First Draft

A. Title: Advanced Modeling and Data Assimilation for Tropical Cyclone Predictions with Special Reference to the Hurricane Weather Forecast Modeling (HWRF) System.

B. Executive summary

Accurate forecast and timely warnings of the position and intensity of the Tropical Cyclones have the potential to save lives and property damages. Recently, the National Oceanic and Atmospheric Administration (NOAA) signed a bilateral agreement with India’s Ministry of Earth Sciences (MOES) to improve tropical cyclone forecasting over the Indian seas.  In order to share NOAA’s advanced understanding and forecasting techniques acquired in the last few years, NOAA and MOES propose to hold an advanced workshop and training in India for approximately 6 days in the February-March, 2012 time frame. The first half would provide a 3-day workshop for presentation and discussion on various aspects of tropical cyclone research, developments and future advancements. This will be followed by 3 days of advanced training tutorials by leading U.S. scientists from NOAA as well as partner research institutions.  These tutorials will introduce Indian scientists to: 

· State-of-the art understanding in tropical cyclones, data assimilation techniques and forecasting of tropical cyclones;
· NOAA’s latest operational, land-ocean coupled, Hurricane Weather Research and Forecasting (HWRF) modeling system with an advanced initialization scheme;

· Joint development of a next generation research and operational system, including a HWRF coupled storm surge prediction system for tropical cyclone prediction over the Indian seas and the subsequent flooding of land falling storms; and 

· Impact analysis, risk and vulnerability assessment aspects of tropical cyclones.

In India, apart from the India Meteorological Department that issues official forecasts and warnings, at present about 18 organizations in academics, research & development and operational weather forecasting viz., Indian Institute of Technology – Delhi (IITD), Indian Institute of Sciences (IISc), India Meteorological Department (IMD), National Center for Medium Range Weather Forecasting (NCMRWF), Indian Institute of Tropical Meteorology (IITM), Space Application Center (SAC), the Center for Development of Advanced Computing (C-DAC), etc. are involved in regional modeling. Around 50 young scientists drawn from these organizations already working in the field of mesoscale modeling in particular with MM5 and interested in WRF modeling system will be trained under this program.  

The training program will create advanced man-power well equipped for the next generation need for improved weather and climate predictions and, subsequent, timely improved warning and guidance. Also further development of HWRF especially geared for the Tropical Cyclones over Indian seas is a critical component of the developing NOAA-MOES bilateral collaborative research. To enhance this activity, after the initial training, 5-10 Indian experts and motivated young forecasters will visit NOAA for a period of 1-3 months to work with several hurricane and modeling experts in NOAA labs and partnering academic institutions. The detailed work program will be developed with NOAA scientists and will be in areas of importance to India. 

C. Contact Information

	Indian PI

Prof. U.C. Mohanty

Centre for Atmospheric Sciences,

Indian Institute of Technology-Delhi,

Hauz Khas, New Delhi – 110016,INDIA

mohanty@cas.iitd.ernet.in 

Indian Co-PI                                             
Dr. Ajit Tyagi

Director General of Meteorology

Ministry of Earth Sciences

Lodi Road, New Delhi – 110 003, INDIA

Phone : 0091-11-24611842
ajit.tyagi@imd.gov.in  
	US PI

Dr.Sundararaman.G.Gopalakrishnan

Hurricane Research Division/AOML/NOAA/DOC 
4301 Rickenbacker Causeway Miami, FL 33149 

gopal@noaa.gov

US Co-PI

Dr.Frank Marks 

Hurricane Research Division/AOML/NOAA/DOC 
4301 Rickenbacker Causeway 
Miami, FL 33149; phone: 305-361-4357  

Frank.Marks@noaa.gov


D. Background, purpose and concept

Background

Although only 5-6 percent of global tropical cyclones have their genesis over the Indian seas, the land falling TCs over the Indian sub-continent account for the highest number of cyclone related deaths in the world. In 1970 the Bangladesh Cyclone caused more than 300,000 fatalities, and in 2008, Cyclone Nargis caused approximately 120,000 fatalities in Myanmar. Between 17th and 20th century, there have been at least 23 events that have each caused more than 5,000 fatalities. Improved warnings and advanced forecasting techniques in India may lead to a significant reduction in loss of life and property as a result of these natural weather events.

In the United States of America, NOAA has been continuously striving towards the goals of improving tropical cyclone forecasts to save life and property. For instance, today’s average 5-day track forecast is as good as the 3-day track forecast was ten years ago. These improvements have been possible because of improved global forecasting system, observations in the region of tropical cyclones and data assimilation techniques for initialization of these forecast models. Through the development of the Hurricane Weather Research and Forecasting (HWRF) and the associated high resolution data assimilation techniques at the Atlantic Oceanographic and Meteorological (AOML) and National Centers for Environmental Predictions (NCEP) under the Hurricane Forecast Improvement Project (HFIP), NOAA has started making significant advancements in tropical cyclone intensity forecasting, as well. For instance, using the next generation data assimilation package called the Hurricane Data Assimilation System (HEDAS) within the Experimental version of the HWRF system operating at a very fine resolution of about 3 km resolution, in the 2010 Atlantic hurricane season, scientists at AOML demonstrated that intensity forecasts may be improved as much as 20% by using radar data to initialize the tropical cyclone inner core region in the HWRF system.


Realizing the importance and requirement for improved predictions of Tropical Cyclones, the U.S. Agency for International Development (USAID) and NOAA have been collaborating with the India Meteorological Department (IMD) since 2003 on the activities to improve the forecasting and early warning system in India.  As a result of this project, which concluded by 30th September, 2008, IMD is equipped with a version of the HWRF system which was run in the operational mode in the USA until recently. Also, a special training workshop was conducted in Jan 2007 at the Indian Institute of Technology, New Delhi where about 30 young scientists were trained on the preliminary version of the HWRF system.  However, thanks largely to the HFIP effort, NOAA has made some giant strides in the development of the modeling system, associated data assimilation techniques, post processing and verification techniques. In brief the HWRF system has expanded multiple fold in terms of its capabilities and accuracy. There is an urgent need to transfer the latest system and provide a tutorial.

In this regard, it may be mentioned that an Implementing Arrangement under Article IV of the Memorandum of Understanding between the Government of India and the Government of the United States of America on Technical Cooperation in Earth Observations and Earth Sciences was signed on October 6th, 2010. This Implementing Arrangement provides a framework for collaboration between the Ministry of Earth Sciences (MoES) of India and the National Oceanic and Atmospheric Administration (NOAA), Department of Commerce, of the United States of America (USA) regarding research into Bay of Bengal tropical cyclones leading to improvements in forecasts for tropical cyclone track and intensity.  While intended to serve as a vehicle for continuing collaboration, it is being implemented for an initial three-year period. The progress of this project is critically dependent on the transfer of state-of-the art HWRF model, Data Assimilation and Verification system and the subsequent training and tutorial proposed here. 

Purpose

Improved warnings and advanced forecasting techniques in India may lead to a significant reduction in loss of life and property as a result of these natural weather events. The Indian MoES and NOAA will collaborate for a period of 3 years on operational implementation of NOAA’s advanced hurricane prediction system and research of Bay of Bengal tropical cyclones leading to improvements in forecasts for tropical cyclone track and intensity forecasting. At the Hurricane Research Division (HRD) of the Atlantic Oceanographic Meteorological Laboratory (AOML), NOAA has decades of experience in tropical cyclone research, in particular prediction of track and intensity of tropical cyclones.  The NCEP uses advanced operational models for hurricane prediction. The latest version of the HWRF system is a merger of advanced efforts between the two NOAA labs. Advanced training is necessary for using this system and advancing hurricane predictions over the Indian Seas.

The activities included in this Implementing Arrangement will entail enhanced cooperation and sharing of information, observations, and numerical models with the intent of contributing to the following items identified in the scope of cooperative activities contained in the broader MoES-NOAA Memorandum of Understanding:
· Support  in terms of technology and expertise  from NOAA to MoES on:

a. Numerical models and data assimilation techniques developed at the AOML, NOAA, as well as the operational cyclone model of NCEP, NOAA. 

b. Quality control and assimilation of the observations   into state-of-the art tropical cyclone track and intensity forecast models.

c. Study of impact of land use and LSP parameterization on land falling tropical cyclones to understand genesis and decaying features of tropical cyclones.

Indian scientists will participate in research and development of next generation tropical cyclone effort which will: incorporate advanced observational systems to improve assimilation and initialization of the tropical cyclone vortex.  The research and development also will foster assimilation of land surface process data sets, development of HWRF coupled storm surge predictions, sharing information and results of the findings, and implementation of the upgrades for operations at IMD.

Concept

            In order to share our advanced understanding and forecasting techniques that we have acquired in NOAA and its partnering institutions in the last few years specifically related to TC forecasting, we propose to hold an advanced workshop and training program in India for about 6 days in Jan-March, 2012 time frame: (i) A 3-day-workshop for presentation and discussion on various aspects of TC Research and Developments in US and India where we will present status reports and future directions. (ii) This will be followed by 3 days of advanced training and hands-on tutorials by leading US scientists from NOAA as well as academia and research institutions to deal with current stat-of-art HWRF operational forecasting system of NOAA. The workshop and training will pave the way for future directions of research and joint development of next generation research and operational system for TC prediction and also impact analysis, risk and vulnerability assessment aspects of TC (the impact part will be lead by our Indian partners).

(i) 3-day-workshop:
The workshop will focus on (a) Current understanding of Tropical Cyclones over the Atlantic Basin including fundamental and state of the art research work related to numerical prediction of tropical storms, dynamics and physics (b) Progress on forecasting and modeling of the Bay of Bengal Tropical Cyclones and (c) Impact analysis, risk and vulnerability assessment aspects of tropical cyclones. It is expected that the research and operational version of the HWRF (April 2010 release) will be available at the India Meteorological Department via a parallel effort related to technology transfer by May 2011. It is also expected that the research version will be run at the IIT.Delhi at a resolution of 3 km with advanced vortex initialization and evaluated for several Bay of Bengal Storms while the same system is kept running at IMD in an operational framework. All this will lead to preliminary discussions related to prediction issues over Bay of Bengal. The aim of this workshop is to expose young researchers in India to Advanced Modeling and Data Assimilation techniques for Tropical Cyclone Predictions with Special Reference to the Hurricane Weather Forecast Modeling (HWRF) System. There will be 10 sessions of oral presentations with 4 presentations per session and 2 sessions dedicated to poster presentations.  It is expected that the proceedings from this workshop will appear in the American Meteorological System’s  Weather and Forecasting (WAF) journal after peer review.

(ii)  Advanced  Tutorial on Modeling and Data Assimilation for Tropical Cyclone Predictions with Special Reference to the Hurricane Weather Forecast Modeling System:
The training will cover the following topics:

· Large Scale Tropics and Numerical Weather Prediction (Krish ?)

· Hurricane Dynamics and Physics (Mike Montgomery and Da Lin)

· Data in hurricanes (Frank)

· Vortex scale and data assimilation techniques (Fuquing)

· Land falling Tropical Cyclones (Dev Niyogi)

· Overview of HWRF modeling system and applications in present & future (Vijay)

· Pre-& post-processing of  HWRF modeling system (Gopal and Vijay)

· HWRF initialization (Vijay)

· Model dynamics and physics (Gopal)

· Hands-on practice in running various components of WRF modeling system

 Interaction for Coordinated Research and Development 

The hand-on practice in running various components of HWRF modeling system will be continued further in this phase with close interaction among the trainees in handling the model code. Also there will be intense scientific interaction between the trainees and mesoscale modelers at CAS-IITD, NCMRWF, IMD and IAF as a thought process of future work endeavor of the trainees on utilization of HWRF modeling system for forecasting applications in India. There will be further discussions on future collaborative research at national level in the field of tropical cyclones and risk assessment.

The training program will thus:

· Provide adequate know-how and expertise in forecasting Tropical Cyclones using the HWRF modeling system.

· Advanced man power development in the areas of  prediction in the tropics.

· Help to educate future science leaders about the next generation community needs;

· Encourage bilateral Indo-US collaborative research in weather and climate modeling.

F. Number of US and Indian participants with affiliation

1. For the Training Program

From NOAA, USA     : 8 expert scientists as resource person for this  workshop/tutorials

From India                 : 7 expert scientists to serve as resource person in the first phase 

                           : 25 participants of the age group below 45 years to be drawn from 16-20 academic, R&D institutes and operational agencies

2. For the subsequent HWRF Development

From India                   : 3-4 young scientists and software engineers to visit NOAA labs and Purdue University for periods of 3-6 months (list to be finalized through mutual consultation between US & Indian PIs)

From USA                      : 2 NOAA scientists per year for the subsequent period of the project. NOAA will pay the time costs for these experts for a period of about 2 weeks. It is expected that the training program may be able to support about 4 travel plans in total for upgrades, tutorials on upgrades of HWRF system and mini workshops. 

G. Proposed venue and date for the Training Program

Venue: Indian Institute of Technology, New Delhi

Time: 27 February to 3 March, 2012

H.  Expected outcome specifically in terms of furthering bilateral cooperation / interaction and other products 

Numerical Forecasting of Tropical Cyclones is now reaching maturity in both research and operational use, and is showing considerable promise for marked advances in forecast performance. NOAA is leading the world in this area and the HWRF model is the most advanced regional model that is used for forecasting at this time. A few bilateral events on mesoscale modeling have been organized in India under Indo-US S&T Forum.  This training program and continuing scientific interaction and model development under Indo-US S&T Forum will strengthen bilateral bonding between the two countries in the field of weather and climate modeling. Also, India is planning for Indo-US joint venture in high impact weather / climate viz., extreme weather events, climate change in near future for useful application of weather forecasting in regional applications in the fields of agriculture, water resource, energy etc. Improved expertise of Indian scientists on next generation regional forecast model (imparted through this advanced training program) will open various avenues of collaborative research in this joint-venture programme. 

1. Total budget estimated cost indicating: [In Indian Rupees]

	International Airtickets1
	From / to 

USA / India
	Unit cost

1,00,000
	Number 
	Number of people 

8


	7,00,000

	Domestic airfare*

Domestic train fare*
	From / to 
	Unit cost


	Number 


	Number of people 


	NIL

	Accommodation2 
	Venue 

Hotel
	Unit cost

7,000
	Number of nights

10
	Number of people 

8
	4,90,000

	Per diem (incidentals)3
USA
	
	3,000
	Number of days

10
	7
	2,10,000

	Event costs*
	
	
	
	
	NIL

	Preparation of event report 5

	
	
	
	
	50,000

	Other expenses6
	As per actual expenditure towards Visa, Insurance, Local travel etc. for USA scientists.


	1,00,000

	Overhead7
	
	
	
	
	1,00,000

	Total requested from Forum
	16,50,000



	Other funding8
	Department of Science and Technology, Govt. of India

towards TA/DA and event cost etc. 


	9.68.000

	Total Program Cost                                                                                                                  26.18.000








