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Summary of Proposed NWP support of IMD/NCMRWF for the Bay of Bengal SWFDP
(Submitted by IMD (supported by NCMRWF) New Delhi, India)

Summary and purpose of document

This document summarizes Operational NWP activities of IMD/NCMRWF  in support of the SWFDP in the Bay of Bengal.
Action Proposed

The meeting is invited to note the contents of this document and to provide further guidance on IMD/NCMRWF NWP  products to contribute to the SWFDP in the Bay of Bengal.
1. Overview

1.1 Global Forecast System (GFS T382/L64) has been made operation at the H/Q of IMD, incorporating Global Statistical Interpolation (GSI) scheme as the global data assimilation for the forecast up to 7 days.  Currently, it   runs twice in a day (00 UTC and 12 UTC).  GFS T-574/L64, which is currently in experimental mode, shall replace GFS T-382  soon. 

1.2  District Level Quantitative five days weather forecasts based on Multi-Model Ensemble (MME) system are being generated to support  Agro-Meteorological Advisory Service of India, making use of model outputs of state of the art global models from the leading global NWP centres. 

1.3  Meso-scale forecast system WRF (ARW) with   3DVAR data assimilation is being operated daily twice (since May 2010), at 27 km, 9 km and 3 km horizontal resolutions for the forecast up to 3 days using initial and boundary conditions from the IMD GFS-382. At ten other regional centres, very high resolution meso-scale models (WRF at 3 km resolution) are made operational. 

1.4 Nowcast and mesoscale forecast system with the assimilation of Doppler Weather Radar data was made operational for the national Capital of Delhi.  NWP based hourly forecasts (with lead time of 24 hours) are being generated for major airports of India.

All these NWP products are routinely made available on the IMD web site www.imd.gov.in.  

2. System run schedule and forecast ranges

2.1  Medium Range Forecast System:  Implementation of Global Forecast System (GFS) 

       Global Forecast System (GFS, based on NCEP) at T382L64 resolution has been implemented at NHAC, IMD HQ on IBM based High Power Computing Systems (HPCS). In horizontal, it resolves 382 waves (( 35 Km) in spectral triangular truncation representation (T382), for which the Gaussian grid of 1152 x 576 dimensions are used. The model has 64 vertical levels (hybrid; sigma and pressure). This new higher resolution global forecast model and the corresponding assimilation system are adopted from NCEP, USA.  The GFS at IMD Delhi involves 4 steps as given below:

Step 1 - Data Decoding and Quality Control: First step of the forecast system is data decoding.  It runs 48 times in a day on half-hourly basis, as soon as GTS data files are updated at regional telecom hub (RTH) of global telecom system (GTS), at IMD, New Delhi. 

Steps 2 – Pre-processing of data (PREPBUFR) : Runs 4 times a day at 0000 UTC, 0600 UTC, 1200 UTC and  1800 UTC.  List of data presently being pre-processed for Global Forecast System are: 

1. Upper air sounding – TEMP, GPS  and PILOT

2. Land surface – SYNOP, SYNOP MOBIL & AWS

3. Marine surface - SHIP

4. Drifting buoy - BUOY

5. Sub-surface buoy - BATHY 

6. Aircraft observations - AIREP & AMDAR

7. Automated Aircraft Observation - BUFR (ACARS)

8. Airport Weather Observations - METAR

9. Satellite winds - SATOB

10. High density satellite winds - BUFR (EUMETSAT & Japan)

11. Wind profiler observations - BUFR (US/Europe)

12. Surface pressure Analysis  - PAOB (Australia)

13. Radiance (AMSU-A, AMSU-B, HIRS-3 and HIRS-4, MSU, IASI, SSMI,    AIRS, AMSRE, GOES, MHS)

14. GPS Radio occultation 

15. Rain Rate (SSMI and TRMM) 

Step 3 - Global Data Assimilation (GDAS) cycle :

The Global Data Assimilation (GDAS) cycle runs 4 times a day (00, 06, 12 and 18 UTC). The assimilation system is a global 3-dimensional variational technique,  based on NCEP’s Grid Point Statistical Interpolation (GSI) scheme, which is the next generation of Spectral Statistical Interpolation (SSI).  

Step 4 – Forecast Integration for 7 days

The analysis and forecast for 7 days is performed using the HPCS installed in IMD Delhi. One GDAS cycle and seven day forecast (168 hour) run takes about 30 minutes on IBM Power 6 (P6) machine using 24 nodes with 7 tasks (7 processors) per node. 

2.2 Multi-Model Ensemble based District Level Forecast System for Integrated Agro-advisory services
IMD implemented a Multi-model Ensemble (MME) based district level quantitative rainfall forecasts in the operational mode since 1 June 2008, as required for the Integrated Agro-advisory Service of India.  

Five NWP models considered for this development work are: (i) National Centre for Medium Range Weather Forecasting (NCMRWF) T-382, (ii) ECMWF T799, (iii) JMA T899, (iv) UKMO  and  (v) NCEP GFS T-382.   As the model outputs available are at different resolutions, in the first step,  model outputs of the constituent models are interpolated at the uniform grid resolution of 0.25oX0.25o  lat/long.  In the second step, the weight for each model at each grid is determined objectively by computing the correlation co-efficient between the predicted rainfall and observed rainfall. High resolution  gridded rain-gauge  data  produced operationally at National Centre of IMD Pune are used for development and validation of the forecasts.

The ensemble forecasts (day 1 to day 5 forecasts) are generated at the 0.25ox0.25o resolution. The  ensemble forecast fields are then used to generate district level forecasts  by taking  average value of all grid points falling in a particular district. 

2.2 Short Range forecasting system (0 – 72 hours)

2.2.1  Meso-Scale Assimilation System and Modelling System (WRF-VAR) 

The regional mesoscale analysis system WRF (ARW) was implemented  on the  HPCS at HQ of IMD, Delhi with its all components namely, pre-processing programs (WPS and REAL), data  assimilation program (WRF-Var), boundary condition updating (update_bc) and forecasting model (WRF) and NCL for display.

        The pre-processed observational data from GTS and other sources prepared for the Global Forecast System in the BURF format (PREPBUFR of step 2 in GFS) is also used in case of WRF assimilation. 

     In the WRF-Var assimilation system, all conventional observations over a domain (200S to 450N; 400E to 1150E) which merely cover Regional Specialized Meteorological Centre (RSMC), Delhi region are considered to improve the first guess of GFS analysis. Assimilation is done with 27 km horizontal resolution and 38 vertical eta levels. The boundary conditions from GFS forecasts run at IMD are updated to get a consistency with improved mesoscale analysis. WRF model is then integrated for 75 hours with a nested configuration (27 km mother and 9 km child domain) and with full physics (including cloud microphysics, cumulus, planetary boundary layer and surface layer parameterization). The post-processing programs ARW post and WPP are also installed on HPCS to generate graphical plots and grib2 out for MFI-SYNERGIE system respectively. 
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                       Fig. 1:  Outer and inner domain of WRF model at 27 km and 9 km

WRF at 3 km resolution was implemented for National Capital Region of Delhi Region. High resolution WRF has been in operational at other ten regional centres in India.

3 Operationally available NWP Products

Table 1:  Real-time NWP Products for multi-scale forecasts 

	GFS  T-382

(35 km)
	WRF (ARW) 27 km, 9 km 
Polar WRF   15 km


	WRF (ARW)

3 Km

Venue Specific F/C  24 Hours

( hourly)
	ARPS

9 km

Hourly updates

Next 6 hours
	Nowcasts
	Extended Range Probabilistic Forecast

MME District

	Medium Range

(1-7 days )
	Short Range

(1-3 days)
	Short  Range

(36 hours)
	Very short range

(6-24hrs)
	Now casting


	Week to month

	Products Available

Analysis (MSLP and Winds at 925,850,700,500,300,200,  100 hPa )

F/c for 7 days  (MSLP, & Winds  at 925,850,700

500,300,200,

100 hPa  and Rainfall
	Products available

Analysis (MSLP and  Winds  at 925,850,700,

500,300,200 hPa )

F/c for 3 days  (MSLP & Winds  at 925,850,700,500,300,200 hPa and R/f)

Location specific  f/c  for 100 cities thru 9 km.
	Products available

Meteograms

For  Location specific   sites  in

Delhi /major airports

Wind speed

(10m)

Rainfall

RH

Temperature

(DB & DP)
	Products Available

Winds

Reflectivity

Rainfall
	Products Available

reflectivity
	Products  Available

Rainfall, Temperature


4 Special NWP Products for Tropical Cyclone Warning Services
During the last 10 years, IMD running specialised Tropical Cyclone model - Quasi-Lagrangian Model (QLM) for operational numerical guidance. Recently under Indo-US joint collaborative program, IMD adapted HWRF model for Tropical Cyclone track and intensity forecast for North Indian Ocean (NIO) region for its operational requirements. A brief detail of these models are given below:
2.2.3 The Quasi-lagrangian Model (QLM) 

Quasi-Lagrangian model (QLM) has been implemented in IMD for cyclone forecasting operational use in the year 2000. The model is run to produce track forecasts based on the initial conditions of each day based on 00 UTC and 12 UTC observations when the disturbance is in cyclonic storm stage. The QLM is a multilevel fine-mesh primitive equation model with a horizontal resolution of 40 km and 16 sigma levels in the vertical. The integration domain consists of 111x111 grid points in a 4440x4440 km2 domain that is centred on the initial position of the cyclone. The six hourly track forecasts valid up to 72 hours are available based on 00 & 12 UTC runs.  

Hurricane Weather Research and Forecast (HWRF)

The Weather Research and Forecast (WRF) system for hurricane prediction (HWRFTM) is operational at National Centre for Environmental Prediction (NCEP), USA since 2007, providing deterministic forecast guidance to the National Hurricane Center (NHC) for the Atlantic and North Eastern Pacific basins. The basic version of the model HWRFV (3.2+) which was operational at EMC, NCEP was ported on IMD IBM P-6/575 machine with nested domain of 27 km and 9 km horizontal resolution and 42 vertical levels with outer domain covering the area of 800x800 and inner domain 60x60 with centre of the system adjusted to the centre of the observed cyclonic storm. The outer domain covers most of the North Indian Ocean including the Arabian Sea and Bay of Bengal and the inner domain mainly covering the cyclonic vortex with moving along the movement of the system. The model has special features such as vortex initialization, coupled with Ocean model to take into account the changes in SST during the model integration, tracker and diagnostic software to provide the graphic and text information on track and intensity prediction for real-time operational requirement. 

As part of model validation, case studies were undertaken to test the ability of the model for Indian Seas for Very Severe Cyclonic Storm ‘GIRI’ formed during 20-23 October 2010 and Severe Cyclonic Storm ‘JAL’ formed during 4 to 7 November 2010 over the Bay of Bengal. The model was integrated for 5-days forecast with basic input from GFS spectral fields using Gridpoint Statistical Interpolation (GSI) assimilation system. Also the six hourly cycling of the HWRF model was tested to run the model in cycling mode. In this run only the atmospheric model (HWRF) was tested. The Ocean Model (POM-TC) and Ocean coupler requires the customization of Ocean Model for Indian Seas. In this regards, IMD is expecting to work in collaboration with INCOIS, Hyderabad.

TC Ensemble Forecast Project in the PTC region
Under the joint project of World Weather Research Program (WWRP) and Tropical Cyclone Program (TCP), TC home page was developed by JMA and the same software was transferred to IMD to generate similar page for RSMC, New Delhi. The purpose is to provide a guidance of tropical cyclone forecasts in near real-time for the ESCAP/WMO Committee Members, based on the TIGGE Cyclone XML (CXML) data.
As part of the program the following work is completed:

· The software was modified to include the TCs over NIO region to get the Deterministic and Probabilistic Forecasts.

· The ECMWF, NCEP, UKMO Deterministic and Ensemble TC track forecasts, Strike Probability Map, Strike probability of cities within the range of 120 kms 4 days in advance are generated and provided the same through the IMD web site.
· JMA provided software to prepare Web page to provide a guidance of tropical cyclone forecasts in near real-time for the ESCAP/WMO committee Members. The same is under preparation.
· For verification purposes, the best track data by IMD has to be embedded on the forecast track and strike probability maps.
Statistical Models:
In addition to the dynamical models, the following forecasts are generated based on Statistic Techniques:  
(a)  Genesis Potential Parameter (GPP) based on model analysis: 
(b)  Multi-model Ensemble (MME) Technique for cyclone track prediction 

 (c) Intensity prediction 

5 National Centre for Medium Range Weather Forecasting (NCMRWF)

The National centre for Medium Range Weather Forecasting (NCMRWF), a constituent unit of the Ministry of Earth Sciences (MoES) has an exclusive mandate of continuously developing next generation of numerical weather forecasts, in terms of reliability and accuracy over India and neighboring regions through research and development.

The current operational model for medium range weather prediction at NCMRWF is the high resolution spectral (T574L64) Global Forecast System (GFS) adapted from NCEP. The forecast model has a resolution of approximately 22 km in horizontal and has 64 levels in the vertical. The forecasts are verified against observations and analyses regularly using standard matrices recommended by WMO. The T574L64 GFS had been transferred to IMD.

NCMRWF has also implemented the NCEP’s Global Ensemble Forecast System (GEFS) at T190L28 resolution with 20 members. Trial runs with the GEFS are underway and it is planned to make it operational and transfer to IMD before June 2012.

In order to enhance the quality of rainfall forecasts on short and medium range scale, NCMRWF has implemented a 'Multi-Model Ensemble' (MME) system. Experimental forecasts of rainfall in short and medium range were made available for operational real time use for the Indian region during the monsoon season. 

For specifically improving the understanding and prediction of monsoon over different time ranges and spatial scales, MoES has signed a MoU with the Meteorological Office, UK (UKMO). Under this MoU, UKMO’s Unified Model (UM) and its associated components which include the Observation Processing System (OPS) and the 4D Variational Data Assimilation system (4D-VAR) have been successfully implemented at NCMRWF that is being run daily in real time. The 4-D VAR assimilation system has a huge advantage as it extracts more information from observations consistently, in a better way.

6. IMD (Supported by NCMRWF) Proposed Support to the Bay of Bengal SWFDP

The IMD intends to provide guidance products for short to medium range forecast, as outlined in section 3, for the Bay of Bengal SWFDP. Also the The products are updated twice a day with forecasts from 00 and 12 UTC; an archive of the previous 7 days will also be provided to assist in evaluation. 

All products are provided in graphical format on the IMD web site (password-protected). IMD will issue each participating NHMS with a login to access these pages. 

NCMRWF will transfer to IMD the updates of the GFS and UKMO system as and when they are ready.

IMD will provide the ensemble prediction system (EPS) as and when the NCMRWF products are available operationally. 

IMD NWP Division will provide Initial/boundary conditions at 0.5 deg. resolution based on IMD GFS forecast in real time (Area: 10S to 50N; 4-E to 125E) to participating NMHSs in the SWFDP – Bay of Bengal (through the SWFDP BB Website/ftp) to run WRF model, covering their countries. In addition, IMD NWP Division could also provide (upon request) non-real time data to for experiments and developments for specific case studies and verification activities (e.g. for the monsoon period, or a specific tropical cyclone).

7. Training


IMD will provide the training to NMHSs in installation and running regional model (WRF) at their respective places (upon request). IMD/NCMRWF would be ready to provide resource persons for training for forecasters in the interpretation and use of NWP products for severe weather prediction.

8. Contacts

The IMD/NCMRWF contacts for involvement in the Bay of Bengal SWFDP are:

Dr S.K. Roy Bhowmik (skrb.imd@gmail.com)
Dr Y.V. Rama Rao (yvramarao.imd@gmail.com, yvrama.rao@imd.gov.in)

Mr D. Joardar (djoardar.imd@gmail.com)
Mr Gopal Raman Iyengar (gopal@ncmrwf.gov.in)

Dr. Someshwar Das (somesh@ncmrwf.gov.in)
