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1 Purpose

1.1 Purpose & Scope

Fires are formidable agents of disaster, voraciously consuming natural and man-made resources and concurrently emitting particulate and gaseous pollutants into the atmosphere. Remote sensing provides a powerful means of fire monitoring and disaster mitigation. Earlier fire remote sensing activities were limited to identifying fire locations, because the sensors used were easily saturated by strong signal from large or intense fires. With the enhanced radiometric range of the fire channel on the MODIS (Moderate Resolution Imaging Spectroradiometer) sensor aboard the Earth Observing System (EOS) Terra and Aqua Satellites, it is now possible to measure from space the rate of emission of radiative energy associated with remotely-sensed fires. Therefore, the focus of this project is to take advantage of this new capability in developing tools for fire disaster management and air quality monitoring. We will derive rates of biomass consumption and pollutant emission from fires for different biomes and regions, based on the functional relationships between the fire radiative energy, burn scar size, and smoke aerosol column loading, all of which are derived from MODIS, and carbon monoxide (CO) measured by MOPITT (Measurement Of Pollution In The Troposphere) onboard the Terra satellite. The derived biomass consumption and emission rates, together with fire radiative energy from the MODIS data acquired by the US Forest Service (USFS) Direct Broadcast (DB) system, will be assimilated into fire progression and Weather Research and Forecasting (WRF)-Smoke Dispersion models. This will provide near real-time fire intensity and smoke emissions distributions, as well as forecasts of fire spread rate and smoke dispersion, for use in decision support systems for wide-ranging applications, including for fire fighting, alerts, early warning systems, evacuation, emissions inventory, weather, and climate.

1.2 Project Goal & Objectives

The goal of this project is to develop a system ingesting MODIS direct broadcast fire data for monitoring fire strength and emissions in near real-time, and for forecasting fire progression and smoke dispersion. The plan is to implement the system to use the MODIS data stream from the DB station in Missoula, Montana. The project is expected to be completed within 3 to 4 years. The forecasting products will be used by the Forest Service Fire Consortia for Advanced Modeling of Meteorology and Smoke (FCAMMS) and other similar organizations in their decision support systems for disaster and air quality.

2 Project Team 

2.1 Team

Project Manager: 

Dr. Yoram J. Kaufman

Project Team Members: 
Dr. Charles Ichoku





Dr. Shahid Habib

Project Partners:

USDA Forest Service

Dr. Wei Min Hao (Head, Fire Sciences Laboratory, Missoula, MT)

NASA Center Participation:

Stennis Space Center

Fritz Policelli (Systems Engineering Support)

Details of Partnerships and Collaborations:

This project is primarily born out of a long-standing collaboration between the NASA biomass burning and aerosol remote sensing program (headed by Dr. Yoram J. Kaufman) and the Fire Sciences Laboratory (headed by Dr. Wei Min Hao) of the US Forest Service, Missoula, MT, which operates a MODIS direct broadcast receiving station. Further collaborations for this project are currently being developed with groups from NASA Langley, NASA AMES, the University of Maryland, the Environmental Protection Agency (EPA), the National Oceanic and Atmospheric Administration (NOAA), the National Center for Atmospheric Research (NCAR), and other agencies with related activities. These groups will be interacted with as necessary and consulted for their expertise when needed. We will also develop relations with other potential users of our products.

3  Roles and Responsibilities 

· The overall inter-agency coordination, project guidance, and headquarters interactions will be provided by the NASA-GSFC applications program manager (Dr. Shahid Habib).

· The NASA-GSFC team (Dr. Yoram Kaufman, Dr. Charles Ichoku, and group) will collect and process all existing satellite and ancillary data required for this project. These include fire location and fire radiative energy (FRE) emission rate, burn scar, and aerosol data from MODIS on Terra and Aqua, carbon monoxide (CO) concentration data from MOPITT on Terra, and other relevant data from other sensors. Also, wind fields and other ancillary data necessary for correct evaluation of smoke emission and transport will be extracted from the National Center for Environmental Prediction (NCEP) reanalysis database.  The NASA-GSFC team will derive the relationships between the various fire-related parameters (FRE/burn scar/aerosol/CO) in order to establish the fire spread rate and smoke aerosol emission rates as function of the rate of emission of FRE.

· The NASA-GSFC team will work with teams from NCAR and NASA Langley who are responsible for retrieving CO from MOPITT, in order to achieve the most accurate understanding and analysis of their product.

· The USFS team (Dr. Wei Min Hao and other colleages) will develop and customize the fire spread and smoke forecasting models using MODIS fire radiative energy (FRE) measurements to predict fire spread and smoke dispersion 48 hours ahead of real-time.

· The USFS team (in collaboration with the NASA-GSFC team) will conduct flights and laboratory measurements to evaluate the dynamics of fire strength and emissions in an up-close fashion, and to validate the satellite retrievals of FRE, smoke aerosols, and CO, as well as corresponding outputs of model forecasts.

· The NASA-GSFC team will work with the USFS team to implement the ingest of the fire products from the MODIS direct broadcast station into the fire progression and Weather Research and Forecasting (WRF)-Smoke Dispersion models to monitor and forecast the fire progression/smoke dispersion.

· The USFS team (in collaboration with the NASA-GSFC team) will provide technical assistance to fire agencies and local governments in the affected regions to use the products for fire and smoke hazard mitigation planning.

· The NASA-GSFC team will collaborate with EPA to distinguish smoke aerosol due to fires from local air pollution due to industries and transportation, in their effort to maintain local compliance with EPA regulations.

4 Project Implementation

4.1 Approach

The schematic of the approach for developing MODIS direct broadcast-based fire spread and emissions forecasting system is shown in Figure 1. Using the existing satellite and other ancillary data, relationships between FRE and smoke aerosol and CO will be derived and introduced into the forecasting model, which will then be implemented in an operational mode to continuously ingest the FRE from the MODIS direct broadcast station and provide forecasts of fire spread and smoke aerosol and CO dispersion. 
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Figure 1. Schematic of the approach for developing and implementing the nationwide forecasting system for fire progression and emissions using MODIS direct broadcast data, to support disaster mitigation and air quality monitoring operations.

4.2 Deliverables

The first deliverable will be the validation results of the MODIS fire radiative energy and smoke aerosol emissions. About a year and a half into the program, the USFS team will provide these validation results to the NASA-GSFC team for use in determining the accuracies of the FRE-to-emissions conversion functions.

The second deliverable will be the conversion functions for transforming the MODIS-measured fire radiative power to smoke aerosol and CO emission rates. These functions (variable from region to region) will be delivered by the NASA-GSFC team to the USFS team for integration into the fire progression and smoke emissions model. This aspect will be completed at the end of the second year of the project.

Also by the end of the second year of the project, the USFS will provide the fire progression and smoke dispersion model to the NASA-GSFC team for input of MODIS data and generation of fire progression and smoke emissions (testing and refinement phase). 

By 2 1/2 years, the NASA-GSFC team will deliver to the USFS the refined conversion functions (after refinement with satellite lidar data and other relevant measurements) for implementation of the operational process of forecasting with the MODIS direct broadcast data stream. By the end of 3 years the implementation would be completed and the final evaluation and benchmarking will be conducted. 

At the end of the project implementation, a number of products will be operationally generated in near real-time (approximately 2-hours behind real time) and up to 4 times a day. All the products will be provided to the appropriate Decision Support Systems (DSS) such as the National Interagency Fire Center (NIFC) through the internet for easy accessibility (see Appendix A). The major products we plan to provide will include the following:

· Maps showing active fire locations, size, and radiative energy.

· Cumulative burn scar maps for a given fire event.

· Maps showing forecasts of fire spread 48 hours ahead.

· Maps showing smoke aerosol and CO emission rates.

· Maps showing forecasts of atmospheric concentrations of smoke aerosol, CO, and 10-15 other pollutants 48 hours ahead.

Finally, we plan to provide the following documents:

· A final report of work done, jointly written by the teams involved, will be provided to NASA-HQ.

· A user manual for the nationwide forecasting system to be made available on the internet for all users.

· Scientific articles will be published in refereed journals for the scientific community.

· Conference presentations will be delivered at various international conferences. The first of such presentations will be given in the Applications of Remote Sensing (Disaster and Hazards) section at the International Geoscience and Remote Sensing Symposium 2004 (IGARSS-2004) to be held in September 2004 in Anchorage, Alaska.

4.3 Schedule & Milestones 

The program will be executed with the following schedule: 
· Up to mid-2004: Extract satellite and ancillary (NCEP) data (for 2000 to 2003) over dominant biomass-burning regions across the United States. Begin fire phenomenology modeling.

· Mid-2004 to mid-2005: Derive regional emission rates based on the correlation between MODIS fire radiative energy and aerosol flux calculated from the aerosol optical thickness and wind fields from NCEP reanalysis. Do a similar analysis between MODIS fire radiative energy and MOPITT CO data.

· Mid-2005 to end-2005: Integrate available lidar data in the analysis to establish the relationship between the smoke vertical distribution, fire intensity, and local meteorological conditions.

· Mid-2004 to mid-2006: Develop or customize fire progression and smoke emission/dispersion models for continental US, and adapt the MODIS active fire products and the derived emission rates for input into the model.

· Mid-2006 to end-2006: Generating and testing fire progression and smoke emissions from the models.

· Up to mid-2007: Final implementation of procedure within the direct broadcast data stream for near real-time fire spread and smoke (aerosol + CO) emission and dispersion forecasting.

4.4 Budget 

Funding needed from NASA-HQ to enable us to accomplish this important project is of the order of $210,000/yr for 3 years, as shown in Table 1. The Air Quality Program Plan specifies that it is allocating $85,000/yr to this project and indicates that the project is being co-funded with the Disaster Management program. Therefore, it is hoped that the supplementary funding will be provided by the Disaster Management program.  The funding received for this project will be spent as the need arises for payment of contractor services and purchase of equipment and materials. During the course of the project, our USFS partners will provide contributions in kind by way of expertise, models, and equipment; of an estimated total value of $100,000 per year of additional resource.

Table 1:  Traditional budget (non-full cost) for developing the nationwide forecasting system for fire progression and emissions using MODIS direct broadcast data, to support disaster mitigation and air quality monitoring operations.

Description of activity
FY2004

US $
FY2005

US $
FY2006

US $

Integrated Data Analysis (MODIS, MOPITT, ASTER, GLAS, NCEP, CALIPSO and coupling satellite data into the WRF-Smoke Dispersion forecasting model.
60,000     
60,000     
60,000     

Derivation of fire progression, fire emission rates and forecasting models (development, customization, and implementation).
40,000            
40,000              
40,000              

Validation of Fire Radiative Energy and emission rates (incl. aircraft measurements).
60,000            
60,000              
60,000              

Hardware / Software/ Publications.
20,000     
20,000     
20,000     

Travel.
10,000     
10,000     
10,000     

Management, inter-Agency and intra-Agency coordination, and user requirements development.
15,000     
20,000     
15,000     

Total
205,000         
210,000          
205,000          

4.5 Exit Strategy/Project Termination

The project will end 3 to 4 years from start. The development phase of the forecasting system will last 3 years. This will be followed by a short period of time to transition the system to our partners (the USFS), who will maintain the operation during the lifetime of MODIS and beyond (future sensors with similar characteristics). The NASA-GSFC team will be available for consultation during the operational phase.

4.6 Performance Measures

Various strategies will be used to monitor progress for this project. These include:

1. Formal briefing to NASA-HQ every six months to report progress and to review project.

2. Monthly technical team meetings (within individual teams) or teleconferences (between the teams) to assess project task status.   

3. Project review meetings held every six months between the partners (NASA-GSFC and USFS) to communicate progress and leverage activities and results. The meeting will take place either in Greenbelt, MD or in Missoula, MT according to where it is more strategic on each occasion.

4. Direct interaction with satellite and ancillary data providers and other workers in the areas of fires and emissions through meetings, seminars, and workshops in order to re-evaluate (and if necessary re-calibrate) our strategies and methods vis-à-vis prevailing scientific trends and results.

5. Direct interaction with industry and potential users of our products to communicate our development strategies and results and understand system performance.

6. Results of peer-review of technical manuscripts developed by project team members. 
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