maps for 00h time are automatically generated in GRADS in graphic formats and are distributed to users’ addresses in the Internet (FTP) and local networks:

· -sea-level pressure + mid-level clouds+ 3h precipitation accumulations;  

· -500 hPa geopotential + near-surface air temperature+ sea-level pressure;

· -near-surface wind and its gusts;

· -heights of convection boundaries and 500 hPa wind.

Some graphical products are published in open access at:

 http://meteoinfo.ru/cosmo-maps ,  http://metavia2.ru/main.php ,http://sibnigmi.ru/cgi-bin/inst/index.pl?5&2 .

Meteograms:

Meteograms in GRADS are generated daily at the WMC Moscow for 250 grid points in Russia and are distributed via FTP, Internet, and local networks to users. Part of meteograms is in open access at http://www.meteoinfo.ru/-cosmo-ru.

In the RSMC Novosibirsk, maps of the output of COSMO-RU14SIB run operationally in Moscow and Novosibirsk are visualized in the automated mode using the domestic system of interactive visualization and are published at the SibNIGMI (Siberian Hydrometeorological Research Institute) site http://sibnigmi.ru/cgi-bin/inst/index.pl?5&76.

7.6
Verification of prognostic products

Temperature and pressure forecast scores are regularly calculated based on the VERSUS-2 COSMO verification system.

The forecast verification is made operationally using the WMC Moscow (Hydrometcentre of Russia) verification system for 12-h precipitation accumulations, temperature, dew point, wind speed and wind gusts, and pressure.  

7.7
Plans for the future (next 4 years)

7.7.1
Major changes in operations

· To organize operational runs of COSMO-RU in new configuration for the whole territory of Russia with a 6.6-km step (in 2013).

· To implement improved analysis of lower-level air temperature and upper-level soil temperature using the information of the Deutscher Wetterdienst global modeling system and SYNOP observations (in 2012). 

· To implement the continuous cycles of data assimilation using the nudging scheme coupled with the calculation of water equivalent of snow and snow boundary mask (in 2013). 

· To carry out works for the numerical weather prediction providing of the Sochi 2014 Olympics based on consolidated achievements of COSMO (CORSO project): mesoscale ensemble modeling, postprocessing, forecast verification, data assimilation, modeling with a  high (less than 2 km) resolution.

· To develop a COSMO technology with a 1-km step (to 2014-2015).

· To modify the COSMO model software by including the mire parameterization in the TERRA underlying surface model (2013).

7.7.2
Planned Research Activities

· Development of a modeling system with a 1-km step: modifications of the numeric method, of physical parameterizations (of the planetary boundary layer, in the first place), and of the continuous observation data assimilation.

· Development of parameterizations of the TERRA underlying surface model.

· Development of parameterizations of the atmospheric turbulence in the planetary boundary layer (PBL).

· Development of object-oriented verification approaches.

· Activities within the COSMO working groups according to the Consortium scientific plan.

8. References

1.Alekseeva A, Losev D., Peskov B., Vasilyev E., Nikiforova A./ The forecast of development of convective zones with dangerous phenomena based the  Regional model of Hydrometeocenter of Russia // 80 years of Hydrometeocenter of Russia, Moscow, TRIADA, 2010, pp.147-159
2. Blinov D., Rivin G., Rozinkina I. The  System  of short-range weather forecasting  COSMO-RU: technology of visualization and of output dissemination // Proceedings of Hydrometcentre of Russia. 2011. − Vol. 346.
3. Boundel A. Astakhova E., Rozinkina I., Semenov A. ., Assessment of probability multimodel seasonal forecast based on the APCC model data., “ Meteorology and Hydrology”, 2011, No. 3, p.p. 5-19.

4. Evteev O.V., Shatunova M.V. Perov V.L., Dmitriebva-Arago L.R. Impact of the heat balance components variations at the underlying surface on the surface temperature based on the results of the numerical experiments with the COSMO-RU model of the Hydrometeorological Centre of Russia. Proceedings of the State Institution “Hydrometeorological Scientific and Research Centre of the Russian Federation. Physics of the Atmosphere and Weather Forecasting.”, Moscow, 2010, Iss. 344, p. 130, (in Russian).

5. .Fadeev R.Yu,.Tolstykh M.A. Simulation of the orography-induced waves with the non-hydrostatic model of the adiabatic atmosphere. Russian Meteorology and  Hydrology. 2009 N9.

6. Florence Rabier, Pierre Gauthier, Carla Cardinali, Rolf Langland, Mikhail Tsyrulnikov, Andrew Lorenc, Ron Gelaro, Peter Steinle, Ko Koizumi. An update on THORPEX-related research in Data Assimilation and Observing Strategies. - Nonlinear Processes in Geophysics. 26 pp. , 2008 (в печати).
7. Gorin V.E. and Tsyrulnikov M.D. Spatial satellite observation-error statistics for AMSU-A data. // Research Activities in Atmospheric and Oceanic Modelling. WMO, Ed. by J. Cote. Report No. 37, 2009.
8. Gorin V.E. and Tsyrulnikov M.D. Spatial satellite observation-error statistics for AMSU-A data: estimation and implications for data assimilation. – Proc. 5th WMO Symp. on Data Assimilation, 5-9 Oct. 2009, Melbourne, Australia, pp.225.1-225.

9. Kazakova T.V., Rozinkina I.A., Machulskaya E.E. Results of testing of the new scheme of the snow cover parameterization during spring snow melting in the model COSMO-RU. Proceedings of the State Institution “Hydrometeorological Scientific and Research Centre of the Russian Federation. Physics of the Atmosphere and Weather Forecasting.”, Moscow, 2010, Iss. 344, p. 147; Moscow, 2010 (in Russian).
10. Losev V.M. Regional hydrodynamic model of the Hydrometcentre of Russia // “80-th anniversary of the Hydrometcentre of Russia” // Collected scientific articles. / Moscow, “Triada, Ltd.”, 2010, p.p.36–58 (in Russian).
11. Lyubitsky Yu.V., et al. Methodic and technology of storm surges forecasting in the Amur estuary and Sakhalin bay. // Proceedings of the Far East Hydrometeorological Research Institute. Jubilee issue “FEHRI 60-s anniversary” Vladivostok, Dalnauka, 2010. p.p. 57-73 (in Russian).

12. Muravyev A., Kulikova I., Kruglova E. Multi-criteria selection of hydrodynamic predictors in a statistical long-range forecast scheme// Research activities in atmospheric and oceanic modeling. WMO Commission for atmospheric sciences, 2009, 6-11.

13. Resnyansky Yu.D., et al. Statistical structure of the spatial variability of thermokhalin oceanic fields based on the data of profile observations using Argo system in 2005‑2007 // Oceanology, 2010, Vol. 50, № 2, p.p. 165-183 (in Russian).
14. Rozinkina I., Astakhova E., Tsvetkov V., Ponomareva T., and Vaskova D. The technology of Operational Global forecasting for 1-10 days based on Spectral NWP Model T169L31 with use the new computer techniques of  WMC “Moscow” Proceedings of Hydrometcentre of Russia. 2011. − Vol. 346.
15. Shatunova M.V., Rublev A.N., Dmitrieva-Arago L.R. Method of solar radiation fluxes calculation. Proceedings of the State Institution Hydrometeorological Scientific and Research Centre of the Russian Federation. “Physics of the Atmosphere and Weather Forecasting”, Moscow, 2010, Iss. 344, p. 25; Moscow, 2010 (in Russian).

16. Shlyaeva A.V., Tolstykh M.A., 2009. Local Ensemble Transform Kalman Filter for Semi-Lagrangian Barotropic Model of Atmosphere. The 5th WMO Symposium on Data Assimilation Extended Abstracts, 2009, Melbourne. – p.p.216.1-216.5.

17. Shashkin V.V., Tolstykh M.A. Semi-Lagrangian mass-conservative advection scheme on the sphere on the reduced grid. WGNE Research activities in atmospheric and oceanic modeling, 2010. (http://collaboration.cmc.ec.gc.ca/science/wgne/BlueBook/2010/individual-articles/03_Shashkin_Vladimir_03_Shashkin_Vladimir_ccsrg.pdf).
18. Tolstykh M.A., et al. Semi-Lagrangian atmospheric model SLAV. Russia // “80-th anniversary of the Hydrometcentre of Russia” // Collected scientific articles. / Moscow, “Triada, Ltd.”, 2010, p.p.193-216 (in Russian).
19. Tolstykh V.A., et al. Simulation of the seasonal atmospheric circulation with the modified Semi-Lagrangian atmospheric model. Proceedings of the Academy of Sciences, Iss. Physics of the Atmosphere and Ocean, 2010, Vol.46, N2. p.p. 149-160 (in Russian).

20. Tolstykh V.A. Global Semi-Lagrangian model for numericak weather forecasting., Obninsk, LSH FOP, 2010, 111 p.p. (in Russian).
21. Tolstykh M.A., Bogoslovskii N.N., Shlyaeva A.V., Mizyak V.G. Operational technology for computing global forecasts using semi-Lagrangian atmospheric model SLAV// Proceedings of Hydrometcentre of Russia. 2011. − Vol. 346. − P. 170-180

22. Tolstykh M.A., Mizyak V.G. Parallel version of the semi-lagrangian model SL-AV with the horizontal resolution of about 20 km // Proceedings of Hydrometcentre of Russia. − 2011. − Vol. 346. − P. 181-190
23. Tolstykh M.A., Shashkin V.V. Vorticity-divergence mass-conserving semi-Lagrangian shallow-water model using the reduced grid on the sphere. J. Comput. Phys. 2012. V. 231. P. 4205-4233

24 Tsyrulnikov M.D. Is the Local Ensemble Transform Kalman Filter suitable for operational data assimilation? - COSMO Newsletter N 10, 2009, 22-36. http://www.cosmo-model.org/content/model/documentation/newsLetters/newsLetter10/cnl10-03.pdf
25. Verbitskaya E.M., Losev V.M., Romansky S.O. // Proceedings of the Far East Hydrometeorological Research Institute. Jubilee issue “FEHRI 60-s anniversary” Vladivostok, Dalnauka, 2010. p.p. 25–56(in Russian).

26. Vilfand R.M., Rivin G.S., Rozinkina I.A., Non-hydrostatic meso-scale short-range weather forecast system of the Hydrometcentre of Russia COSMO-RU: the first phase of the implementation and development – Russian “ Meteorology and Hydrology”, 2010, No. 11, p.p. 5-19

27. Yurova Alla, Tolstykh Mikhail. Introduction of mire parameterization into numerical weather prediction model SLAV. WGNE Research activities in atmospheric and oceanic modeling, 2010.

28. Zelenko A.A., et al. Monitoring of large-scale structure of the oceanic hydrphysical fields. // Collection of articles “Contemporary problems of ocean and atmosphere dynamics”, Moscow, “Triada, Ltd.”, 2010. ISBN 978-5
