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Contributions of IMD (supported by NCMRWF & INCOIS) as global centre
(Submitted by M. Mohapatra, IMD)

Summary and purpose of document

This document describes the general features of NWP systems of IMD (supported by NCMRWF & INCOIS) as global centre.
Action Proposed

The meeting is invited to review this document and consider the information to update the Regional Subproject Implementation Plan (RSIP). 
Annex(es):
- The Product List for SWFDP-BoB is provided
1. Introduction

1.1 The India Meteorological Department (IMD) is a national meteorological service in India. IMD monitors and forecast weather phenomena related to the atmosphere, the oceans and the earth. It is also national authority responsible for issuing weather warnings and advisories. IMD plays a vital role in weather related disaster mitigation and prevention activities in the country through cooperation and coordination with relevant authorities, including the media, the disaster management authorities and general public.
1.2 Indian National Centre for Ocean Information Services (INCOIS), is nodal agency for Ocean information services and provides the monitoring and forecast information on sea state and wave forecasting.
1.3 IMD, National Centre for Medium Range Weather Forecasting (NCMRWF), India, and INCOIS continuously develop and operate a suite of numerical weather prediction (NWP) systems and Ocean models, including a global deterministic model and a global ensemble prediction system to support the activities for disaster prevention and mitigation and weather and climate services.

1.4 IMD along with INCOIS and NCMRWF support the WMO Severe Weather Forecasting Demonstration Project (SWFDP- Bay of Bengal as global centre and as a satellite centre. 

2. The products and dedicated webpage for SWFDP-BoB include the following:
2.1. Global Forecast System 

     The Global Forecast System (GFS), adopted from National Centre for Environmental Prediction (NCEP) was implemented at India Meteorological Department (IMD), New Delhi on IBM based High Power Computing Systems (HPCS) at T1534  (~ 12 km in horizontal over the tropics) with ENKF based Grid point Statistical Interpolation (GSI) scheme as the global data assimilation for the forecast up to 10 days.  The model is run twice in a day (00 UTC and 12 UTC). The real-time outputs are made available to the national web site of IMD: 
http://www.imd.gov.in/section/nhac/dynamic/nwp/welcome.htm   
2.2. Regional Forecast System 

IMD operationally runs three regional models WRFDA-WRFARW (v3.6), and HWRF for short-range prediction.

2.2.1. Non-hydrostatic mesoscale modeling system WRFDA-WRF-ARW  

        The mesoscale forecast system Weather Research and Forecast WRFDA (version 3.6) with   3DVAR data assimilation is being operated daily twice to generate mesoscale analysis at 9 km horizontal resolution using IMD GFS-T574L64 analysis as first guess and forecasts as boundary condition. Using analysis and updated boundary conditions from the WRFDA, the WRF (ARW) is run for the forecast up to 3 days with double nested configuration with horizontal resolution of 9 km and 3 km and 45 Eta levels in the vertical. The model mother domain covers the area between lat. 23ºS to 46ºN long 40ºE to 120ºE and child covers whole India. The performance of the model is found to be reasonably skilful for cyclone genesis and track prediction. At ten other regional Centers, very high resolution mesoscale models (WRF at 3 km resolution) are also operational with their respective regional setup/configurations.

2.2.2. Hurricane WRF Model (HWRF) 

        Recently under Indo-US joint collaborative program, IMD adapted Hurricane-WRF model for Tropical Cyclone track and intensity forecast for North Indian Ocean region for its operational requirements. The basic version of the model HWRFV (3.7+) which was operational at EMC, NCEP, USA was ported on IITM ADITYA HPCS machine with nested domain of 18 km, 6 km and 2 km horizontal resolution and 61 vertical levels with outer domain covering the area of 80X80, 24X24 and innermost domain 7X7 with center of the system adjusted to the Center of the observed cyclonic storm. The outer domain covers most of the North Indian and the inner domain mainly covering the cyclonic vortex which moves 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. Model has full physics configuration with cloud microphysics of eta-HWRF scheme (Rogers et al., 2001), radiation physics for short wave and long wave (GFDL schemes), surface layer (GFDL) and surface physics (GFDL slab model), planetary boundary layer physics (Hong and Pan, 1996) and cumulus physics (New simplified Arakawa-Schubert  -  Han and Pan, 2011).
As part of model validation, case studies were undertaken to test the ability of the model for the Cyclonic storms formed during the year 2010 and model forecasts are produced up to 5 days during the 2011 cyclone season as an experimental forecast in real-time. In these runs 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 working in collaboration with INCOIS, Hyderabad which is running the Ocean Models (POM)/Hybrid co-ordinate ocean model (HYCOM) to support in porting the Ocean Model with Indian Ocean climatology and real time data of SST over Indian Seas. The model is run on real time six hourly basis (started from cyclone season 2015) based on 00, 06, 12 and 18 UTC initial conditions to provide 6 hourly track and intensity forecasts along with surface wind and rain swaths valid up to 126 hours. The model uses IMD GFS-T1534L64 analysis/forecast as first guess.

2.3. NWP based Objective Cyclone Prediction System (CPS)

The method comprises of five forecast components, namely (a) Cyclone Genesis Potential Parameter (GPP), (b) Multi-Model Ensemble (MME) technique for cyclone track prediction, (c) Cyclone intensity prediction, (d) Rapid intensification and (e) Predicting decaying intensity after the landfall.

2.3.1. Genesis Potential Parameter (GPP)


A cyclone genesis parameter, termed the genesis potential parameter (GPP), for the North Indian Sea is developed (Kotal et al, 2009). The parameter is deﬁned as the product of four variables, namely vorticity at 850 hPa, middle tropospheric relative humidity, middle tropospheric instability, and the inverse of vertical wind shear. The parameter is operationally used for distinction between non-developing and developing systems at their early development stages. The composite GPP value is found to be around three to ﬁve times greater for developing systems than for non-developing systems. The analysis of the parameter at early development stage of a cyclonic storm found to provide a useful predictive signal for intensiﬁcation of the system. The grid point analysis and forecast of the genesis parameter up to seven days is also generated on real time and the same is available at:

http://www.imd.gov.in/section/nhac/dynamic/Analysis.htm 
Higher value of the GPP over a region indicates higher potential of genesis over the region. Region with GPP value equal or greater than 30 is found to be high potential zone for cyclogenesis. The analysis of the parameter and its effectiveness during cyclonic disturbances in 2012 affirm its usefulness as a predictive signal (4-5 days in advance) for cyclogenesis over the North Indian Ocean.  

2.3.2. Multi-model ensemble (MME) technique  

    The multi model ensemble (MME) technique (Kotal and Roy Bhowmik, 2011) is based on a statistical linear regression approach. The predictors selected for the ensemble technique are forecasts latitude and longitude positions at 12-hour interval up to 120-hour of five operational NWP models. In the MME   method, forecast latitude  and longitude position of the member models are linearly regressed against the observed  (track)  latitude  and longitude position for each forecast time at 12-hours intervals for the forecast up to 120-hour. The 12 hourly predicted cyclone tracks are then determined from the respective mean sea level pressure fields using a cyclone tracking software.  Multiple linear regression technique is used to generate weights (regression coefficients) for each model for each forecast hour (12hr, 24hr, 36 hr, 48hr, 60hr, 72hr, 84hr, 96hr, 108hr and 120 hrs) based on the past data. These coefficients are then used as weights for the ensemble forecasts.  12-hourly forecast latitude (LATf) and longitude (LONf) positions are defined by multiple linear regression technique.  A collective bias correction is applied in the MME by applying multiple linear regression based minimization principle for the member models GFS(IMD), GFS(NCEP), ECMWF, UKMO and JMA. ECMWF data are available at 24h intervals. Therefore, 12h, 36h, 60h, 84h, 108h forecast positions of ECMWF are computed based on linear interpolation. All these NWP products are routinely made available in real time on the IMD web site: www.rsmcnewdelhi.imd.gov.in.

2.3.3. Statistical Dynamical model for Cyclone Intensity Prediction (SCIP)

            A statistical-dynamical model (SCIP) (Kotal et al, 2008) has been implemented for real time forecasting of 12 hourly intensity up to 120 hours. The model parameters are derived based on model analysis fields of past cyclones. The parameters selected as predictors are:  Initial storm intensity, Intensity changes during past 12 hours, Storm motion speed, Initial storm latitude position, Vertical wind shear averaged along the storm track, Vorticity at 850 hPa, Divergence at 200 hPa and Sea Surface Temperature (SST). For the real-time forecasting, model parameters are derived based on the forecast fields of IMD-GFS model. The method is found to be provided useful guidance for the operational cyclone forecasting.  

2.3.4. Rapid Intensification (RI) Index

         A rapid intensification index (RII) is developed for tropical cyclones over the Bay of Bengal (Kotal and Roy Bhowmik, 2013). The RII uses large-scale characteristics of tropical cyclones to estimate the probability of rapid intensification (RI) over the subsequent 24-h. The RI is defined as an increase of intensity 30 kt (15.4 ms-1) during 24-h. The RII technique is developed by combining threshold (index) values of the eight variables for which statistically signiﬁcant differences are found between the RI and non-RI cases. The variables are: Storm latitude position, previous 12-h intensity change, initial storm intensity, vorticity at 850 hPa, divergence at 200 hPa, vertical wind shear, lower tropospheric relative humidity, and storm motion speed. The probability of RI is found to be increases from 0% to 100% when the total number of indices satisﬁed increases from zero to eight. The forecasts are made available in real time from 2013.

2.3.5. Decay of Intensity after the landfall

          Tropical cyclones (TCs) are well known for their destructive potential and impact on human activities. The Super cyclone Orissa (1999) illustrated the need for the accurate prediction of inland effects of tropical cyclones. The super cyclone of Orissa maintained the intensity of cyclonic storm for about 30 hours after landfall. Because a dense population resides at or near the Indian coasts, the decay forecast has direct relevance to daily activities over a coastal zone (such as transportation, tourism, fishing, etc.) apart from disaster management. In view of this, the decay model (Roy Bhowmik et al. 2005) has been used for real time forecasting of decaying intensity (after landfall) of TCs.

2.3.6. Tropical Cyclone Ensemble Forecast based on Global Models Ensemble (TIGGE) Data  

        As part of WMO Program to provide a guidance of tropical cyclone (TC) forecasts in near real-time for the ESCAP/WMO Member Countries based on the TIGGE Cyclone XML (CXML) data, IMD implemented JMA supported software for real-time TC forecast over North Indian Ocean (NIO) during 2011.   
       The Ensemble and deterministic forecast products from ECMWF (50+1 Members), NCEP (20+1 Members), UKMO (23+1 Members) and MSC (20+1 Members) are available near real-time for NIO region for named TCs. These Products includes: Deterministic and Ensemble TC track forecasts, Strike Probability Maps, Strike probability of cities within the range of 120 kms 4 days in advance. The JMA provided software to prepare Web page to provide guidance of tropical cyclone forecasts in near real-time for the ESCAP/WMO committee Members. The forecast products are made available in real time.

3. Models run at NCMRWF

Global models are also run at NCMRWF. These include GFS and unified model adapted from UK Meteorological Office and Unified model ensemble prediction system and a regional model. Apart from the observations that are used in the earlier system, the new observations assimilated at NCMRWF include (i) Precipitation rates from SSM/I and TRMM (ii) GPSRO occultation (iii) AIRS and AMSRE radiances (iv) MODIS winds. Additionally ASCAT ocean surface winds and INSAT-3D AMVs are also assimilated. 
3.1. NCMRWF Unified Model (NCUM)

The NCUM is a grid point model which has a Non-hydrostatic dynamics with a deep atmosphere suitable for all scales. Hybrid 4D-Var method is used for data assimilation. Major improvements of the new NCUM data assimilation system in comparisons with previous system used at NCMRWF is the use of improved version of the radiative transfer model and the improved ability of the new system to assimilate more satellite observations. It features mass-flux for shallow convection with convective momentum transport, non-local mixing and entrainment for boundary layer. In the new upgradation of NCUM, horizontal resolution of the model is increased from ~17 km (N768L70) to ~12 km (N1024L70) in 2018. The products of forecasts from 00UTC and 12UTC initials are available. For next 10 days.
3.2. NCMRWF ensemble prediction system (NEPS)

NCMRWF Ensemble Prediction System (NEPS) is a global medium range probabilistic forecasting system adapted from UK MET Office. The new NEPS prepares 10 day forecasts at 12 km horizontal resolution. The configuration consists of four cycles of assimilation corresponding to 00Z, 06Z, 12Z & 18Z and 10-day forecasts are made using the 00Z initial condition. The N400L70 forecast model consists of 2048x1536 grid points on the horizontal surface and has 70 vertical levels. The initial condition is taken from the analysis of global deterministic Hybrid 4DVar data assimilation system. Initial Condition of perturbations are generated by Ensemble Transform Kalman Filter (ETKF). All products are provided in graphical format on the dedicated webpage of IMD for SWFDP as well as in IMD and NCMRWF websites 
4. 
Meteograms

IMD and NCMRWF provide meteograms for the desired cities in SWFDP regions as per the requirement of member countries.

5. Forecast products from INCOIS

5.1 At present, INCOIS provides forecasts of

· Height, direction and period (of both wind waves and swell waves).

· Sea surface currents.

· Sea surface temperature.

· Mixed Layer Depth (the well mixed upper layer of the sea).

· Depth of the 20 degree isotherm ( a measure of the depth of the thermocline).

· Astronomical tides.

· Wind speed and direction.

· Oil-spill trajectory
5.2.ESSO-INCOIS provides the ocean state information not only to all the sea faring communities like the fishermen, Indian Navy, Indian Coast Guard, merchant and passenger shipping agencies, offshore oil & gas exploration agencies , research organisations but also to other coastal communities. The forecast is available separately for the following regions: Arabian Sea, Bay of Bengal, Northern Indian Ocean, Southern Indian Ocean, Red Sea, Persian Gulf and South China Sea. Further, it provides more detailed forecast information for specific locations like fish landing centres, small fishing harbours, commerical ports, etc. as well as for the coastal waters of the maritime states, union territories and island regions of India.

5.3.The forecasts are generated by a suite of state-of-the art numerical models, which are customized to simulate and predict the Indian Ocean features accurately. The models used are I) WAVEWATCH III, MIKE and Regional Ocean Modeling System (ROMS) and General NOAA Oil Modeling Environment (GNOME). Atmospheric forecast products from different meteorological forecasting agencies (NCMRWF and ECMWF) are used for forcing these models in the forecast mode. Global forecast and deep sea forecasts, differ mainly in spatial and temporal resolution of the forecast, extent of validations carried out, etc. In coastal forecast, the models are set up using the concept of 'multiple grid' with coarse resolution in the open ocean region and very fine resolution for the specified coast, providing more accurate data at the coast. These forecasts are generated operationally using the latest Information and Computational Technology tools and run on High Performance Computers.

5.4. The products: Major user-customized OSF services/products by INCOIS are given below. 

	Sl.No
	Service/Product
	Forecast duration (days)
	Frequency (hours)

	Regular Daily Services

	1
	Location Specific forecast
	2-3 days**
	3-6 hourly**

	2
	Forecast for the Islands
	7 days
	3 hourly

	3
	Coastal forecast
	7 days
	3 hourly

	4
	Deep Sea forecast
	7 days
	3 hourly

	5
	Indian Ocean forecast
	5 days
	6 hourly

	6
	Global forecast
	5 days
	6 hourly

	7
	Forecast along ship tracks
	3 days
	6 hourly

	8
	Webmap services
	7 days
	6 hourly

	9
	Port and Harbour forecast
	2 days
	3 hourly

	10
	Forecast for Maldives
	3 days
	3-6 hourly

	Emergency Services

	11
	Oil spill advisories
	3 days
	3-6 hourly

	12
	High Wave Alert Services
	1-2 days ##
	3 hourly

	13
	Search and Rescue Operations
	As per user team requirements

	Value added services

	14
	Inland Vessel Limits
	1 day
	3 hourly


Note:** as per user's need ## depending on the persistence of the extreme weather feature
6. Summary
IMD, NCMRWF and INCOIS act as global centres and operate the dedicated web pages for SWFDP, and provides the products to SWFDP for the Bay of Bengal region as Global Centres of SWFDP round the year.
Annex
The Product List for SWFDP-BoB provided by IMD and NCMRWF
(a) Deterministic NWP Products to be made available to IMD New Delhi by Global Centres 

(All product is provided every 6-hourly out to 10 including Analysis)                
	Parameters 
	IMD/NCMRWF

	Every 6 hours and 24 hours total accumulated precipitation
	YES

	2 meters temperature and dew point temperature
	YES

	2 meters relative humidity or specific humidity
	YES

	10 meters wind (speed and direction)
	YES

	Mean sea level pressure  (MSLP)
	YES

	Parameters:  wind (streamlines and speed/direction), temperature, geopotential height, humidity 
Levels:1000mb,925mb, 850mb, 700mb, 600mb, 500mb, 400mb, 300mb, 250mb, 200mb
	YES

	Parameter:  vorticity 
Level:  850mb, 700mb, 500mb, 300mb
	YES (200mb in place of 300mb)

	Parameter:  divergence
Level:  500mb, 300mb, 200mb
	YES

	Parameter:  vertical velocity 
Level: 850mb, 700mb, 500mb
	YES

	Parameter:  potential temperature and equivalent potential temperature
Level:  850mb, 700mb
	850 hPa equivalent potential temperature

	Parameter:  Vertical Wind Shear
                    500-850 hPa, 200-850 hPa
	YES, 200-850 hPa

	Parameter:  lifted index, K index, total totals index, CAPE, CIN, Showalter index, etc
	YES (except Showalter index)

	SKEW-T logarithmic forecast plots for selected grid points based on NWP output (out to 144 hours, 12-hourly)
	NO


(b) Ensemble NWP Products to be made available to IMD New Delhi by Global Centres 

	Parameters 
	JMA

	Probability of 6-hour accumulated precipitation exceeding 50mm and 100mm threshold value
	YES

	Probability of 24-hour accumulated precipitation exceeding 100mm threshold value
	YES

	Probability of 10-meter wind speed exceeding 20kt and 30kt threshold value
	YES

	Probability of significant wave height exceeding 2 m, 4 m and 6 m threshold value
	YES

	Probability of mean wave period exceeding 10 s and 15 s threshold value
	YES

	Ensemble Prediction System meteograms for specified locations (10- day/ 15-day)
	YES
10-day

	Spaghetti diagrams for 500mb geopotential height
	YES

	Thumbnails of probability of precipitation in excess of threshold of 50mm/6h at 6 hours intervals or more
	YES

	ECMWF Extreme Forecast Index and Shift of Tails, and M-Climate  for TMean, Tmax, Tmin, wind gust, wind speed, total precipitation, Max significant wave height, total snowfall
	NO

	ENS Cumulative Distribution Functions (Forecast and M-Climate) and EFI values (for precipitation
	NO

	MJO Index - Extended range forecast
	YES

	Tropical cyclone occurrence and genesis probability maps- including extended range forecast
	YES

	Tropical cyclone strike probability maps
	YES

	Tropical cyclone forecast tracks from ensemble members, including ensemble mean, deterministic and control tracks
	YES

	Tropical Cyclone Lagrangian meteograms (ECMWF)
	NO
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