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Summary and purpose of document

This document provides background information related to the CG-FV, including SWFDP Southern Africa project experiment.
Action Proposed

The meeting is invited to comment and advise on follow-up actions, and to consider them during discussions under the relevant agenda items.
1 Introduction

Tanzania is one of states involved in Severe Weather Forecasting Demonstration Programme (SWFDP) in Southern Africa that took place from 6 November 2006 to 9 November 2007. The number of participating countries has been increasing to sixteen countries - Angola, Botswana, Comoros, DR-Congo, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia, Zimbabwe including regional (RSMC Pretoria, RSMC La Réunion) and global centres increasing precision, reliability and lead-time provided by Numerical Weather Prediction (NWP) systems, for weather forecasting and the provision of meteorological services, they have also become a very relevant component of routine and severe weather forecasting processes at TMA services. Participation of NMHSs, for example TMA in SWFDP has been increasing the capacity of severe weather forecasting and warning services in their respective countries. 
2 NWP Product available from regional and global centres

From regional and global weather/climate processing centres, a number of products are available through SWFDP Southern Africa (http://www.weathersa.co.za/RSMC/) in form of deterministic and probabilistic forecasts including their short range and medium range Ensembles Prediction System and Extreme Forecast Index.

The Deterministic and EPS products from ECMWF, MET. OFFICE, RSMC UM-SA12, and NCEP have continued to assist forecasters in their daily duties particularly in forecasting severe weather events. Tanzania Meteorological Agency has seen significant improvement in forecasting by using interpretation of probabilistic forecasts from the NCEP, ECMWF and MET. OFFICE. This includes other products of the Extreme Forecast Index (EFI) from ECMWF, MOGREPS from MET. OFFICE and Global Ensemble Forecast System (GEFS) from NCEP. SAWS-EPS products at the beginning of January 2010 were also used together with ALADIN model for Tropical Cyclone forecasts over south-western Indian Ocean.

The SWFDP products received from global centres continued to be very useful especially in heavy precipitation and strong/gust wind forecasts as important tool in early warning services by providing a significant time lead of severe weather events occurrences. 

TMA also utilize other products from WMO Lead Centres through Korea Meteorological Administration (KMA) (http//www.wmolc.org) whereby number global weather/climate Processing Centres like Benjin, Exeter (UK), Melbourne (Australia), Montreal (Canada), Moscow, Pretoria, Seoul (South Korea), Tokyo, Toulouse and Washington.

Interpretation of available products supports the severe weather and warning services for better utilization in daily, dekadal weather forecasting, monthly and seasonal outlooks, public weather services and forecast verification. Verification of forecasts is done purposely for improving the prediction skills on forecasting.

2 NWP Forecast Verification issued by NMHSs for example TMA
Verification is very vital for monitoring the forecast quality, improve the forecast quality and to compare the performance of different forecast methodologies. Forecast Verification is done for severe weather event, daily and seasonal forecasts.

2.1 Evaluation of Severe Weather Warning for the period of April – June 2010

Under Severe Weather Forecasting Demonstration Project, a number of model products are utilized in the process of issuing warnings and advisories by TMA during the months of April to June 2010. These advisories were verified during and after the severe weather event by using the conventional methods of verification. During the first and second month of this period (April and May 2010), long rains over bimodal areas of Tanzania were approaching the peak while over unimodal areas the Seasonal rains were receding towards April 2010. In view of this, some cases of severe weather events were forecasted and observed thus verified against observations during the months of April - June 2010. 

Ninety two cases were used as sample size; twenty three cases of severe weather events forecasted and issued over different regions of the country by TMA, eighteen of them were observed while RSMC-Pretoria guidance issued twenty three guidance of heavy falls. Among them nine were observed. Generally twenty six cases of severe weather events observed and recorded as heavy falls over the country. About eighteen advisories were issued during the period. In this report, the verification of severe weather events of heavy fall forecasts was done including the RSMC-Pretoria guidance. The Contingency Tables for TMA and RSMC-Pretoria guidance are shown below.
	Contingency Table - Tanzania Met Agency


		OBS YES

	OBS NO

	
	FCST YES

	18

	5

	23


	FCST NO

	8

	61

	69


		26
	66
	92



	
	Contingency Table - RSMC
OBS YES

OBS NO

FCST YES

9
14
23

FCST NO

20
49
69

29
63
92




From the above figure, the scores of TMA/RSMC guidance are; Percent correct 0.86/0.63, Hit rate 0.69/0.31, False Alarm Rate 0.08/0.22, Frequency bias 0.88/0.79, False alarm ratio 0.290.22/0.0.61, Threat Score 0.58/0.21, Equitable threat score 0.47/0.0.05, Number of Correct by chance 56.0/0.54.5, Fraction correct by chance 0.61/0.59, Heidke Skill 0.64/0.0.09 and Hanssen-Kuipers score 0.62/0.09. TMA has a good Hit rate due to increased number of days in over forecasting rare events over some parts of the country while RSMC was considering mainly the synoptic features. Frequency bias is good for TMA which shows the reliability of forecasts to be observed. False alarm ratio is good for TMA due to under forecasting rare events of small to mesoscale features over some parts of the country.

Due to unsuitable data format, the statistical verification of forecasts from global (NOAA-GFS, NOAA-EPS, ECMWF-EPS, Met Office-EPS/MOGREPS and SAWS-EPS); and regional models (UM SA12, UM Africa LAM and Aladin La Reunion) is still a challenge. However, the eyeball type of verification was applied on daily basis. Extreme Forecasts Index (EFI) for precipitation, wind speed and gusts including 2meter temperatures were very useful for severe weather forecasting. Generally the verification of severe weather events shows that the accuracy of forecasts issued by TMA has continued to improve substantially.

The majority of the public continued to provide feedback on the advisories issued by TMA and there is encouraging appreciation of advisories issued while a small number of the users indicated dissatisfaction on the actions taken once warning were issued by TMA.

2.2 Daily Weather Forecasts
Regarding daily weather forecasts, verification is done as follows. 

In this report, the percentage accuracy of the forecast is calculate by comparing the forecast and observed weather parameters within the specified zone, and then score is assigned as described in the flow chart in figure 1.
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Figure 1: Flowchart Daily weather forecast showing conversion of qualitative forecast format to score

Two type of verification methods were used; Relative Operating Characteristic (ROC) and Probability of Detection (PoD). With PoD method percentage greater than 60 was considered significant and was the rainfall forecast was considered good. Three types of score were used (0, 1 and 2) with each score representing one accuracy category as explained below: WR – for miss event – also known as wrong forecast Pw (when an event occurred but not predicted or event predicted but not occurred); SF – For Partial hit event – also known as Satisfactory forecast Ps (w hen only one part of the predicted event occurred); CF – For Hit events also known as Correct Forecast Pc (when an event was predicted and occurred). Such scores were extracted from each zone and used to calculate the percentage accuracy of the forecast.

2.2.1 October – December (OND) 2009

From Figure 1 WR stand for percentange of wrong forecast, SF represents the percentage of satisfactory forecast while CF represent the percentage of correct Forecast as explained in chapter I, PoD is the Probability of detection which is the sum of correct and satisfactory forecast. 

The verification results shows that the Lake Zone, Central and Western region had  better forecast during OND with PoD above 80%, while the Southern coast showed needs of improvement with the lowest PoD score of 68%. The remaining zones i.e Northern Coast, Northeastern Highlands, Southwestern Highlands and southern region had PoD score between 70 and 80%. Generally, the skill of forecast for this season was good (above 60%). Spatial distribution of this forecast skill is shown in Figure 2. 
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Figure 2: Daily weather verification OND-2009 (October, November December) 

2.2.2 March – May (MAM) 2010

A total of 92 days were used for verification, out of which 31 days of March, 30 days from the month of April, and 31days from May. In verification for MAM-2010 they were no any missing data. The analysis summary results for MAM-2010 are shown in Figure 3. 
Unlike OND-2009 season, MAM-2010 showed different performance whereby greater skill in daily weather prediction is archived especially over the northern coast with PoD above 90%. However with exception on Lake Zone (where it maintained its score above 85%) the remaining zones did not show significant improvement of their forecast score but generally, the skill of forecast for this season was good (no zone recorded score below 60%). Spatial distribution of this forecast skill is shown in Figure 4.
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    Figure 3: Daily weather verification MAM-2010 (March, April May - 2010) 

