	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS
OPAG on DPFS

Expert Team on Ensemble Prediction Systems (eT-EPS)

Exeter, UK, 5 – 9 October 2009
	
	CBS-DPFS/ET-EPS/Doc. 6.1(4)
(28.IX.2009)

_______

Agenda item : 6
ENGLISH ONLY


EPS in severe weather forecasting, including SWFDP

(Submitted by Dr. S.K.Roy Bhowmik, India Meteorological Department)
I.NWPand Multi-modelEnsemble (MME)Prediction System:

Forecasting of high impact severe weather events is a challenging task in the whole of south Asia where systems such as monsoon depression, tropical cyclone and local severe storm constitute a major convective system affecting a large population. There is a pressing need in operational scenario to provide forecasts in a meaningful and quantitative way of these events with greater accuracy. The problem has wide range of applications starting from farming operation to flood forecasting and has direct relevant to economy of the region.
Currently, IMD (India Meteorological Department) runs a number of regional NWP models in the operational mode. IMD also makes use of NWP Global model forecast products of other operational centres, like NCMRWF T-254, ECMWF, JMA, NCEP and UKMO to meet the operational requirements of day to day weather forecasts. 
There has been a long demand from the user community for district level quantitative weather forecasts in short to medium range tme scale. As a major step, IMD started issuing district level forecasts from 1 June 2008 for meteorological parameters such as rainfall, maximum and minimum temperature, relative humidity, surface wind and cloud octa up to 5 days in quantitative terms, as required for the Integrated Agro-advisory Service of India. These forecasts are generated through Multi-model Ensemble (MME) system making use of outputs of Global models of NCMRWF, UKMO, ECMWF, JMA, and NCEP. For developing the MME,pre-assigned grid point weight for each model at each grid is determined based on the past performance of these models (on the basis of regression co-efferent between observed (analysis) and forecast value). The district level forecasts are made available on the national web site of IMD. 
A dynamical statistical technique is developed and implemented for the real-time cyclone genesis and intensity prediction. MME technique is also developed for cyclone track prediction and the procedure is found very encouraging to handle operational cyclone forecasting work in a more efficient manner. Number of experiments are carried out for the processing of Doppler Weather Radar (DWR) observations to use in nowcasting and mesoscale applications. The procedure is expected to be available in operational mode soon. Various multi-institutional collaborative Forecast Demonstration Projects (FDP)such as, Weather Forecast System for Commonwealth Games 2010, Land falling Cyclone, Fog Prediction etc.are initiated to strengthen the forecasting capabilities of IMD. 

In view of growing operational requirements from various user agencies, there is a need for a seamless forecasting system covering now-casting to medium range user specific forecasts. A major problem in the use of NWP model over the tropics is the near absence of data over the large oceanic region. Particularly, for a tropical country like India where high impact mesoscale convective events are very common weather phenomena, it is necessary to have good quality high density observations both in spatial and temporal scale to ingest into assimilation cycle of a veryhigh resolution non- hydrostatic mesoscale model. In view of the importance of these data in the tropical numerical weather prediction, IMD has been in the process of implementing a massive modernization programme for upgrading and enhancing its observation system. From this modernization programme good quality observations (both conventional and non conventional)are expected to be available on the mesoscale both in space and time by means of Doppler Weather Radar (DWR), Satellites (INSAT-3D Radiance), wind profilers, meso-network (Automatic Weather Stations), buoys and aircrafts in the real time mode to ingest into the assimilation cycle of global, regional and mesoscale NWP models, with the use of advanced telecommunication system.

Currently, under the modernization programme, IMD is in the process of commissioning a state of the art High Performance Computing (HPC)system with a peak performance of 10 TF at IMD HQ., 1 TF at IMD Pune along with high end servers of 100 GF capacities to 12 major meteorological centers for global and regional NWP modeling, particularly for the regional database management, mesoscale data assimilation and high resolution local area model.

With the availability of new observations and infrastructure from the modernization programme of IMD, future Weather Forecasting System of IMD would be as briefly given below:
(a) Now-casting and Mesoscale Forecasting System (valid for half hour to 24 hours) 
· Processing of Doppler Weather Radar (DWR) observations at a central location (NHAC) to generate 3 D mosaic and other graphics products for nowcasting applications.
·  Enhancing mesoscale forecasting capability of local severe weather by providing 3 hourly area specific rainfall and wind forecasts(up to24 hours) at the resolution of 3 km from ARPS with the assimilation(hourly intermittent cycle) ofDWR, AWS, wind profiler sand other conventional and non-conventional observations.
·  Implementation of dynamical Fog prediction model for visibility forecasting at the major airports of India.
(b) Regional Models for Short Range Forecasting System ( valid up to 3 days)
· 72 hours forecasts from WRF model with 3 nested domains (at the resolution of 27 km, 9 km and 3 km). The nested model at the 3 km resolution would be operated at the Regional/State Met Centres at 6 hours interval with 3 DVAR data assimilation. 
· 72 hours forecasts from MM5 model with 2 nested domains (at the resolution of 27 km and 9 km) at 12 hours interval with 3 DVAR data assimilation. 

· For Cyclone Track Prediction, 72 hours forecast from Quasi Lagrangian Model (QLM) at 40 km resolution at six hours interval; WRF (NMM) at 27 km resolution with assimilation package of Grid Statistical Interpolation (GSI).

· For Cyclone track and intensity prediction: multimodel ensemble technique and application of dynamical statistical approach for 72 hours forecasts, forecast would be updated at 12 hours interval.
· Development of multimodel ensemble technique for probabilistic forecasts of district level heavy rainfall events.
(c)Global model for Medium range Forecasting (valid up to 7 days)
· NCEP Decoding System / MFI CIPS interface.
· Global Data Assimilation System (GDAS),six hourly cycle

with GSI (Grid Statistical Interpolation).
· Global Forecast System (GFS)T-382

· Multimodel Ensemble baseddistrict level forecasts

II. Indian THROPEX Campaign:
Indian THORPEX is planed with the following objectives
· To improve the accuracy of cyclone intensity and track forecasts for cyclones over north Indian Ocean (1-5 days time scale)
· To improve the accuracy of forecasts of local severe storms that affects major parts of India and neighboring countries during pre-monsoon .

· Monsoonal heavy rainfall and flood is another high impact weather event that affects south Asia during monsoon and 1-5 day forecasts of these weather events require higher accuracy.

· In addition to above, other high impact weather events that severely affects India are heat wave and cold wave, that are predictable with lead time of 1-7 days. 

· Active and break spells of monsoon, drought etc (which are predictable with lead time of 5-15 days) 
Thus Indian THORPEX is aimed to achieve higher accuracy in the forecasts of all most all high impact weather events that affect India during different seasons It is an umbrella programme enveloping many regional programmes like:
(i) FDP Cyclone

(ii) FDP CTCZ (Continental Tropical Convergence Zone)
(iii) FDP STORM(Severe Thunderstorm Observations and Regional Modelling)
(iv) FDP Fog

(v) FDP PROWNOM (Prediction of Regional Weather with Observational Meso-Network and Atmospheric Modelling

(vi) FDP CAIPEEX (Cloud Aerosol Interaction and Precipitation Enhancement Experiment.
The Campaign has three basic sub-programmes:
· To improve the observational network
· To develop data assimilation strategies and to develop improved ensemble prediction system

· To improve the predictability of high impact weather events

Initially the Indian THORPEX shall focus on the following:
(i) To use the predictions of high impact weather events provided by TIGGE

(ii) The real-time Indian data will be provided for assimilation into TIGGE models for improved forecast over the Indian region
(iii) The observational data collected during the campaigns shall be shared with International community as per the data policy.

III. The IMD participant in the ET-EPS likes to make a power point presentation of duration about one hour. The outline of the presentation is given below:

· Performance of operational NWP models 

· Performance of MME technique for prediction of monsoon rainfall

·  Performance of MME technique for cyclone track prediction

· Results of new experiments on the assimilation of Doppler weather radar data for simulation of local severe storm
· New NWP system of IMD to be implemented from pre-monsoon 2010
·  Indian THROPEX Campaign
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