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Summary and purpose of document

This document is to present an overview of the modelling contributions from the UK Met Office to RAI - SWFDP East Africa and the opportunities for developing more targeted forecasting information, particularly in diagnosing severe convection.
Action Proposed
The attendees at the workshop are invited to review the paper and provide feedback.
1.  Overview
1.1
The Met Office UK would be able to offer a range of products and training in support of the SWFDP for Eastern Africa. Met Office NWP encompasses high resolution, mesoscale, regional and global scale models together with an ensemble prediction system known as MOGREPS (Met Office Global regional Ensemble Prediction System) and the ATD Lightning detection system.
1.2
MOGREPS is a 24-member ensemble run by the UK Met Office. The global ensemble, run at horizontal resolution of 60km resolution and 70 levels in the vertical, is available in two modes; MOGREPS-G which runs to 3 days and MOGREPS-15 which runs to 15 days at ECMWF as part of the THORPEX TIGGE project. Model outputs will be provided which include: site specific EPS meteograms, known as EPSgrams; tailored regional precipitation threshold probability charts; wind speed threshold probability charts; spaghetti diagrams; and tropical cyclone track forecasts.  Participating countries in an SWFDP for Eastern Africa are encouraged to identify two different locations (preferably synoptic stations to allow for verification) for which the Met Office UK will provide EPSgrams.
1.3
The Met Office UK is currently running a suite of deterministic models and associated products consistent with the requirements of the SWFDP Implementation plan.  The Met Office Global NWP model products are provided via the GTS/EUMETCAST at a resolution of around 25km resolution. By the end of 2012 the Global model resolution will increase from 25km to either 16km or 20km. 

1.4 
The Met Office also runs a Limited Area Model for Africa (Africa-LAM), and as part of the VCP commitment, has supported enhancements to the model by bringing the resolution to 12km in March 2011. The model has daily outputs of a variety of parameters out to T+54. The model data is disseminated via EUMETCAST and images are made accessible via a password protected website (www.metoffice.gov.uk/weather/africa/lam/

; Username: afr_nms, Password: uk_alam). The Met Office is planning to retire the 12km Africa LAM in late 2012, replacing it with the higher resolution global model which will have comparable performance and resolution. http://
2. Met Office 4km Lake Victoria model
2.1 
The Met Office is running a high resolution 4km model necessary to capture the convective processes that dominate weather in the Lake Victoria region. The Lake Victoria region is particularly prone to severe convective activity, largely caused by the contrast in temperatures between the Lake itself and the surrounding land, especially at night.  Hazardous conditions include severe storms, gust fronts, and lightning and it is estimated around 5000 fishermen are killed every year on Lake Victoria.  The storms are often then brought over land by the predominating southeasterly winds.    

2.2
Such convective storms are not generally well captured by the current resolution of the SWFDP regional African LAM model, but the dynamical features driving these storms can be resolved in a 4km Lake Victoria model
, the data available via a password protected website www.metoffice.gov.uk/weather/africa/lam/

. The 215 x 240 grid point model has daily outputs of a variety of parameters out to T+48 and is driven by the 25km global model. The 4km model is now assimilating the OSTIA database (Operational Sea surface Temperature and sea Ice Analysis) providing better representation of the Lake temperature in the model, which in turn provides more accurate wind and precipitation forecasts. http://
2.3
The development of hazard diagnostics derived from the Lake Victoria model and displayed via EUMETCAST could bring additional benefits to forecasters. If resources are identified, a number of diagnostics could be developed and made available at 3 hourly time-steps to T+36 covering; 
· Lightning 

· Hail size 
· Wind gusts

· Tornado index (based on low level helicity)

· Pre-storm environment diagnostics;

· Extreme rainfall indicators 
· Wind shear and direction (0-1 and 0-6km) to determine convective type and severity e.g. forward and backward propagation systems
· Diluted CAPE which takes account of entrainment and Convective inhibition, and;
· Low level Jet wind core speed and curvature (e.g. Somalia jet)

2.4 
Its worth noting that the skill and usefulness of NWP forecasts will vary from case to case and will depend on a number of key factors: 

· The inherent predictability of the event, which is partly determined by the meteorological situation.

· The ability of the model, on a given occasion, to capture any relevant dynamical features in the pre-storm environment. These may be disturbances in the flow in the middle or upper troposphere that on some occasions will move into the high resolution domain during the course of a forecast. 

· The ability of the model, on a given occasion, to represent local dynamics such as lines of convergent winds or air ascending over hills. These features should be better represented in higher resolution models.

· The ability of the model to accurately represent the physical processes that occur within the clouds and the subsequent effects on the local environment, again, a function of model physics and resolution.

· The accuracy required for a successful forecast. It is more difficult to predict whether an extreme rainfall event will occur somewhere within a smaller geographical area (e.g. small river catchment) than a larger one.

2.5 
The uncertainty associated with forecasting convection (extreme or otherwise) can by classified into three types:

· The initiation and maintenance of storms is dominated by local effects such as lake-breeze convergence. This should be the most predictable situation and are usually well predicted in the high resolution Lake Victoria model following assimilation of the OSTIA database.

· The initiation and maintenance of storms is often dominated by dynamical features in the pre-storm environment. There may by complex interactions with local effects and significant organisation of the storms. The predictability of the storms is strongly tied to the predictability of the pre-storm environment – hence the provision of hazard diagnostics describing the pre-storm environment could increase predictability and awareness (see section 2.3)

· The initiation of the storms depends on subtle local variations in wind temperature and humidity that are not easily observed and the maintenance is strongly determined by the dynamics of the storms themselves. These storms tend to be localised and are the most difficult to predict.

2.6
Therefore skill of a forecast depends on getting the relevant meteorological components correct both at the start and during the evolution of the forecast. High resolution is essential for capturing some of these components. Further research into improving the use of observations at the beginning of forecasts by applying new and improved data assimilations methods is needed and is likely to be the most fruitful avenue for forecast improvement (particularly for short forecasts). We should also recognise that dynamical features that may come from outside the high-resolution domain play an important role in thunderstorm and cyclone development. The uncertainty in those features can best be addressed by using an ensemble of forecasts at coarser resolution. 

3. Met Office ATDnet Lightning detection system
3.0
In the view of the need to improve the use of satellite imagery and observations, the Met Office UK is providing ATDNet (Arrival Time Difference Network) Lightning data over Africa overlaid with I.R imagery. The ATDnet primarily detects cloud-to-ground lightning due to the amount of electric current flowing through (but has also been shown to pick up cloud to cloud). The system can detect over 70 lightening strokes per second at ranges over 10,000 km, but needs at least 4 sensors to detect the same lightning stroke to determine position; so the number of sensors near an area of interest is an important aspect in determining the lightning detection efficiency.  

3.1
The installation of more sensors in Africa will significantly improve the current location accuracy – the Met Office is currently in the process of installing a new sensor in Namibia. The installation will provide greatly improved location accuracy over central Africa immediately upon installation, with the benefits extending to all of Africa when additional sensors and algorithms are deployed in the near future. Typical location accuracies are currently about 20km but will reduce to around 5km as the new sensors are put in.
3.3
The lightning detection system could be a useful tool for forecasters to use to complement satellite systems and other observational data for nowcasting during severe rainfall events and is now available via EUMETCAST accessible and updated hourly via the password protected website.
4. Training and mentoring
4.1 
The Met Office would be able to continue to provide trainers and mentors to support the training component of the SWFDP. The Met Office can provide a trainer and mentor who is an expert in the interpretation of NWP products, and in particular ensemble and high resolution model products for severe weather forecasting. The Met Office could also supply a Public Weather Service Advisor, who is expert in interpreting forecast outputs for specific stakeholder groups and communicating forecast messages in a format that can be easily interpreted and acted upon.

� Though noting, to truly explicitly represent the physical dynamics of a convective storm system will require resolutions in the order of 1km or so





