ANNUAL JOINT WMO TECHNICAL PROGRESS REPORT ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM AND RELATED RESEARCH ACTIVITIES ON NUMERICAL WEATHER PREDICTION RESEARCH ACTIVITIES FOR 2013
Kenya Meteorological Service
1. Summary of highlights
The Kenya Meteorological Service (KMS) runs the non-hydrostatic Consortium of Small Scale Modelling (COSMO) and Weather Research and Forecasting (WRF) Model at 7-km resolution. The two model cycles are being run at 00UTC and 12UTC on the same day; hence the two model cycle outputs are compared. KMS has been designated as a Regional Specialized Meteorological Centre (RSMC) for Severe Weather Forecasting Demonstration Project. The regional center has the responsibility to interpret information received from global Numerical Weather Prediction (NWP) centres as well as the model outputs from COSMO and WRF, prepare daily guidance products (up to day-5) for National Meteorological Centres (NMCs) of the Member Countries, run limited-area model to refine products, maintain RSMC Web site and liaise with the participating NMCs through teleconferencing and other means.
2. Equipment in use

KMS acquired a High Performance computing platform known as the Integrated Meteorological Information System (IMIS). The HP Linux Cluster is based on Blade solution, with the following configuration: 

· 24 -computation nodes;

· 2- Master cluster nodes;

· 3- Database nodes;

· 2-Supervision & Scheduling & Processing nodes for mastering, supervision and control;
· 1-spare- node. 
The operational system is composed of an 8-node workstation with the following features: 

· 2 Quad Core  Central Processing Units;

· Load scheduler
· 1-Terrabyte Hard Disk. 
3. Data and Products from GTS in use
· SYNOP/MARINE REPORT AAXX/ BBXX
· TEMP REPORT-TTAA, TTBB, TTCC, TTDD 

· PILOT REPORT- PPAA, PPBB, PPCC, PPDD
· MARINE SHIPPING Data (Shipping Information)
· AVIATION (METAR’s SPECI’s, TAF’s, ROFOR’s)
4. Forecasting system
4.1 System run schedule and forecast ranges
KMS is currently running operationally two NWP models namely the Consortium for Small-Scale Modeling (COSMO) and the Weather Research and Forecasting (WRF) model. 
4.1.1 COSMO

The COSMO-Model is a non-hydrostatic Limited-Area atmospheric prediction model. It has been designed for both operational Numerical Weather Prediction (NWP) and various scientific applications on the meso-β and meso-γ scale. The COSMO-Model is based on the primitive thermo-hydrodynamical equations describing compressible flow in a moist atmosphere.
The model equations are formulated in rotated geographical coordinates and a generalized terrain following height coordinate. A variety of physical processes are taken into account by parameterization schemes.
Besides the forecast model itself, a number of additional components such as data assimilation, interpolation of boundary conditions from a driving host model, and post-processing utilities are required to run the model in NWP-mode, climate mode or for case studies. 
The basic version of the COSMO-Model (formerly known as Lokal Modell (LM)) has been developed at the Deutscher Wetterdienst (DWD). The COSMO-Model and the triangular mesh global grid-point model GME form – together with the corresponding data assimilation schemes – the NWP-system at DWD, which is run operationally since end of 1999. Data assimilation for COSMO is carried out at the DWD, which sends the 3-hour Initial and Lateral Boundary data sets from the German Global Modell (GME) to KMS, Nairobi, via the GTS link. This is done twice daily for the corresponding data of 00UTC and 12UTC and hence run respectively for 3 days.
The subsequent developments related to the model have been organized within COSMO, the Consortium for Small-Scale Modelling. COSMO aims at the improvement, maintenance and operational application of a non-hydrostatic Limited-Area Modelling (LAM) system, which is now consequently called the COSMO-Model. COSMO is running operationally at 7km resolution at 0000UTC and 1200UTC in Kenya Meteorological Service. COSMO is running operationally on the IMIS while the same model is run on a workstation for operational research.
4.1.2 WRF

The National Weather Service's (NWS) Science and Operations Office (SOO) Science and Training Resource Center (SOO/STRC) Weather Research and Forecasting (WRF) Environmental Modeling System (EMS) is a complete, full-physics, numerical weather prediction (NWP) package that incorporates dynamical cores from both the National Center for Atmospheric Research (NCAR), Advanced Research WRF (ARW) and the National Center for Environmental Predictions (NCEP) Non-hydrostatic Mesoscale Model (NMM-WRF) releases into a single end-to-end forecasting system. Nearly all the capabilities of the individual NCEP and NCAR releases are retained within the STRC EMS. However, installation, configuration, and running of the NCEP and NCAR versions has been greatly simplified to encourage its use by NWS forecast offices and the university community. No compilers are necessary as statically-linked x32 and x64 binaries are provided for both distributed and shared memory Linux systems.  WRF is running operationally on the IMIS while the same model is running on a workstation for operational research.
The MPICH executables are also included for running on local clusters across multiple workstations 

The WRF EMS support 1-way nesting with the WRF NMM core and 2-way nesting with the ARW core. 

The WRF post currently can output fields on 47 pressure levels including 2, 3, 5, 10, 20, 30, 50, 70, 75, 100 to 1000 every 25, and 1013 mb. 
4.2 Medium range forecasting system (4-10 days)

4.2.1 Data assimilation, objective analysis and initialization

4.2.1.1 In operation

KMD is currently not doing data assimilation but plans are underway start data assimilation into the NWP models in the near future.
4.2.2 Model

4.2.2.1 In operation

The COSMO model has been implemented on a Linux Cluster. The model is initialized using the GME output datasets from DWD operational runs of the global model. It is run at 7km resolution with 60 levels and the time range is 120 hours. 
The Numerics of COSMO Include the Following:
· Regular or rotated latitude/longitude grid;

· Mesh sizes between 0.0625° (~ 7 km);

· Arakawa C –grid stagger, second order centered differencing;

· Hybrid vertical coordinate, 30 to 60 layers ;

· Split semi-implicit time stepping; t = 45s at = 0.0625°;

· Helmholtz equation solved by direct method Fast Fourier Transformation (FFT) and Gauss solver;

· Lateral boundary formulation ;

· Radiative upper boundary condition as an option ;

· Linear fourth-order horizontal diffusion, slope correction for temperature;

· Adiabatic implicit nonlinear normal mode initialization.

The Physics of COSMO are as follows:

· Two stream radiation scheme including long- and shortwave fluxes in the atmosphere and at the surface; full cloud - radiation feedback; diagnostic derivation of partial cloud cover (relative humidity and convection);

· Grid-scale precipitation scheme including parameterized cloud microphysics; 

· Mass flux convection scheme differentiating between deep, shallow and mid -level convection;

· Level-2 scheme of vertical diffusion in the atmosphere, similarity theory at the surface;

· Two-layer soil model including snow and interception storage; three-layer version for soil moisture as an option.

The visualization software used to display the model output includes Grid Analysis and Display System (GraDS) and Vis5D. 
Numerical Techniques of WRF
The WRF model is a fully compressible, nonhydrostatic model (with a hydrostatic option). Its vertical coordinate is a terrain following hydrostatic pressure coordinate. The grid staggering is the Arakawa C-grid. The model uses the Runge-Kutta 2nd and 3rd order time integration schemes and 2nd to 6th order advection schemes in both horizontal and vertical directions. It uses a time-split small step for acoustic and gravity-wave modes. The dynamics conserves scalar variables.

WRF Model Physics 

WRF offers multiple physics options that can be combined in any way. The options typically range from simple and efficient to sophisticated and more computationally and costly ones as well as from newly developed schemes to well tried schemes such as those in current operational models.
4.2.2.2 Research performed in this field

Verification of the COSMO and WRF is ongoing using observed data.
4.2.3 Operationally available Numerical Weather Prediction Products
Computations are done for various model fields including: 

Surface pressure (Ps) ; Temperature (T0); Water vapour (qv0) ; Cloud water(qc) ; Cloud ice (qi) -optional ; Horizontal wind (u, v); Several surface/soil parameters; Vertical velocity (Geopotential height (Cloud cover (clc) ; Diffusion coefficients( tkvm/h); Precipitation

4.3 Short Range Forecasting System (0-72 hrs)
KMS issues 24-hr forecasts using products from major NWP centres such as the ECMWF, NCEP, Meteo France and UK-MetOffice. KMS is also a designated Regional Specialized Meteorological Centre (RSMC) for Severe Weather Forecasting Demonstration Project (SWFDP) for the Eastern African region. KMS issues severe weather forecast for the region using products from the above mentioned NWP centres as well as the outputs run from COSMO and WRF. 
4.5 Specialized numerical predictions 

The Kenya Meteorological Service (KMS) is in the process of operationalising wave forecasting using oceanic wave models. Currently KMS is responsible for providing marine weather forecast for ships plying the Western Indian Ocean region. KMS currently receives the Sea-state products from the Meteo France Arpege global model. The products are disseminated from Meteo France using the World Meteorological Organization (WMO) Global Telecommunication system (GTS). The products are displayed using the Synergie Forecaster workstation strategically placed at the Mombasa port and at KMS headquarters. KMS also receives Ocean products from the Global Ocean Data Assimilation Experiment (GODAE) website on Ocean analysis and forecasts which are disseminated to the Kenyan coast for safety of life and navigation at sea. Daily Sea surface Temperature observations are also received from NCEP Marine Modeling and Analysis Branch website. Surface current observations are also obtained from the Ocean Surface Current Analyses-Real time (OSCAR) website.The weather products will be broadened to cover storm surges.

KMS installed three tidal gauges along the Kenyan coast and hopes to even add more marine equipment along the Kenya’s continental shelf. The impacts of tides and strong waves on the erosion of the coastline and shoreline change need to be studied closely using high-scale numerical coastal models. KMS is in the process of setting up a network of equipment along the Kenyan coast including the expensive Acoustic Doppler Current Profilers (ADCP) in order to accumulate critical data that would be used in generating Wave Models for the region. KMS is also actively involved in international efforts to put up Ocean observing systems in the Western Indian Ocean whose data will be used in running Ocean Models for Sea-state and Storm surge warnings. 
4.5.1 Current Operational Status
The NWP division in conjunction with the National Meteorological Forecast Office issues daily shipping forecast for our region of responsibility (METAREA VIII). The Department receives Storm/Tropical cyclone warning/alert/advisory bulletin for the South western Indian Ocean area from the Regional Tropical Cyclone Centre based in Re-Union Island. The Storm/Tropical cyclone Warning/Advisory is then disseminated to our region of responsibility for safety at sea and navigation. KMS also issues severe weather forecast for the region using the above mentioned NWP centres.
4.5.2 Future Projections/Plans
The NWP division is already implementing the NCEP Wavewatch III model products for the Western Indian Ocean. The Division is also developing hydrodynamic products to model tidal currents and marine pollution transport along the Kenyan coastline. The hydrodynamic products when operational will also be used to model storm surge and sea level/tidal variations along Kenyan Coast.

4.6 Extended range forecasts (ERF) (10 days to 30 days)
4.6.1
Models In operation
KMS issues monthly forecasts using Empirical/statistical models and model outputs from GPCs.
4.6.2 Validation of the statistical models is regularly performed. 
4.6.3
Operationally available EPS products.
KMS uses ten day ECMWF, NCEP and UK EPS products.
4.7 Long range forecasts (LRF) (30 days up to two years) 
4.7.1
In operation

KMS issues seasonal (3-months) forecasts using Empirical/statistical models. This is supplemented by products from Global Producing Centre (GPC) products in doing Long range forecasting (LRF) and these are NCEP from USA, Melbourne from Australia, ECMWF and Exter from UK, however, the Kenya Meteorological Service is planning to customize Regional Climate models to be used in the region.
5 Verification of prognostic products

5.2 Research performed in this field
Verification of the two models is still ongoing. The model output products being considered in the verification exercise are the temperature, wind fields, precipitation and moisture. So far the two models are doing quite well over this region.
6 Plans for the future (next 4 years)

6.2 Development of the Subproject and approval

The Severe Weather Forecasting Demonstration Project (SWFDP) in Eastern Africa is focused on severe weather forecasting and warning services for the benefit of the general public and socio-economic sectors, in particular agriculture and fisheries.

The SWFDP in Eastern Africa has two major components; one that is aimed at improving the severe weather forecasting and warning services for the benefit of the general public and socio-economic sectors, in particular agriculture; and another component focusing on improving severe weather forecasting and warning services over the Lake Victoria (safety and protection of fishers in a near-shore). 

The regional subproject focuses on the following severe weather events in order of decreasing priority (and associated hazards such as flooding, droughts, etc):

a) Heavy rain/flooding and deficit of precipitation/dry spells;
b) Strong winds in relation to thunderstorms and any other phenomena over the Indian Ocean and major lakes; and

c) Hazardous Indian Ocean and major lake waves.
The project has included Lightning, Hail, Extreme temperature and frost forecasts.

KMS has plans to: 
· Expand the spatial observational network using latest technologies; 
· Acquire a Climate DataBase Management System to manage the increasing observational data;  and 

· Implement data assimilation.

6.3 Planned research Activities in NWP, Nowcasting, Long-range Forecasting and Specialized Numerical Predictions
The information provided here pertains to the operational COSMO model as well as the Weather Research and Forecasting (WRF). Ongoing research activities in respect of these models include the following:

· Development of Model Output Statistics (MOS)

·  Validation of the model products against the actual observations on a location-to-location.

· Examination of models performance is being done by the use of correlation analysis as well as comparison with other model outputs such as Meteo France (MFR), Climate Prediction Center (CPC)/African desk and the European Center for Medium –range Weather Forecasts (ECMWF).
Besides the four fundamental elements alluded to above, a number of activities geared towards research and development are envisaged. These include:

· Assessment of the potential of Ensemble Prediction Systems (EPSs) in medium-range and seasonal weather forecasting

· Data assimilation of both surface and upper air (Radio-Sonde) atmospheric sounding data for East African stations with such data;

· Continuously evaluate and publish the performance of the regional model by validating the outputs against observed data

· Seek means and ways of obtaining real time data to effect the running of the other already installed models i.e. The Regional Atmospheric Modeling System (RAMS)), the NCEP/ETA as well as the Weather Research and Forecasting (WRF) models.

· Expand the flood forecasting model to other water catchment areas vulnerable to flooding.
· Participate in the forthcoming November 2014 Capacity building workshop on Wave modelling.

· Participate The second phase of the Hydrodynamic modelling project.
There is also intention of acquiring and installing 4 radars countrywide. The data obtained from the radar systems combined with satellite data will be used in nowcasting of severe weather over this region.
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