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1.
INTRODUCTION

The forecasting of severe weather and extreme climate events is one of the major challenges facing meteorological services worldwide and more so in the tropics.  The severe weather events in Africa are associated mainly with thunderstorms, squall lines, tropical cyclones, hail storms and dust storms.  The strong  gust winds and flash floods resulting from thunderstorms, squall lines or tropical cyclones cause losses of lives and extensive damage to property and infrastructure.  The major concerns in the forecasting of severe weather include:

Possibility of occurrence, intensity and locations to be affected.  The timeliness of issuing the forecast to provide adequate response to users is also one of the concerns. In areas where severe weather forecasting is well developed, the various elements associated with the occurrence are defined.  For example

(a) The specific parameters and threshold for occurrence.

(b) The evolution of meteorological parameters and patterns associated with the occurrence and

(c) The climatology, which include the potential areas of occurrence.

The methods that forecast the occurrence of thunderstorm tend to be based on the atmospheric properties that are conducive for the occurrence.  The methods put into consideration observational data, model outputs, satellite images and information from radars.  It would be a good idea to develop indicators and their threshold that may help in forecasting severe weather.  The available indicators and most of the methods used in most of  the NMHSs in Africa are adopted and may not have been calibrated to suit the conditions of specific regions.

Regarding the prediction of extreme climate events, reasonable efforts have been made.  However, there is still significant challenge in monitoring the events and predicting the onset, intensity and duration.  Also another challenge in the area is to develop risk zones maps.  In this paper, the various challenges facing NMHSs in Africa in forecasting severe weather and extreme climate events are discussed.

2.
Challenges

The challenges in the forecasting of severe weather and extreme climate events in Africa may be divided into:

(a) Availability of Historical and Real Time data;

(b) Human resource and computing capacities;

(c) Complex physical features;

(d) Capacity of the forecasters to receive and use the available products and 

(e) Supporting policies and the capacities of the users to apply the information.

2.1
Availability of Data
The data required for improving the forecasting of severe weather and extreme climate events include historical and real time data.  The needs of the two data types differ and are discussed separately.

2.1.1
Availability of Historical Data

The availability of long record is very important for improving the forecasting of severe weather and extreme climate events.  The long records are important for:

(a) Understanding the characteristics and patterns of severe weather and extreme climate events;

(b) Developing linkages with the associated systems;

(c) Calibrating the models; and

(d) Delineating the risk and vulnerability zones.

Any modeling and prediction needs adequate data to develop and verify the model.  Historical data in the region are either not available or are in media that make them not accessible.  It is not unusual to find that most of the data in the National Meteorological/Hydrological services in Africa are kept on papers.  Such papers are easily damaged and a lot of data lost.  Some of the historical data are also kept on computer tapes, which cannot be read by the available computer facilities.  The poor state of data negatively  on research.

Another challenge regarding the historical data is that majority of the stations do not have long records.  The sparse historical data cannot adequately provide historical patterns that may help in forecasting severe weather and extreme climate events. The small scales of the majority of the systems associated with the occurrence need dense data networks to sample adequately.  The most affected data is the upper air data.  Majority of the stations closed down or do not perform a complete programme due to the high cost of consumables.  This will be a major challenge for modeling the tropical systems affecting Africa such as squall lines, tropical cyclones, thunderstorms, hail storms and dust storms.

The majority of these systems need upper air data to be able to understand their characteristics adequately.  For example the squall lines of West Africa are known to form equatorward of the Inter-tropical Convergence Zone and African Easterly Jet at 700-600hpa, and pole-ward of the Tropical Easterly Jet at 100‑150hpa (Carlson, 1969 and Fortune, 1980).  Any efforts to simulate the squall lines of West Africa may have to simulate adequately these important properties to be able to determine the actual locations of these key features.  The inadequate upper air data would be a major hindrance.  However, the proxy satellite remote sensing data may help in simulating some of these properties.  The satellite records are not very long and may not be able to capture various characteristics of the storms.  Such data also need calibration.

Thunderstorms also frequently occur in Eastern and Central Africa.  Studies conducted in East Africa associated the occurrence of severe weather in Lake Victoria Basin of East Africa to the interactions between the Lake Breeze and large-scale synoptic circulation.  The studies also indicated that deep convective development was enhanced with the incursions of westerlies (Asnani and Kinuthia, 1979; Alusa, 1986)  in the lake basin.  Okeyo (1992), using a Numerical Weather Prediction Model, observed that the maximum condensation heating inside the convective clouds over East Africa occurred at 600hpa, slightly above the level of maximum up-droughts.  One major challenge in predicting severe weather over East Africa is the capability to simulate the complex physical features and lack of data.  Lake Victoria and the Indian Ocean have inadequate or no data.

Tropical cyclones affect directly southern parts of Africa and indirectly, Eastern Africa.  One major challenge of predicting the tracks and landing of these tropical cyclones is lack of adequate data.  Some occurrences are very unique and rare, for example the cyclones, which cross from the Indian Ocean to the Atlantic.  However, a lot of progress has been made worldwide  in predicting occurrence and tracks.

2.1.2
Availability of Real Time Data

Real time data is very essential for any efficient forecasting.  In Africa availability of real time data is affected by telecommunication networks and poor infrastructure.  For the forecasting of severe weather, satellite and Radar Remote Sensing data would be very useful especially in areas with sparse data networks.  Satellite data is used by most of NMHSs.  The final implementation of the Meteorological Transition in Africa Project  will avail more useful Satellite data.  However, information from radar is very useful for simulating and predicting severe weather, but is only available in few areas in Africa.  

2.2
Human Resources and Computing Capacity

Skilful human resource is an important component in forecasting severe weather and extreme climate events.  The human capacity in Dynamical forecasting methods is still very low in the region.  The Dynamical forecasting methods are more suited for forecasting severe weather due to the good performance in the short range.  However these methods need adequate information to capture the characteristics of the events.  The data should be available both in space and time to capture the spatial and temporal characteristics.  The poor telecommunication networks in Africa hampers timely availability of data.  The speeds of the hired links in the majority of the countries in Africa are low and are not adequate to down load the required data to run numerical weather prediction models operationally.

On the forecasting of extreme climate events, the specialized centers, ACMAD, ICPAC and Drought Monitoring Centre, Harare have created some critical mass in statistical modeling, which are more suitable for monthly to seasonal forecasting of extreme climate events.  These methods need long records to capture a large number of climate extremes.  If a model is developed for a period when a particular climate extreme was dominant, it is likely to have a bias towards predicting that particular event.  The long records as stated earlier are not available for most of the locations.

For both methods, Dynamical and Statistical, computing capacity is still very low in the region.  It is not unusual to find an NMHS in the region having one personal computer to address all the needs of the institution.

It should be observed that the forecast available from advanced centers are extensively used in the region.  However, one major limitation is verification to help the modelers include the peculiar regional characteristics.  It should also be noted that training is necessary to enable the forecasters take full advantage of the products from the advanced centers.

2.3
Complex Physical Features

Modelling physical features continue to be a major challenge for modelers and hamper the skill of the forecasts.  Parts of Africa have mountains, valleys, lakes and deserts, which may not have any meteorological observation Network.  They, however, generate circulation patterns, which interact with the large-scale flow to modulate the weather and climate of the neighbouring locations.  It is, therefore, important for us to understand how these features interact with the large-scale circulation patterns associated with severe weather. Studies in West Africa and East Africa have shown marked influence of the physical features on the occurrence of severe weather (Asnani and Kinuthia, 1979; Fortune, 1980).  Lack of data makes it difficult to analyse the effects of the Sahara Desert, Kalahari Desert, Lake Victoria, Mt. Kilimanjaro, the Congo forest, Atlantic Ocean, the Indian Ocean, just to mention a few. 

2.4
Capacity of the forecasters to receive and use the available products 

There are a lot of products available on internet provided by the advanced centers. Countries with capabilities to download and interpret the products utilize these products to improve the skills of their forecasts. The efforts by World Meteorological Organization to train forecaster on model output interpretation is highly appreciated. Such trainings should be continued to enable the NMHSs in the region benefit from the advances in the science by taking full advantage of the NWP products.

In general, majority of NMHSs in Africa do not have adequate internet facilities to download the available NWP products. I am aware that one of the proposal in the WMO RA-I Strategy For the Improvement of World Weather Watch basic systems, the provision of internet facilities was considered as one of the important activities.

2.5
Supporting Policies and the Capacity of the Users to Apply the Forecasts of Severe Weather and Extreme Climate Events

A forecast that does not trigger action is actually useless.  An accurate forecast with no action is worse than an inaccurate forecast with action.  Majority of Governments in the region are only catching up with the reality that weather and climate affects the well-being of the nations.  Some Governments are developing or have developed policies to address severe weather and extreme climate events, which often translate into disasters.  However, it is not unusual to find some policies not considering weather and climate as an essential component for the management of natural disasters.  These anomalies make it difficult for NMHSs to be allocated adequate resources to improve human resources and infrastructure essential for improving the quality of forecasts.  The challenge here is to change the attitudes of the policy makers.  Would demonstration projects help?

Once policies are in place, the capacity of the communities to apply the forecasts is very important. How do people react once a warning is released?  Majority will not move and continue to hope that the warning goes wrong.   Such  slow actors end up loosing, not only property but also lives.  Hence, education and awareness for the community is very vital.  The other challenge in the application is the speed of dissemination.  The telecommunication facilities in most countries are obsolete or non-existent.  Severe weather forecast are short notice forecasts and need to move at high speed to reach the uses in good time to have adequate time for taking the necessary action.

The five components providing the challenges need to be addressed in any effort towards improving the capacity in forecasting severe weather and extreme climate events.

3.
Conclusion
The forecasting of severe weather and extreme climate event is the most important contribution of any NMHSs to the national development. Communities always develop capacities to live with weather and climate events within the range of the climate of a region.  The community cannot accommodate large variation beyond the mean climate.  Every effort needs to be made to improve the capacities to predict severe weather and extreme climate events.  The challenges numerated in the discussion call for resources and research to improve our understanding of the processes especially in the data sparse areas, which may influence our forecasts.  We may also need to improve the capacity of the forecasters to take full advantage of the  available products and users  to utilize the forecasts.
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