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Introduction 
Efforts to develop fire danger rating systems have been driven by a concern about large fires, 
particularly those burning out of control and endangering human lives and property.  Fire’s 
influence on and response to the changing global climate and, on a smaller scale, fire’s effects 
on regional and local air quality have become international issues. As countries have sought to 
improve public health and safety, wildland and agricultural burning have attracted increasing 
attention as sources of concern and become the target of regulatory attention. 
Fires burn in vegetative fuels largely as a function of weather conditions. Meteorological data 
are critical to forecasting the potential for fires to get started and for their behavior once 
started. A third area of meteorological data needed relates to predicting smoke trajectories and 
dispersion.  The World Meteorological Organization (WMO), the Canadian Forest Service 
(CFS) and others, have addressed this issue over the years by developing tools to evaluate and 
predict the effects of weather and climate on fires and their potential.  One of the key WMO 
focus areas addressed from 2008-2011 is Agrometeorological Aspects of Sustainable 
Agricultural Development. A key performance target is the production of operational 
guidelines for fire weather agrometeorology by 2009.   
It is with this background that the CFS, WMO, and panel for Global Observation of Forest 
and Land Cover Dynamics (GOFC-GOLD), and in collaboration with a number of other 
agencies have organized the International Workshop on Advances in Operational Weather 
Systems for Fire Danger Rating in Edmonton, Canada from 14 to 16 July 2008.  

Specific Objectives of the Workshop 
The workshop will review operational methods used in fire danger rating (FDR) systems from 
around the globe and discuss new developments in system design and potential enhancements. 
Workshop sessions include:  

1. Overview of FDR approaches and role of weather information in fire management 
including concepts and terminology, purposes/requirements, limitations, etc. 

2. Reports on operational and prototype weather-based FDR systems from around the 
globe, including North America, Europe, Russia, Southeast and East Asia, Australasia, 
Latin America, Africa, etc. 

3. Opportunities for FDR system enhancement with break out groups on: 
− Weather observations and networks (access and adequacy of in situ data, use of 

remote sensing, etc.) 
− Data management (collection, storage and retrieval, spatial processing and 

display, dissemination) 
− Weather analyses (fire weather normals, short & medium term weather 

forecasts) 
− Approaches to defining and evaluating fire danger levels (calibration, 

validation) 
− Additional indices of fire danger (live vegetation, curing, soil moisture, human 

behavior, etc.) 
− Smoke forecasting and monitoring (emissions, dispersion, etc.) 

4. Operational guidelines for weather-based FDR including: 
− Discussions with provincial and national fire information centres 
− Review of the WMO Guide on Agricultural Meteorological Practices 
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The 3-day workshop will be followed by a 2-day meeting of the WMO Commission for 
Agricultural Meteorology Expert Team on Agrometeorology for Sustainable Development 
(ET 1.3).  

Expected Outcomes of the Workshop 
The target audience of the workshop includes meteorologists, fire scientists, practitioners and 
managers of wildland fire prevention and mitigation, environmental monitoring organizations 
and the earth observation community. Workshop participants (82) are listed in Appendix 1. 
Senior experts in several fields will be invited to prepare state-of-the-art discussion papers to 
address the above objectives, and these papers will be collected in a report to be prepared soon 
after the Workshop. The programme is designed in such a way as to engage all the 
participants in discussions on each of these papers and to develop appropriate strategies to 
cope with operational fire weather systems and their application in fire management.  
Recommendations from the Workshop will be considered at the ensuing session of the 
Commission for Agricultural Meteorology of WMO for transferring appropriate 
implementation strategies and related services. As well, the workshop will contribute to the 
10-year work plan of the Group on Earth Observations (GEO) towards development of the 
Global Earth Observation System of Systems (GEOSS). 

Local Hosts, Venue and Contacts 
The workshop is hosted by Natural Resource Canada-Canadian Forest Service and the GOFC-
GOLD Project Office, and will be held at the Northern Forestry Centre, 5320 122 St., 
Edmonton, Alberta Canada T6H 3S5, Tel. +1 780 435 7259, Fax +1 780 435 7359. 
Principal workshop contacts: 
 
Ms. Erin Naydenov 
GOFC-GOLD Project Office 
Canadian Forest Service 
Edmonton, Alberta T6H 3S5  
Phone: 1 (780) 430 3836  
Fax: 1 (780) 435 7359 
Email: enaydeno@nrcan.gc.ca 
 

Dr. M.V.K. Sivakumar 
Chief, Agricultural Meteorology Division 
World Meteorological Organization 
7bis, Avenue de la Paix 
1211 Geneva 2, Switzerland 
Phone: +41 22 730 8380       
Fax:   +41 22 730 8042 
Email: msivakumar@wmo.int 
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Principal Sponsors and Steering Committee 
Natural Resources Canada - Canadian Forest Service (CFS) conducts research to develop 
information and decision support systems to monitor and predict wildland fire activity to 
enhance fire management efficiency and effectiveness in Canada and internationally.  
The Government of Alberta encourages balanced and responsible use of its forest resources 
through the application of leading practices in management, science, and stewardship. 
Global Observation of Forest and Land Cover Dynamics (GOFC-GOLD) is a coordinated 
international effort to ensure a continuous program of space-based and in situ forest and land 
cover observations, including the effects of fire. The Fire Mapping and Monitoring theme 
focuses on refining international requirements for fire-related observations and making the 
best possible use of fire products from existing and future satellite observing systems to 
support fire management, policy decision-making, and global change research.  
Key goals are to ensure enhanced operational fire monitoring from space and ground 
measurements, better access and use of data, and standard products of known accuracy.  
The GOFC-GOLD fire monitoring and mapping implementation team works closely with a 
series of regional networks to bring together fire data providers and users to exchange 
information on capabilities and needs and to promote strengthening of regional and national 
fire activities. Regional networks are located in South East Asia, Central and Southern Africa, 
Northern Eurasia, Latin America, and East Asia, and are in partnership with the UNISDR 
Global Wildland Fire Network and its 13 Regional Wildland Fire Networks in all continents.  
GOFC-GOLD is a Panel of the Global Terrestrial Observing System (GTOS), sponsored by 
FAO, UNESCO, WMO, ICSU and UNEP. The GOFC-GOLD Secretariat is hosted by Canada 
and supported by the Canadian Space Agency (CSA) and Natural Resources Canada. Other 
contributing agencies include NASA, ESA, START and JRC. Further information can be 
obtained at http://www.fao.org/gtos/gofc-gold  
The World Meteorological Organization (WMO), founded in 1950, is a specialized agency of 
the United Nations for weather, climate, and water. WMO contributes to the understanding of 
the interactions between climate and agriculture through dedicated observations of the climate 
system; improvements in the application of agrometeorological methods especially with 
climate predictions; proper assessment and management of water resources; and promotion of 
capacity building in the application of meteorological and hydrological data. 
More information on workshop sponsors can be found in Appendix 2. 
The workshop steering committee includes: 

Michael Brady, Canadian Forest Service, Edmonton 
M.V.K. Sivakumar, World Meteorological Organization, Geneva 
Antonio Mestre, State Meteorological Agency, Spain 
Ivan Csiszar, University of Maryland, USA 
Emilio Chuvieco, University of Alcala, Spain 
Kerry Anderson, Canadian Forest Service, Edmonton 
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Overview of Agenda 
The workshop consists of four separate sessions. The first day in plenary includes an 
introductory and overview session, followed by presentations on operational and prototype 
fire danger rating systems from around the world. Session three addresses fire danger rating 
system enhancements in six topic areas, each to include presentations and discussions in three 
streams of break out groups. On day three, break out groups discuss their results in plenary 
with recommendations for operational fire weather guidelines. The detailed agenda is in 
Appendix 3. 
 

Day Time Workshops Venue 
Sunday 
13 July Evening Reception and registration Hotel 

Morning 
Opening 

Session 1. Overview 
Session 2. International reports on FDRS 

Afternoon Session 2. continued 

Northern 
Forestry 
Centre 

Monday 
14 July 

Evening Free  

 Morning Session 2. continued  

  Session 3. FDR Enhancement-Parallel Break 
Out Groups  

Mid-
Morning 

BO 1 Weather 
observations & 
networks 

BO 2 Weather 
analyses 

BO 3 
Additional 
indices 

Afternoon 
BO 1 Weather 
observations & 
networks 

BO 2 Weather 
analyses 

BO 3 
Additional 
indices 

Northern 
Forestry 
Centre 

 
Tuesday, 
15 July 

Evening Free  

 Morning 
BO 4 Data 
management 

BO 5 Fire 
danger levels 

BO 6 FDR 
use in smoke 
forecasting 

 

Mid-
Afternoon 

BO 4 Data 
management 

BO 5 Fire 
danger levels 

BO 6 FDR 
use in smoke 
forecasting 

Afternoon Session 4. Operational guidelines 
Session 5. Conclusions 

Northern 
Forestry 
Centre 

 
Wednesday, 

16 July 

Evening Workshop dinner and cultural event Fort Edmonton

Thursday 
17 July All day WMO CAgM ET 3.1 meeting Hotel 

Friday 
18 July All day WMO CAgM ET 3.1 meeting Hotel 
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Format of Workshop and Participant Preparations 
The workshop will be organized around the delivery and discussion of pre prepared 
information in the form of poster displays, oral presentations using MS Powerpoint, and 
written abstracts, The following is guidance for preparation and submission of: 
 

1. Posters: Related to the workshop topics and up to 120 X 120 cm will be posted in the 
workshop plenary hall. 

2. Presentations on Fire Danger Rating Approaches and Role of Weather Information- 
International Reports: Reports on operational and prototype weather-based FDR 
systems from around the globe. Aspects to be addressed include: a) Overview of 
country/region fire conditions, fire management and need for FDR; b) theoretical basis 
of FDR; c) role of weather networks, data and systems, and other data inputs; d) 
operational features of FDRS; e) applications in fire management; f) collaborators; and 
g) future developments (e.g., data needs, planned improvements, etc.). 

3. Breakout Group Presentations: Three presentations will be delivered at the beginning 
of each breakout session for the purpose of stimulating discussion on one of the six 
designated topics on FDR enhancement. Senior experts in several fields will be invited 
to prepare state-of-the-art presentations. Each presentation should attempt to: a) 
summarize the current status of the enhancement topic; b) describe key scientific, 
institutional and fire management challenges that need to be addressed; and c) pose 1-
2 key questions for the breakout group to address.  
The workshop steering committee will correspond with presenters before the 
workshop to further plan breakout session objectives and intended outcomes. 

4. Abstracts: Please submit by 4 July one abstract to summarize each poster and 
presentation to be delivered. Abstracts should be no more than 3-4 paragraphs in 
length and should be submitted to Erin Naydenov (enaydeno@nrcan.gc.ca). Abstracts 
submitted before the workshop are listed in Appendix 4. 

Travel, Accommodation and Venue 
Air Travel to Edmonton 
International direct connections to Edmonton are provided by airlines with flights originating 
in Europe: Air Canada, bmi, Jet Airways (via London, UK), Lufthansa (via Toronto and 
Frankfurt) and the USA: Northwestern, United, Delta, Skywest. 
The Canadian national carriers, Air Canada (www.aircanada.com) and WestJet 
(www.westjet.com), fly to Edmonton from most cities across Canada. Other Canadian cities 
with international connections include Vancouver, Calgary, Toronto and Montreal. 
Upon Arrival 
Participants will be expected to arrange their own transportation from the airport to city 
hotels. Edmonton’s International Airport is approximately 29 km from the south end of the 
city. Information about the airport can be found at http://www.edmontonairports.com. 
Airport transportation: The estimated taxi fare from Edmonton International Airport to the 
Chateau Lacombe is approximately $55.00. Sky Shuttle operates a private bus service to 
downtown hotels every 20-30 minutes for a fee of $15.00. Their booth is in the arrivals area. 
Cars can be rented on-site at the airport. 
A workshop organizer can be reached at +1 780 695 8658 if assistance is required. 
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Hotel Information 
A special rate of $106.00 (CAD) per night has been negotiated for this event with the Crowne 
Plaza Chateau Lacombe (website: http://www.chateaulacombe.com). A block of rooms will 
be held until June 6, 2008.  After that date, the hotel cannot guarantee that rooms will be 
available.  You are responsible to book your own room – please mention that you are with the 
CFS Meeting to obtain the preferred rate. 

Crowne Plaza Chateau Lacombe 
10111 Bellamy Hill 
Edmonton, AB Canada T5J 1N7 
Ph: (780) 428-6611 
Fax: (780) 420-8379 

Other area hotels include: 
Courtyard Edmonton Downtown 
One Thornton Court, 99 Street and Jasper Avenue  
Edmonton, AB Canada T5J 2E7 
Ph: (780) 423-9999  
Fax: (780) 423-9998  
 
Delta Edmonton Centre Suite Hotel 
10222-102nd Street 
Edmonton, AB Canada T5J 4C5 
Ph: (780) 429-3900 
Fax: (780) 421-3259 
 
Holiday Inn Express 
10010 104th  Street  
Edmonton, AB Canada T5J 0Z1 
Ph: (780) 423-2450 
Fax: (780) 426-6090 

The City of Edmonton: 
Geographical Location: Edmonton is the capital of the Province of Alberta, Canada and the 
fifth largest city in Canada (2005 Civic Census). The population for the Edmonton area and 
surrounding suburbs is approximately 1,014,000. Edmonton is a prairie city located near the 
centre of the province of Alberta in western Canada. 
General Information 
Passports / Visas:  All visitors to Canada must hold a valid passport, visa, and/or other forms 
of authorized identity. The following website provides information on entry requirements to 
visit Canada: http://www.cic.gc.ca/english/visit/index.asp  
Money and Exchange: The official currency of Canada is the Canadian Dollar ($) which 
fluctuates against most international currencies – at this time it is close to par with the U.S. 
dollar. Canadian dollars can be obtained at currency exchanges at the airport and most banks. 
Cash can also be obtained from numerous ATMs located near the hotel and meeting venue. 
Credit cards (VISA, MasterCard, American Express) are widely used and accepted in most 
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establishments and stores. Currency and foreign exchange conversions can be found at: 
http://www.bankofcanada.ca/en/rates/converter.html 
Time Zone: Edmonton is located in the Mountain Daylight Time (MDT) Zone (UTC – 6h). In 
July sunrise is at 05:00 and sunset at 22:00. 
Weather: Temperatures are usually warm and comfortable in the month of July, with daily 
high temperatures averaging in the low 20’s (degrees Celsius). Night time temperatures can 
drop to below 10 degrees. A sweater or light jacket is recommended. Current and forecast 
conditions are available at: http://www.weatheroffice.gc.ca/city/pages/ab-50_metric_e.html  
Edmonton Tourism: http://www.edmonton.com/tourism/portal.asp?page=4 
Travel Alberta Canada: http://www.travelalberta.com  
Canada Tourism: http://www.canadatourism.ca/  
Workshop Venue 
The workshop will be held in the meeting rooms at the Northern Forestry Centre – a 
Government of Canada facility. The Northern Forestry Centre is located in the scenic 
University of Alberta Farms area on the south side of Edmonton. 

Northern Forestry Centre 
5320-122 Street 
Edmonton, Alberta 
+1 780 435 7210 

Participants must register at the reception desk. Bus transportation will be provided each day 
to the Northern Forestry Centre from the Crowne Plaza Chateau Lacombe. There is free 
parking available at the Northern Forestry Centre.  
Registration 
For planning and security purposes, all attendees are asked to register in advance for the 
meetings and workshops. A reception and registration evening will be held at the Crown Plaza 
Château Hotel on Sunday 13 July. 
 



Workshop on Advances in Operational Weather Systems for Fire Danger Rating                  7 

 

Appendices 

Appendix 1. List of Participants 
No. Participant Representing 

1 Alarcon, Constantino National Meteorology and Hydrology Service, Peru 
2 Albar, Israr Indonesia Department of Forestry 
3 Alexander, Martin Natural Resources Canada, Canadian Forest Service, 

Edmonton 
4 Alvarado, Ernesto Univ. of Washington, USA 
 Archibald, Beverly True North Weather Consulting, Canada 

5 Anderson, Kerry Natural Resources Canada, Canadian Forest Service, 
Edmonton 

6 Austin, Christopher de Bruno Ground Operations WoF, South Africa 
7 Beck, Judi British Columbia Ministry of Forests, Canada 
8 Boer, Rizaldi Bogor Agricultural University, Indonesia 
9 Bouchet, Véronique National Prediction Operations, Environment Canada 

10 Bowker, Lisa Natural Resources Canada, Canadian Forest Service, 
Edmonton 

11 Brady, Michael Natural Resources Canada, Canadian Forest Service, 
Edmonton 

12 Camia, Andrea European Commission Joint Research Centre, Italy 
13 Cantin, Alan Natural Resources Canada, Canadian Forest Service, Sault 

Saint Marie 
14 Carr, Richard Natural Resources Canada, Canadian Forest Service, 

Edmonton 
15 Ceccato, Pietro International Research Institute for Climate and Society, 

Columbia University, USA 
16 Chuvieco, Emilio University of Alcala, Spain 
17 Cruz Lopez, Maria CONABIO, Mexico 
18 Csiszar, Ivan University of Maryland, USA 
19 Delgado, Edward Bureau of Land Management, USA 
20 Dentoni, Maria Carmen Plan Nacional Manejo del Fuego, Argentina 
21 Di Bella, Carlos Redlatif Regional Network/INTA, Argentina 
22 Englefield, Peter Natural Resources Canada, Canadian Forest Service, 

Edmonton 
23 Epele, Fernando Chubut Prov. Fire Management Service, Argentina 
24 Field, Robert University of Toronto, Canada 
25 Fujioka, Francis USDA Forest Service, USA 
26 Galan Cirett, Mario Ajos-Bavispe National Forest Preserve and Wildlife 

Refuge, Mexico 
27 Gomez-Dans, Jose King’s College London, UK 
28 Goos, Tim Prairie and Northern Region, Environment Canada 
29 Gowman, Lynn Natural Resources Canada, Canadian Forest Service, Sault 

Saint Marie 
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No. Participant Representing 

30 Groenewegen, Kathleen Northwest Territories Environment and Natural Resources, 
Canada 

31 Guang Yang Northeast Forestry University, China 
32 Guswanto, Abdul Gani Indonesia Agency for Meteorology and Geophysics 
33 Harrison, Don Alberta Environment, Land and Forest Service, Canada 
34 Holden, Nicholas University College Dublin, Ireland 
35 Jolly, Matt USDA Forest Service, USA 
36 Kelly, Mbuelo Department of Water Affairs and Forestry 
37 Kinuthia, Sammy Meteorological Department, Kenya 
38 Kitchen, Karl The Met Office, UK 
39 Kruus, Robert Saskatchewan Fire Management and Forest Protection 

Branch, Canada 
40 Krezek, Chelene Natural Resources Canada, Canadian Forest Service, Sault 

Saint Marie 
41 Kwan, Janet Natural Resources Canada, Canadian Forest Service, 

Edmonton 
42 Lavoie, Nathalie British Columbia Ministry of Forests, Canada 
43 Lynham, Timothy Natural Resources Canada, Canadian Forest Service, Sault 

Saint Marie 
44 Maczek, Paul Saskatchewan Fire Management and Forest Protection 

Branch, Canada 
45 Manta, Isabel Maria Universidad Nacional Agraria La Molina, Peru 
46 Mbow, Cheikh West Africa Regional Network, Senegal 
47 Mjikwa, Nelly Department of Water Affairs and Forestry 
48 McCarthy, Anne Environment Canada 
49 Mestre, Antonio State Meteorological Agency, Spain 
50 Miller, Gordon Natural Resources Canada, Canadian Forest Service, 

Edmonton 
51 Murthy, Radha Vasiraju 

Krishna 
Acharya N.G.Ranga Agricultural University, India 

52 Naydenov, Erin Natural Resources Canada, Canadian Forest Service, 
Edmonton 

53 Nimchuck, Nick Alberta Sustainable Resources Development, Canada 
54 Nordgren, Bryce USDA Forest Service, USA 
55 Pankratz, Al Prairie and Northern Region, Environment Canada 
56 Potter, Brian USDA Forest Service, USA 
57 Ratnayake, Lakmal Parks Canada 
58 Rice, Mick Ontario Ministry of Natural Resources, Canada 
59 Roswintiari, Orbita SE Asia Regional Research Information Network, 

Indonesia 
60 Sakiyama, Steve British Columbia Ministry of Environment, Canada 
61 Salinger, Jim WMO Commission for Agricultural Meteorology, New 

Zealand 
62 Sangalugembe, Chuki Tanzania Meteorology Agency 
63 Sivakumar, M.V.K. World Meteorological Organization, Geneva 
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Cont... 
No. Participant Representing 

64 Soja, Amber National Institute of Aerospace, USA 
65 Steenkamp, Karen Council for Scientific and Industrial Research (CSIR), 

South Africa 
66 Stefanski, Robert World Meteorological Organization, Geneva 
67 Suddaby, Rod Natural Resources Canada, Canadian Forest Service, 

Edmonton 
68 Sukhinin, Anatoly Sukachev Forest Institute, Krasnoyarsk, Russia 
69 Taylor, Steve Natural Resources Canada, Canadian Forest Service, 

Victoria 
70 Thongboonchoo, Narisara SE Asia Regional Research Information Network, Thailand 
71 Tymstra, Cordy Alberta Sustainable Resources Development, Canada 
72 Ustin, Susan University of California, USA 
73 Valese, Eva University of Padova, Italy 
74 Vega-Garcia, Cristina University of Lleida 
75 Vucetic, Marko Meteorological and Hydrological Service, Croatia 
76 Vucetic, Visnja Meteorological and Hydrological Service, Croatia 
77 Wang, Yonghe Natural Resources Canada, Canadian Forest Service, 

Edmonton 
78 Wasylenchuk, Scott Saskatchewan Fire Management and Forest Protection 

Branch, Canada 
79 Wiebe, Bram  
80 Weins, Brian Prairie and Northern Region, Environment Canada 
81 Zaki, Ahmad Mohamad Saad Malaysia Meteorological Department 
82 Zhan Shu Northeast Forestry University, China 
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Appendix 2. Background Information on Sponsoring 
Organizations 
The global change SysTem for Analysis, Research and Training (START), provides an 
international framework for capacity building. START fosters regional networks of 
collaborating scientists and institutions in developing countries to conduct research on 
regional aspects of environmental change, assess impacts and vulnerabilities to such changes, 
and provide information to policy-makers. 
The 2007-2009 work plan of the Group on Earth Observation (GEO) includes activities 
concerning land cover / land cover change and a specific task concerning the progressive 
setup of a Wildland Fire Warning System at Global Level.  
The Global Fire Monitoring Centre (GFMC) provides a global portal for wildland fire 
documentation, information and monitoring. The regularly updated national to global 
wildland fire products of the GFMC are generated by a worldwide network of cooperating 
institutions. The online and offline products include early warning of fire danger and near-real 
time monitoring of fire events. 
The Alberta Sustainable Resource (SRD) Department encourages balanced and responsible 
use of Alberta’s natural resources through the application of leading practices in management, 
science and stewardship. SRD Forestry ensures the multiple benefits received from the 
province’s forests are realized by utilizing a combination of leading forest management, forest 
wildfire protection and forest industry practices to provide leadership and oversight in the 
management of Alberta’s forests. 
The Alberta Forestry Research Institute (AFRI) is comprised of representatives from industry, 
academia and government whose mission is to enhance the contribution of science and 
research to the economic, environmental and community sustainability of Alberta and to 
promote the global competitiveness of its forestry sector. Prioritizing, coordinating and 
promoting research and development and encouraging their application in the Alberta forest 
sector are the key responsibilities of AFRI. 
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Appendix 3. Detailed Agenda 
INTERNATIONAL WORKSHOP ON ADVANCES IN OPERATIONAL WEATHER 
SYSTEMS FOR FIRE DANGER RATING  

 
Edmonton, Canada, 14-16 July 2008 

 
PROVISIONAL AGENDA 

 
SUNDAY, 13 JULY 2008 
  
 Participants arrive in Edmonton 
  
19:00-
21:00  

Registration and welcome reception at Crowne Plaza Chateau Lacombe, River Valley 
Room, collection of posters, (coordination meeting for Chairs and Facilitators, 19:30) 

  
MONDAY, 14 JULY 2008 
  
08:00  Bus leaves Crowne Plaza Chateau Lacombe 
  
08:30 Registration at Northern Forestry Centre, Pine Room, poster set up 
  
 SESSION 1 
 Opening of the Workshop 
 (Chair 1: Michael Brady) 
  
09:15 Welcome and workshop overview 
 Michael Brady, Executive Director GOFC-GOLD, Canadian Forest Service 
  
09:25 Welcoming statements 
 Gordon Miller, Director General, Canadian Forest Service 
 M.V.K. Sivakumar, Chief, Agricultural Meteorology Division, World Meteorological 

Organization (WMO) 
 Jim Salinger, President, Commission for Agricultural Meteorology of WMO 
 Tim Goos, Regional Director General, Prairie and Northern Region, Environment 

Canada 
  
10:00 Keynote Address – History and Legacy of Fire Danger Rating in Wildland Fire 

Management 
 Martin Alexander, Canadian Forest Service 
  
10:30  Group Photo, Break and Poster Session 
  
 SESSION 2 
 Fire Danger Rating (FDR) Approaches and Role of Weather Information – 

International Reports 
 (Chair 2: Cristina Vega  Rapporteur: S. Kinuthia) 
  
11:00 Operational FDR in Argentina 
 Carlos Di Bella, INTA/Redlatif Regional Network; Fernando Epele, Chubut Prov. Fire 

Management Service, Argentina 
  
11:20 Wildfire Weather Analysis in Croatia Using Numerical Modeling and CFFWIS 

Products  
 Marko Vucetic and Visnja Vucetic, Meteorological and Hydrological Service 
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11:40 Forest Fires and FDR in China 
 Yonghe Wang, CFS; Xueying Di, Zhan Shu, Guang Yang, Northeast Forestry 

University 
  
12:00 FDR in the European Forest Fire Information System (EFFIS) of the European 

Commission 
 Andrea Camia, EC Joint Research Centre 
  
12:20 Discussion 
  
12:30 Lunch 
  
 SESSION 2 continued 
 Chair 3: Robert Field  Rapporteur: Rizaldi Boer) 
  
14:00 Developing a FDR System for the United Kingdom 
 Karl Kitchen, UK Meteorological Service 
  
14:20 Operational FDR in Indonesia 
 Guswanto Abdul Gani, Agency for Meteorology and Geophysics; Israr Albar, 

Department of Forestry; Orbita Roswintiarti, Indonesia Space Agency 
  
14:40 Operational FDR in Malaysia and Association of Southeast Asia Nations 
 Ahmad Zaki, Malaysian Meteorological Department; Orbita Roswintiarti, Indonesia 
  
15:00 Operational FDR in New Zealand and Prediction of Fire Season Severity 
 Jim Salinger, National Institute of Water & Atmospheric Research; WMO Commission 

for Agricultural Meteorology 
  
15:20 Operational FDR in Peru 
 Maria Isabel Manta, Universidad Nacional Agraria La Molina; Constantino Alarco, 

National Meteorology and Hydrology Service 
  
15:40  Break and Poster Session 
  
 SESSION 2 continued 
 Chair 4: Tim Lynham  Rapporteur: V.R.K Murthy) 
  
16:00 10. Assessment of a Forest-fire Danger Index for Russia using NOAA 

Information 
 Ivan Csiszar, University of Maryland; Anatoly Sukhinin, Eugene Ponomarev 

Sukhachev Institute of Forest; Douglas McRae, CFS 
  
16:20 Operational FDR in South Africa: Lowveld FDR; Advanced Fire Information 

System 
 Christopher de Bruno Austin, Working on Fire, South Africa; Karen Steenkamp, Philip 

Frost, Council for Scientific and Industrial Research (CSIR), South Africa 
  
16:40 Operational FDR in Spain 
 Antonio Mestre, State Meteorological Agency et al 
  
17:00  Discussion and organization of break-out groups on FDR enhancements 
  
17:20 Adjournment 
  



Workshop on Advances in Operational Weather Systems for Fire Danger Rating                  13 

 

17:30 Bus leaves Northern Forestry Centre to downtown hotel 
  
Evening Free 
  
  
TUESDAY, 15 JULY 2008 
  
08:00 Bus leaves Crowne Plaza Chateau Lacombe for Northern Forestry Centre 
  
 SESSION 2 continued 
 (Chair 4: Narisara Thongboonchoo  Rapporteur: Eva Valese) 
  
08:40 US National FDR: Past, Present and Future 
 Matt Jolly, Francis M. Fujioka, USDA Forest Service 
  
09:00 Assessing the Fire Danger in Alberta: Application of the Canadian FDR System 
 Nick Nimchuck, Alberta Sustainable Resources Development 
  
09:20 Development of a Global Early Warning System for Wildland Fires 
 Tim Lynham, Natural Resources Canada; Ivan Csiszar, GOFC-GOLD, University of 

Maryland 
  
09:40  Discussion   
  
10:00  Break and Poster Session 
  
10:30 Webcast of Alberta fire weather briefing 
 Nick Nimchuck, Alberta Sustainable Resources Development 
  
10:50 Synthesis of international reports on operational FDR approaches 
 (Session 2 Chairs and Rapporteurs) 
  
 SESSION 3  
11:20 FDR System Enhancement – Parallel Breakout Groups (BG) 1, 2 & 3 
 Chair 5: Michael Brady  Rapporteur: Lisa Bowker) 
 Overview and directions for break-out group room locations 
   
11:30 BG 1. Weather 

Observations and 
Networks 
Facilitators: Richard Carr 
and Antonio Mestre 
Rapporteur: Rod Suddaby 
Review of BG issues and 
questions to address 

BG 2. Weather Analyses 
Facilitators: Kerry 
Anderson, Francis Fujioka 
and Brian Potter 
Rapporteur: Janet Kwan 
Review of BG issues and 
questions to address 

BG 3. Additional Indices 
of Fire Danger 
Facilitators: Peter 
Englefield and Emilio 
Chuvieco 
Rapporteur: Erin 
Naydenov 
Review of BG issues and 
questions to address 

 Weather in the Canadian 
Wildland Fire Information 
System & FDRS for West 
Africa, The GOFC-
GOLD/WARN initiative 
Richard Carr,CFS; 
Cheikh Mbow, Senegal 

Fire Weather Analysis 
and Forecasting: 
Grid Points to Ponder 
Francis Fujioka, USDA 
Forest Service 

Estimating Canopy 
Water Content from 
Airborne and Satellite 
Platforms 
Susan Ustin, University of 
California, USA 

 Remotely-Sensed FDRS 
to Support Forest/Land 

Atmospheric Profile 
Representation in Fire 

Fuel Moisture 
Measurements in FDR 
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Fire Management in 
Indonesia 
Orbita Roswintiarti, 
Indonesian Space Agency 

Danger 
Brian Potter, USDA Forest 
Service 

Edward Delgado, Bureau 
of Land Management, USA
 

 Fire Weather Program -
Province of Ontario 
Mick Rice, Ontario Ministry 
of Natural Resources 

Errors in Numerical 
Weather Data and Their 
Impacts on FDR Systems 
Karl Kitchen, UK Met. 
Service 

Remote Sensing and 
Human Factors in FDR 
Emilio Chuvieco, 
University of Alcala, Spain 

 Agrometeorological 
Networks in Argentina 
Carlos Di Bella, INTA 
/Redlatif Regional Fire 
Network, Argentina 

Climate Forecast, Early 
Warming and Response 
to Peatland Fires in 
Central Kalimantan, 
Indonesia  
Pietro Ceccato, 
International Research, 
USA 

 

    
12:30 Lunch   
    
13:30 Discussion  Discussion Discussion 

 
 Prepare summary Prepare summary Prepare summary 
 
 SESSION 3 continued 
 FDR System Enhancement – Plenary 1 to consider Breakout Group Reports 
 Chair 5: Michael Brady  Rapporteur: Lisa Bowker 
  
15:00 BG 1 Presentation of Summary on Weather Observations and Networks 
 Richard Carr and Antonio Mestre Rapporteur: Rod Suddaby 
  
15:30 Break and Poster Session 
  
16:00 BG 2 Presentation on Summary of Weather Analyses 
 Kerry Anderson, Francis Fujioka and Brian Potter Rapporteur: Janet Kwan 
  
16:30 BG 3 Presentation of Summary on Complimentary Indices of Fire Danger 
 Peter Englefield and Emilio Chuvieco Rapporteur: Erin Naydenov 
  
17:00 Overview of breakout session II and room locations, and adjournment  
  
17:20 Bus leaves Northern Forestry Centre to downtown hotel  
  
Evening Free 
  
WEDNESDAY, 16 JULY 2008 
  
08:00 Bus leaves Crowne Plaza Chateau Lacombe for Northern Forestry Centre  
  
 SESSION 3 continued 
 FDR System Enhancement – Parallel Breakout Groups (BG) 4, 5 & 6 
 (Chair 6: Matt Jolly  Rapporteur: Michael Brady) 
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08:40 BG 4. Data Management 

Facilitators: Rod Suddaby 
and Guswanto Abdul Gani 
Rapporteur: Erin 
Naydenov 
Review of BG issues and 
questions to address 
 

BG  5. Approaches to 
Defining and Evaluating 
Fire Danger Levels  
Facilitators: Steve Taylor 
and Nathalie Lavoie 
Rapporteur: Richard Carr 
Review of BG issues and 
questions to address 

BG 6. Smoke 
Forecasting and 
Monitoring 
Facilitators: Kerry 
Anderson and Orbita 
Roswintiarti 
Rapporteur: Janet Kwan 
Review of BG issues and 
questions to address 

 Data Management in the  
CWFIS: An IT 
Perspective 
Rod Suddaby, Canadian 
Forest Service 

FDR Implementation and 
Calibration in the Alpine 
Region of Italy 
Eva Valese, University of 
Padova, Italy 

FDR-related Haze Early 
Warning and Issues Re: 
Haze Forecasting in SE 
Asia 
Orbita Roswintiarti, 
Indonesia Space Agency 

 National and Regional 
FDR Data Management in 
Southeast Asia  
Guswanto Abdul Gani, 
Indonesia Geophysical and 
Meteorological Agency  

Adoption of the FFMC for 
the Canadian FWI 
System for FDR in the 
Province of Zhejiang, 
China 
Y. Wang, CFS 

The Bluesky Western 
Canada (BC/Alberta) 
Pilot Project 
Steve Sakiyama, BC 
Ministry of Environment, 
Canada 

 FDR Data Management 
Issues in the EC 
Andrea Camia, Joint 
Research Centre 

Calibration of the 
Canadian FWI System for 
SE Asia 
Robert Field, University of 
Toronto; 

Long-Range Air Quality 
Modeling: The Impact of 
Large Fires 
Bryce Nordgren, USDA 
Forest Service 

 Forest Information 
Management Challenges 
in the Northwest 
Territories 
Kathleen Groenewegen, 
Government of NWT 

Statistical Modeling of 
Fire Risk Using NFDRS 
Outputs 
Francis Fujioka, USDA 
Forest Service 

Smoke Emissions 
Estimates from Forest 
Fire Behaviour 
Kerry Anderson, CFS 

   Arctic Research of the 
Composition of the 
Troposphere from 
Aircraft and Satellites 
(ARCTAsS) 
Amber Soja, National 
Institute of Aerospace, 
USA 

09:40 Discussion Discussion Discussion 
    
10:30 Break   
    
10:50 Discussion continued Discussion continued Discussion continued 

 
 Prepare summary Prepare summary Prepare summary 
 
12:30 Lunch 
  
 SESSION 3 continued 
 FDR System Enhancement – Plenary 2 to consider Breakout Group Reports  
 Chair 6: Matt Jolly  Rapporteur: Michael Brady 
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13:30 BG  4. Presentation on Summary of Data Management 
 Rod Suddaby and Guswanto Abdul Gani Rapporteur: Erin Naydenov 
  
14:00 BG 5. Approaches to Defining and Evaluating Fire Danger Levels 
 Steve Taylor and Nathalie Lavoie Rapporteur: Peter Englefield 
  
14:30 BG 6. Presentation on Summary of Smoke Forecasting and Monitoring 
 Kerry Anderson and Orbita Roswintiarti Rapporteur: Janet Kwan 
  
15:00 Break 
  
 SESSION 4  
 Status of Operational Guidelines for Weather-based FDR 
 Chair 7: Jim Salinger  Rapporteur: Robert Stefanski 
  
15:20  WMO Operational Guidelines  
 M.V.K. Sivakumar, World Meteorological Organization 
  
15:40 Commission on Agrometeorology Expert Team on Agrometeorological Aspects 

of Sustainable Agricultural Development (ET 1.3) 
 Antonio Mestre, Meteorology Agency of Spain 
  
16:00 General Discussion 
  
 SESSION 5 
 Closing Session 
  
16:20 Plans for reporting, follow-on events and workshop closure  
 Michael Brady, Canadian Forest Service 
  
16:25 Vote of Thanks  
 M.V.K. Sivakumar, WMO, Geneva, Switzerland 
  
16:40  Bus leaves Northern Forestry Centre to Fort Edmonton for evening event, including: 

tour of historic Fort Edmonton; western dinner (hosted) with cash bar; and First 
Nations dancers with music  

  
21:00 Bus leaves Fort Edmonton to hotel downtown  
  
THURSDAY 17 and FRIDAY 18 JULY 2008 
  
09:00–
16:30 

Meeting of the WMO Commission for Agricultural Meteorology Expert Team 1.3. 
Crowne Plaza Chateau Lacombe, River Valley Room   
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Appendix 4. Abstracts of Presentations and Posters 
 List alphabetically by first author 
 

Smoke Emissions Estimates from Forest Fire Behaviour 
Kerry Anderson, Canadian Forest Service 

Fire characteristics and behaviour play an important role in smoke emissions.  The amount of 
fuel consumed by the fire is directly related to the amount and types of smoke emissions from 
a fire while the intensity of a fire can determine the height of the smoke plume. 
Fire management systems such as the Canadian Wildland Fire Information System monitor 
the current fire situation on a daily basis.  These systems can provide the necessary 
information to calculate inputs for a smoke forecasting system. 
 

Weather in the Canadian Wildland Fire Information System 
Richard Carr, Canadian Forest Service 

The Canadian Wildland Fire Information System (CWFIS) acquires, stores, analyzes, and 
disseminates current and historical Canadian wildland fire information. The CWFIS, 
developed and operated by the Wildfire Fire Information Systems Group at Natural Resources 
Canada-Canadian Forest Service, showcases developments in Canadian fire science. The 
CWFIS provides a national view of daily fire potential and activity, supporting Natural 
Resources Canada and Public Safety Canada emergency response programs, national and 
international reporting mandates, and needs of fire management agencies and the public. 
Content is presented through the CWFIS web site: http://cwfis.cfs.nrcan.gc.ca . 
A major CWFIS component is acquisition, processing, and management of weather data  from 
national and provincial agencies. Decoding software developed by the CFS extracts 
information from WMO-standard METAR/SA, synoptic, and upper air reports. Provincial and 
territorial fire weather data are obtained via ftp or web harvesting. Innovative data processing 
methods include temperature and humidity adjustment for elevation, quality control checks 
using global and regional parameter ranges, temperature comparison with maximums 
expected for season and latitude; and interpolation choices used in geospatial processing. 
Problems with some automatic weather instruments are noted, with anomalous precipitation 
reports being the greatest concern in fire weather operations. Improvements in Canadian forest 
meteorology are made by the Forest and Fire Meteorology Working Group, which operates 
under the umbrella of the Canadian Interagency Forest Fire Centre. 
Canadian fire science and systems have been applied to many global regions, including parts 
of the USA and Europe, Mexico, New Zealand, and Southeast Asia. The most recent 
international application is development of an African prototype for a global fire early 
warning system. 
 

What else is needed? Relevance of non-weather data for operational fire danger 
assessment 

Emilio Chuvieco, Department of Geography, University of Alcalá, Spain 
Most operational fire danger assessment systems rely on meteorological variables. Most 
commonly, danger rating indices are generated using a combination of those variables, which 
are critical for estimating fire ignition and fire propagation conditions. In spite of the 
importance of taking into account atmospheric conditions, they do not explain the full range 
of conditions leading to fire occurrence. When fires are mainly caused by human variables, 
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weather conditions only explain the potential of fire ignition or propagation, but sometimes 
they fail to estimate the actual fire outbreaks, which are leaded by other socio-economic 
drivers. Therefore, improving fire danger estimation requires to ameliorate our knowledge on 
where, when and why humans cause fires. The spatial analysis of those factors are greatly 
enhance by using geographic information systems (GIS) technologies, since they provide 
tools to quantitatively assess relations between fire patterns and socio-economic variables.  
On the other hand, remotely sensed data provide a better characterization of live fuel 
conditions, both related to biomass loads and moisture conditions. Dead fuels are generally 
well characterized by weather observations. However, live fuels are less directly influenced 
than dead fuels by atmospheric conditions, since live plants have different mechanisms of dry-
resistance. Therefore, the estimation of moisture conditions from satellite observations 
become a sound alternative to better understand medium and long-term trends in moisture 
status of live fuels. 
Keywords:  Fire risk, Fuel Moisture Content, Fuel type, Human fire risk, Satellite Earth 
Observation, Fuel moisture content, Remote Sensing, Geographic Information System 
 

Development of a framework for fire danger assessment using Remote Sensing and 
Geographic Information System technologies 

Emilio Chuvieco, Inmaculada Aguado, Marta Yebra, Héctor Nieto, Mariano García, Javier 
Salas, M. Pilar Martín, and Diego Padrón 

Department of Geography, Univerity of Alcalá, Spain 

Lara Vilar and Javier Martínez, Institute of Economics, Geography and Demography 
 Susana Martín, Department of Economy and Forest Management, Mounts University City 

Fire prevention is critical to reduce the negative impacts of fire. This paper presents the input 
variables and the integration scheme developed within the Firemap project (funded under the 
Spanish Ministry of Science and Technology) to map wildland fire occurrence probability. 
The project first generated fire danger variables related to several factors of fire ignition or 
propagation. They were generated from a wide variety of sources using geographic 
information systems and remote sensing technologies. All variables were mapped at 1 sq km 
spatial resolution for several study regions of Spain, and were integrated into single indices by 
taking into account fire causes, moisture status of fuel and fire propagation patterns. The 
danger assessment system included the development of a dedicated web-mapping server to 
facilitate the access to the end-users. This service was tested in the summer of 2007 for semi-
operational use.  
Keywords:  Fire risk, Fuel Moisture Content, MODIS, Human fire risk, Fire propagation 
 

Fuel Moisture Measurements in Fire Danger Ratings:  The National Fuel Moisture 
Database (NFMD) and the need for national fuels sampling and data standards. 

Edward Delgado, Bureau of Land Management, USA 
The National Fuel Moisture Database (NFMD) is an online database that makes readily 
available the live and dead fuel moisture data collected in comprehensive fuels monitoring 
programs established by land management agencies across the United States.  Patterned after 
a regional system developed in 2006, the NFMD continues the “one-stop shopping” concept 
for fuels and weather data that was part of the original Real-time Observations Monitor and 
Analysis Network (ROMAN) design in 2002.   
The NFMD provides easy access to graphical and tabular displays of fuel moisture 
information for user-selected sampling sites or fuel types.  Since in situ fuel moisture 
information is an important part of predicting fire danger and fire behavior, this data can be an 
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invaluable tool.  Better fire danger and behavior predictions will allow fire managers to make 
better decisions that can enhance preparedness, improve firefighter safety, better define 
management response to wildland fire and potentially reduce the costs of managing wildland 
fire.  
To best utilize this information, there has to be a set of interagency standards for fuels 
collection and sampling.  Procedures and protocols must be developed for collection of 
samples (i.e., collection tools and receptacles), processing of samples (i.e., storage, scales for 
weighing, ovens for drying, etc.) and statistical analysis of data (i.e., frequency of sampling, 
number of samples, normalization of data, etc.) to ensure that results are accurate and uniform 
among geographic regions, across agencies and within fuel types.   

 
Fire Danger Rating in the province of Chubut, Argentina:  

Operational Applications 
Fernando Epele, Provincial Service of Handling of Fire, Argentina 

The Servicio Provincial de Manejo del Fuego (SPMF) of the Province of Chubut, was created 
in 1983 to protect an area of 2 million hectares of forests, shrubs and grasses.  Since 2000 
FWI has been used by SPMF as a fire danger rating tool to support operational activities. 
 FWI was implemented in the Province as a part of the Project “Argentina 2000, of Fire 
Management and Technology Transfer” in a Cooperative Agreement between the British 
Columbia Fire Service (BCFS), Canada and the Plan Nacional de Manejo del Fuego (PNMF), 
Argentina. At present, SPMF has 11 Fire Brigade Operational Bases where the FWI is 
calculated.  For this purpose, real time meteorological data are provided by weather stations 
belonging to different agencies. The resulting codes and indexes of the day and those for the 
next three days, obtained through forecasted weather data provided by the Servicio 
Meteorológico Nacional (SMN), are analysed by fire personnel in operational meetings held 
twice a week and danger classes determined for five fuel types. Through a discussion process 
a final fire danger class is assigned for the area represented by each meteorological station, for 
the day and the next three following days. Considering the fire danger class and the 
probability of fire occurrence due to either anthropogenic or natural causes and fire behaviour 
expected, prevention and pre suppression decisions are taken following established guidelines. 
This process results in relevant benefits to SPMF as it provides objective information for the 
decision making process of pre suppression and prevention, thus making the resources 
administration more efficient and improving safety conditions.  

 
Calibration of Canadian Forest Fire Danger Rating System components for Southeast 

Asia and China 
Robert Field, University of Toronto 

Yonghe Wang, Canadian Forest Service, NoFC 
Bill de Groot, Canadian Forest Service, GLFC 

Orbita Roswintiarti, Indonesian National Institute of Aeronautics and Space 
Guswanto Abdul Gani, Indonesian Agency for Meteorology and Geophysics 

We report on efforts to calibrate components of the Canadian Forest Fire Danger Rating 
System for use in Southeast Asia and China. 
In Southeast Asia, forest and land fires have many social, economic, and environmental 
impacts. To mitigate these fire-related problems, Fire Danger Rating Systems (FDRS) were 
developed for Indonesia and Malaysia to provide early warning of the potential for serious fire 
and haze events. In particular, they identify time periods when fires can readily start and 
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spread to become uncontrolled fires and time periods when smoke from smouldering fires will 
cause an unacceptably high level of haze. The FDRS were developed by adapting components 
of the Canadian Forest Fire Danger Rating System, including the Canadian Forest Fire 
Weather Index (FWI) System and the Canadian Forest Fire Behavior Prediction (FBP) 
System, to local vegetation, climate, and fire regime conditions. A smoke potential indicator 
was developed using the Drought Code (DC) of the FWI System. Historical air quality 
analysis showed that the occurrence of severe haze events increased substantially when DC 
was above 400. An ignition potential indicator was developed using the Fine Fuel Moisture 
Code (FFMC) of the FWI System. Historical hot spot analysis, grass moisture, and grass 
ignition studies showed that fire occurrence and the ability for grass fires to start and spread 
dramatically increased when FFMC > 82. The Initial Spread Index (ISI) of the FWI System 
was used to develop a difficulty of control indicator for grassland fires, a fuel type that can 
exhibit high rates of spread and fire intensity. 
This ISI-based indicator was developed using the grass fuel model of the FBP System, along 
with a standard grass fuel load and curing level estimated from previous Indonesian studies. 
Very high fire intensity is expected in grasslands when ISI≥6. To provide early warning, 
FDRS identifies classes of increasing fire danger as the FFMC, DC, and ISI approach these 
key threshold values. The Indonesian FDRS is now operated nationally at the Indonesian 
Meteorological and Geophysical Agency. The Malaysian Meteorological Service operates the 
Malaysian FDRS and displays regional outputs for the Association of Southeast Asian 
Nations. The FDRS are being used by forestry, agriculture, environment, and fire and rescue 
agencies to develop and implement fire prevention, detection, and suppression plans. 
In China, the Canadian Forest Fire Weather Index System was evaluated using the weather 
and fire data for the year 2000 from Zhejiang province. Four indexes -- fine fuel moisture 
content, duff moisture content, drought code, and fire weather index -- were each calculated 
daily from January 20 to the end of the year based on the weather data for the temperature, 
relative humidity, precipitation, and wind speed from 24 weather stations across the province. 
The daily calculated fire indexes were spatially interpolated to produce a grid covering the 
whole province. The daily ignition locations of the forest fires occurring in 82 days in the year 
2000 were then overlaid with the interpolated grids to examine if relationships existed 
between the ignition locations and the fire danger ratings at the locations as reflected by the 
fire weather indexes. Temporally, a spectral analysis was conducted on the fire and fire 
weather indexes to look for possible periodicities in the data. Strong spatial and temporal 
correspondences were found between the fires and the fine fuel moisture content. Although 
the system was originally developed in Canada based on Canada’s cold weather and its 
temperate and boreal forests, the system appeared to work well for the sub-tropical and 
densely populated Zhejiang province. 
 

Fire Weather Analysis and Forecasting: Grid Points to Ponder 
Francis M. Fujioka, USDA Forest Service 

The USDA Forest Service routinely displays fire weather and fire danger analyses and 
forecasts through the Wildland Fire Assessment System web site.  From the beginning, the 
analysis and forecast fields were mapped by interpolating data from fire weather network 
stations to a grid by inverse distance-squared weighting.  More recently, the same products are 
derived from National Weather Service data in the National Digital Forecast database.  This 
presentation will compare the two mapping methods and discuss the relative advantages and 
disadvantages of each. 
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Statistical Modeling of Fire Risk 
Francis M. Fujioka, USDA Forest Service 

The steep rise in annual fire suppression costs forced the USDA Forest Service to re-engineer 
its Wildland Fire Assessment System, and move towards a fire risk assessment system that 
utilizes emerging weather and fire modeling technologies.  In the new Wildland Fire Decision 
Support System, modeling and analysis tools (FS-PRO and RAVAR) provide the fire 
manager with spatially explicit probability maps of fire spread and the resultant expected 
economic losses, given the probabilities.  Much work remains to be done to fully develop the 
system, but the methodologies also shows promise for pre suppression planning, if ignitions 
can also be modeled.  For the latter, the use of a stochastic spatial/temporal point process 
modeling framework is proposed. 
 

Forest Information Management Challenges in the Northwest Territories 
Kathleen Groenewegen, Government of the Northwest Territories 

The Northwest Territories is composed of vast unfragmented landscapes, close-knit small 
communities, and a bright open future.  However, some characteristics that Northerners 
appreciate, create challenges that may have already been overcome in more developed areas.  
This presentation will briefly describe some of the issues that the Government of the 
Northwest Territories, Forest Management Division, is facing in regards to data management 
and solution development.  Specifically, topics will include a brief overview of challenges 
such as mapping fire perimeters, managing values at risk, tracking fuel caches, and providing 
solutions with limited infrastructure, resources, and personnel. 
 

Operational Fire Danger Rating (FDR) In Indonesia 
Guswanto Abdul Gani, Meteorological and Geophysical Agency 

Orbita Roswintiarti, National Aerospace Agency 
Israr Albar, Ministry of Forestry 

The Indonesia Initiative for FDR system commenced in April 2000 with the development of a 
central FDRS. It’s being designed to support Indonesian central agencies in monitoring fire 
conditions and in developing national level actions to support prevention, monitoring and 
mitigation activities at a provincial level. On the second year of the Initiative will involve 
continued adaptation activities, with a focus on characterizing several fuel types in the 
Southeast portion of Sumatra, which have been determined to generally represent the main 
fuels found throughout the fire prone areas in the region. In late 2001, the central-level FDRS 
will also be adapted and operated electronically and manually in two provinces in Indonesia 
(Riau Province in Sumatra and in West Kalimantan Province). All activities supported by 
CFS, BMG, MoF, BPPT and LAPAN. 
Earlier 2002 (10th February) began handover from FDRS Project to BMG for operated a daily 
Fire Danger Rating System for whole National Region,  based on daily weather observation.  
Operations and application of FDRS outputs in Indonesia will also be important activities in 
year two. For Indonesia, the Meteorology and Geophysical Agency (BMG) is responsible to 
collect record and disseminate daily weather information at national and local levels. For this 
reason, BMG is the preferred agency to operate the FDR system and supported by MoF and 
LAPAN. 
In 2004 BMG produced daily FDR Prediction (3 days) base on France NWP (Synergy 
module). This implementation is collaboration between BMG and Meteo France International 
(MFI). National Aerospace Agency (LAPAN) developed FDR Calculation base on remote 
sensing data in 2005.  R&D of BMG developing FDR Calculation and The Air Pollutant 
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Model (Include smoke from forest fire) base on Numerical Weather Prediction from CSiro 
(Using CCAM Output) in late of 2007. The air pollutant model for smoke trajectory runs by 
using the hotspot information from MoF (Sipongi Output Programs). 

 
Developing a Fire Danger Rating System for the UK 

Karl Kitchen, Met Office 
The UK does not suffer, by international standards, the frequency or ferocity of wildfires 
which many of its European counterparts and other overseas countries are faced with. 
However, when wildfires do occur, they can be devastating and on occasions, cause many 
millions of pounds worth of damage and devastate large areas of valuable land and 
ecosystems. In response to legislation regarding public access to the countryside, the Met 
Office has implemented the Canadian Fire Weather Index for predicting daily fire danger 
across the country on a 10km2 grid. Forecasts are used to determine countryside exclusion 
zones for the public. Numerical Weather Prediction models are used to produce five day-
ahead forecasts which are disseminated freely on the web. 
Whilst the system is only currently used for implementing countryside access legislation, the 
UK is taking tentative steps towards developing prototype fuel models for some of the main 
fuel types of concern. The two fuel models of primary focus are for the shrub fuel heather 
(Calluna Vulgaris) and peat. Progress towards modelling fire behaviour within heather is 
encouraging, though the development of a fuel moisture model for the shrub is proving 
difficult. Good progress has been made on understanding fire behaviour within UK peat 
through a mixture of field based and laboratory experiments. 
 

Errors in Numerical Weather Data and Their Impacts on Fire Danger Rating Systems 
Karl Kitchen, Met Office 

Meteorological data from any source, even manual observations, suffer from a degree of error. 
Often we accept such errors believing them to be within tolerance for the task in hand. Indeed, 
for the widely used ground based manual or semi-automatic weather observations, there 
should be little concern for users of Fire Danger Rating systems. However, with the 
proliferation of weather data from a variety of sources now available electronically or over the 
internet, is enough attention being paid to the quality and inherent errors within the data 
streams? Weather data plays a crucial part in the performance of FDRs; sometimes it can be 
the sole input. 
Numerical Weather Prediction models allow fire danger forecasts to be calculated over large 
tracts of land, without the need for a high density weather station network. It can also be used 
to provide not just an analysis of the current situation, but can provide forecasts for the days 
ahead, through to the end of the century. But how do results from using such numerical data 
compare to those generated from the more traditional ground based weather observations? 
Sometimes the small biases within numerical weather models can compound errors in FDR 
results dramatically and these errors need to be assessed and corrected for. 
Whether using radar data, numerical weather data, ensemble predictions for the season ahead 
or climate predictions for the end of the century, it is crucial to appreciate the errors and 
biases within the associated data. And the errors and biases do not stay static over time. As 
numerical weather models constantly improve, so biases and errors change over time, 
sometimes dramatically quickly. The Met Office is looking at the impact of these errors on 
FDRs and assessing how best to deal with them. 
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Early warning, monitoring and impact of forest fire system for Mexico and Centro 
America 

María Isabel Cruz López,  Gerardo López Saldaña, Rainer Ressl 
National Commission for the Knowledge and Use of Biodiversity 

Each year thousands of hectares of natural vegetation are lost by fires in Mexico. If those fires 
are not intentionally provoked by humans, it is because of agricultural fires that go out of 
control, probably when the surrounding vegetation is in a stressed situation. The mission of 
Conabio (National Commission for the Knowledge and Use of Biodiversity) is not to prevent 
those fires, but to detect them and warn the local authorities, responsible for the fire fighting. 
Since 1999, Conabio has been developing and managing the “Operational program for the 
detection of hot-spots using remote sensing techniques”. This program uses images from the 
MODerate resolution Imaging Spectroradiometer (MODIS) onboard the Terra and Aqua 
satellites and from the Advanced Very High Resolution Radiometer of the National Oceanic 
and Atmospheric Administration (NOAA-AVHRR), which are operationally received through 
the Direct Readout station at Conabio. 
Information about environmental variables before and after fire occurrence is necessary to 
support decision makers, due this, information about vegetation conditions based on NDVI 
anomalies is provided to show areas where fire has more possibilities to spread, in addition a 
fire risk index based in dead litter moisture content is been developing as a pilot project in 
close cooperation with CI (Conservation International), using MODIS and TRMM (Tropical 
Rainforest Measure Mission 1) data, the post-fire analysis is carried out mapping burnt area. 
The presentation will provide an overview on the main components of the system and 
algorithms developed and implemented. 
Contact Author’s Email: icruz@conabio.gob.mx  
 

FDRS for West Africa: The GOFC GOLD/WARN Initiative 
Cheikh Mbow, West Africa Regional Network 

Richard Carr, Canadian Forest Service 
An emerging international concern is the impact of large wildland fires, particularly those 
endangering human lives, property, and natural resources. Problems include fire’s influence 
on and response to the changing global climate, and fire’s effects on regional and local air 
quality. A need therefore exists for continental or global-scale fire monitoring and prediction 
systems, which may complement existing systems and provide one where none exists. 
These needs are addressed in calls to reduce disaster impacts in the 21st century by the UN, 
and in the Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and 
Communities to Disaster (Kobe, January 2005). In response to these calls, a joint proposal 
from eight groups was made at the 3rd Early Warning Conference (Bonn, April 2006), to 
develop a global fire early warning system. A sub-Saharan Africa prototype would be 
presented at the GOFC-GOLD Workshop on Requirements for Early Warning System in 
Africa at the University of Ghana (Accra), in November, 2007. 
The Accra workshop was held in conjunction with, and received input from, the 2nd West 
Africa Regional Network (WARN) Meeting. WARN was created to apply Earth observations 
to regional development and environmental problems. Design criteria, defined at the Accra 
workshop, for the African fire early warning system include identifying decision-support tools 
specific to fire management activities of African countries, and system data requirements. 
Summaries of the African fire environment,  management policy and programs, and outputs 
needed to support management decision-making provide context for the system development. 
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Sample fire danger maps are shown, and recommendations generated from the Accra 
workshop are discussed. 
 

Assessing Fire Danger in Alberta: Networks and Application 
Nick Nimchuck, Alberta Sustainable Resource Development 

As is frequently the case with many other types of human activity, changes in behaviour are 
often triggered by traumatic or catastrophic events. Fire management in Alberta experienced 
such an event in 1981-82 when two extremely active fire seasons claimed millions of hectares 
across the northern boreal forests of the province. At the time the magnitude of these highly 
destructive fire seasons came as a “surprise” to the fire management community in Alberta. 
The lack of a rigorous scientific approach in the assessment of fire danger was demonstrated 
to have contributed to this lack of situational awareness of the fire environment. These 
traumatic seasons subsequently led to the development of a pre-suppression program where 
not only current but predicted fire danger conditions were required on a province-wide basis. 
The Canadian Forest Fire Danger Rating System (CFFDRS) provided the technical tools to 
meet these requirements. 
The application of the CFFDRS in fire management by the province of Alberta has a 
relatively short history of about 25 years. The CFFDRS has become a highly effective tool as 
the strong backbone of an extensive manned fire detection network provided a ready source of 
weather data required by the fire behaviour and danger rating system. This presentation will 
review the development of the fire weather/danger observation network from its manned 
observation roots to the expanding adoption of automatic weather stations as the need for 
frequent and high resolution weather data continues to grow. It will also chronicle the 
application of the Fire Behaviour Prediction (FBP) system as an extension of the CFFDRS 
which introduced fuel types and fire intensity into the fire management toolbox. 
The data generated by the fire weather observation network in Alberta has also found 
operational use by a number of other provincial stakeholders and agencies such as the 
hydrology and flood monitoring service, agriculture, severe weather forecasting and the 
electrical utility industry. 
 

Atmospheric Profile Representation in Fire Danger 
Brian Potter, USDA Forest Service 

Over 50 years of research emphasize the importance of vertical wind, temperature, and 
moisture profiles in determining fire behavior and fire danger.  Structure in the lowest layers 
of the atmosphere can cause significant (30-50%) variations in fire behavior estimates.  
Deeper layers, up to 3000 m or more, can affect extreme behavior.  Yet most fire danger 
rating systems fail to incorporate these influences.  What do we know?  How is this 
knowledge used now?  What are the existing and forthcoming opportunities to improve fire 
danger rating through incorporation and analyses of these factors? 
 

Forestry Observational Network in Ontario 
Mick J. Rice, 

Ontario Ministry of Natural Resources, Aviation and Forest Fire Management Branch 
Mick Rice will describe the forestry observational network in Ontario, along with a brief 
history. The operational side of the fire weather program will also be described, along with 
suggestions for improvement from a meteorological perspective. Mick only joined the fire 
weather program in Ontario earlier this year, after having worked as a meteorologist on the 
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international scene for the past ten years. Mick will be actively seeking fire weather 
forecasting techniques that can be used to improve the program in Ontario. 
 
Toward a Wildfire Smoke Forecasting System in Canada: The Bluesky Western Canada 

Pilot Project 
S. Sakiyama, British Columbia Ministry of Environment 

Smoke from wild fires can have significant air quality impacts over huge areas. This can have 
major implications on transportation, tourism and human health.  The Edmonton Smoke 
Forecasting Workshop (2007) clearly indicated that the public, operational meteorologists, 
transportation operators and the medical community are just a few of the sectors that need to 
know current and forecast smoke-impacted areas along with their corresponding air pollution 
concentrations.  
This paper presents an overview of the progress to date on the development of a Smoke 
Forecasting System (SFS) for British Columbia and Alberta.  Co-ordinated partnerships were 
established between Canadian agencies, the University of British Columbia (UBC) and the 
US Forest Service as the development of such a system requires a wide range of data, tools 
and expertise.  The Pilot is to demonstrate the feasibility of an operational SFS using the US 
Forest Service, “BlueSky RAINs” system. A computer, donated by the US Forest Service and 
loaded with the Bluesky software, is installed at UBC.   High resolution, MM5 model output 
currently operational at UBC provides the forecast meteorology for B.C. and Alberta.  The 
source emissions module involves satellite derived information combined with forest 
inventory data to estimate fuel consumption.   Current efforts involve processing the source 
and meteorological data with the UBC Bluesky system, and producing hourly forecasts of 
smoke plume trajectories and PM2.5 concentrations in a user-friendly, GIS-based graphical 
display.   
 

Data Architecture of the CWFIS 
Rod Suddaby, Canadian Forest Service 

The Canadian Wildland Fire Information System (CWFIS) provides daily monitoring and 
reporting of forest fire conditions in Canada at a national scale. Multi-source and multi-format 
data is collected and analyzed from a variety of partners and collaborators to generate daily 
fire weather and fire behavior conditions, hotspot locations, and national forest fire situation 
reports. 
A comprehensive data architecture and data management framework is fundamental to the 
operation of the CWFIS. Timely, relevant and quality controlled data is required to address 
national issues such as public safety, forest management, and international reporting 
obligations. This requires a data management design and architecture that is able to quickly 
respond to changing priorities and policies as well as adapt to continually changing 
technologies. 
 

Assessment of a Forest-fire Danger Index for Russia Using NOAA Information 
Anatoly I. Sukhinin, and Eugene I. Ponomarev, V.N. Sukachev Forest Institute, Siberian 

Branch Russian Academy of Sciences 
 Douglas J. McRae, Canadian Forest Service, GLFC 

Wildfires in Russia burn an estimated 12–14 million ha per year annually.  To deal with this, 
Russian fire managers require a reliable method for estimating fire danger. However, many of 
the fires occur in remote regions, where a network of weather station does not exist to 
understand the fire danger across the landscape. To overcome this problem, we have been 
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investigating the use of remote sensing to provide weather parameters that can be used to 
produce daily landscape-scaled fire danger maps. 
Necessary inputs for calculating fire danger, such as surface temperature, dew-point 
temperature, and precipitation, can be obtained from NOAA AVHRR and TOVS satellite 
data. The process of creating a fire danger map from remote-sensing data consists of three 
inter-dependent stages: (1) pre-processing of satellite data, (2) algorithm and software 
development to estimate weather parameters remotely, and to calculate the fire danger (e.g., 
Nesterov Index), and (3) final GIS mapping. For stage 2, a precipitation coefficient is obtained 
from TOVS/GIS weather data, and another coefficient for albedo is obtained from NOAA-16 
Channels 1, 2, and 3. NOAA-16 gathers supplementary data giving an opportunity for 
estimation of visible surface moisture, which allows for the computation of a correction factor 
that reflects both the vegetative index (Channels 1 and 2 data) and the quantitative estimation 
of visible surface moisture (Channel 3 data). When radiometric AVHRR data is obscured by 
clouds a solution is to use NOAA/TOVS data. Unlike the infrared channels of AVHRR, the 
microwave range of TOVS data allows for the restoration of air moisture and temperature 
parameters for these overcast regions.  
During our research, close temperature correlation (r = 0.7) was observed between the NOAA 
measurements and data recorded at the on-ground weather stations. As a test, data for the 
period 1996-2000 from 15 on-ground weather stations in the Krasnoyarsk Region were 
obtained. This data confirmed a close correlation between fire danger calculated using remote-
sensing data with the fire danger calculated from on-ground weather data. These results 
support the accuracy of our calculation of the fire danger from remote-sensing data and 
verified its potential use in remote areas of Russia to understand the current fire danger. 
Contact author’s e-mail: boss@ksc.krasn.ru 
 

Stochastic Simulation of Seasonal Forest Fire Danger from Monthly Climate Normals 
S. Taylor, Natural Resources Canada, Canadian Forest Service, Victoria, BC   

J. Régnière, R. St-Amant, Natural Resources Canada, Canadian Forest Service, Ste. Foy, QC 
Forest fire danger systems such as the Canadian Forest Fire Danger Rating System (CFFDRS) 
have been developed to provide fire management agencies with a means to objectively assess 
variation in fire danger from place to place and over time due to changing weather.  The 
CFFDRS includes three fuel moisture models (FFMC, DMC, and DC) that account for the 
wetting and drying of forest fuels based on cumulative daily observations of precipitation, 
daily temperature, relative humidity, and wind speed over the fire season.  While CFFDRS 
components can be projected into the future at any time scale,  they have mainly been used in 
Canada to support daily preparedness and resource allocation decisions based on weather 
observations to-date and/or short term (5 day) forecast values.  However, fire and emergency 
management agencies make many decisions with longer time horizons in the order of weeks, 
months, and years that could be informed by the likely fire danger, but which are beyond the 
time domain of meteorological models.   
Stochastic weather simulation has been used for over 25 years in agro-meteorology and 
hydro-meteorology.  The Canadian Forest Service initially developed the BioSim model to 
project the phenological development of forest insects from an ensemble of short-term 
forecast and medium-term stochastic simulations of daily temperature and precipitation.  In 
this project, we are adapting and extending BioSim to project medium and long-term series 
(weeks to years) of daily FWI  System values from corresponding time-series of  temperature, 
RH, wind speed, and precipitation simulated from a monthly normals.  Global Climate Model 
output can be incorporated and utilized in long-term stochastic simulations by adjusting 
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historic normals with the projected anomalies.  Stochastic simulation of long-term fire danger 
may have applications in operational fire management, strategic planning, and climate change 
research.  
 

Estimating Canopy Water Content from Airborne and Satellite Platforms 
Susan L. Ustin, David Riaño and Marco Trombetti 

University of California Davis 
Better remote sensing tools are needed to improve assessment of wildfire risk, incidence 
response, damage and recovery. Of the vegetation factors that influence fire ignition and 
behavior, Canopy Water Content (CWC) is the most dynamic over short periods of time and 
cannot be adequately monitored using typical field-based sampling methods.  We developed 
and tested a method to monitor CWC using field data, airborne hyperspectral and MODIS 
satellite instruments. Following validation, CWC was calculated for the dominant land cover 
classes at 500m pixel resolution in the continental United States from MODIS 8-day 
composite reflectance images and compiled into monthly time steps for seven years, 2000-
2006, using the inversion of a vegetation canopy radiative transfer model trained on the 
spectral absorption of water in plant canopies (Trombetti et al. 2008) and applied using an 
artificial neural network to optimize the algorithm for the large data set.  Large differences in 
CWC were found between different land cover types and over seasonal and interannual 
periods. The retrieval of fuel moisture content is related to CWC but requires an estimate of 
the dry biomass, a relationship difficult to detect using optical data.   

 
FDR Implementation and Calibration in the Alpine Region of Italy 

Eva Valese, University of Padua, Italy 
In Italy fire suppression and prevention have been managed at regional levels. In the Alpine 
Region landslides and floods are considered the principle risk, and an alpine fire culture is still 
missing, since reconstructions of fire history and fire ecology are almost absent In spite of 
this, regional administrations are providing costly fire fighting services and must also provide 
a safe work environment for fire fighters.  
The creation of an “Alpine Forest Fire Rating System” has been taken into account, also 
involving neighbouring countries. Alpine fires have some characteristics in common. Key 
factors as winter fires and complex terrain make the alpine environment unique. Most of the 
wildfires occur between December and April, when the growing season is over and the fine 
fuels are dry. The incised valleys create pronounced differences in snow cover between 
southern and northern sides, influencing both fire danger rating and fire behaviour prediction. 
Also the geography of the alpine region, crossroads between the Mediterranean, the Atlantic 
and the Eurasian zones, affects landscape structure and forest composition. The continental 
gradient influences especially the local climate and the severity of the fires, that increase from 
the sea to the internal valleys. Finally, ground fires and persisting smouldering rates are 
characteristic of the alpine fires. They are quite frequent and may need several days to be 
extinguished. These kinds of fires can affect the root systems and also be damaging respect to 
the tourism activities  
In the presentation some examples of FDR projects are shown, considering FDR systems at  
different stages of implementation, in particular a launched FDR system (Aosta Valley) and a 
just started FDR system (Veneto).  
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The application of danger rating indices to wildfire occurrence prediction in Spain 
Cristina Vega-García 

Department of Agricultural and Forest Engineering, University of Lleida, Spain 
Marta Yebra, Hector Niet, Inmaculada Aguado 

Department of Geography, University of Alcala, Spain 
A daily fire occurrence prediction system is currently under development, to be used by the 
Ministry of Environment in Spain. The system should predict number of fires, daily, in the 10 
x 10 km2 cells operationally used by the Ministry for prevention and suppression purposes. 
Among many other variables, this ongoing project has evaluated raw meteorological variables 
such as maximum temperature, relative humidity or daily precipitation for ignition potential 
assessment, but also many meteorological danger rating indices commonly used in Spain and 
elsewhere, i.e. FWI, NFDRS-1h or KBDI. In our database (2002-2006), dead fuel moisture 
content is estimated from NFDRS-10h, but live fuel moisture content is empirically derived 
from NOAA-AVHRR weekly composites. 
Homogeneous conditions for fire occurrence are tested previously through a regionalization 
process based on cluster analysis and self-organizing maps. Separate model building is based 
on artificial neural networks.  For instance, preliminary results for Catalonia indicate the 
relevance of daily maximum temperature, elevation and fuel models 4,5,6 for wildfire 
occurrence.  
It is expected that final models, if successful, will be made available daily in Spain by the 
construction of a website specifically designed to provide data, modelling capabilities and risk 
information related to fire prevention. 
 

Forest Fire and Fire Danger Rating in China 
Xueying Di, Zhan Shu, Guang Yang, Northeastern Forestry University, China 

As the largest developing country in the world, forestry plays important social and economical 
roles in China. Although China’s forested area ranks number 5 in the world, the forest 
coverage is only 18.2, ranking the 130th in the globe. Forest fire has always been a serious 
problem; for example, there were 10,230 forest fires in the first four months of 2008, causing 
166 casualties. 
There are three major forest regions in China. The northeastern region consists of 
Heilongjiang and Jilin provinces, plus the eastern part of Inner Mongolia Autonomous 
Region. Climatic and vegetation conditions in this region are similar to those in Canada. The 
southern region includes the provinces south of the Yangzi River, where distribute sub-
tropical and tropical vegetations. The southwestern region is generally with high altitude, 
including Sichuan and Guizhou provinces and the eastern part of Tibet. Most forest fires 
occur in the southern region, and almost all of the fires are human-caused. Large fires usually 
occur in the northeastern region, and they are both human- and lightning-caused. 
In the period 1950-1990s, China imported foreign fire danger rating systems such as the 
synthetically index method from former Soviet Union; the moisture method from Japan, and 
the fire danger ruler from USA. Meanwhile, some fire danger rating systems were developed 
indigenously like the double index method and the 801 fire danger ruler method. The method 
of “regionalization level of national forest fire danger” and “weather level of national forest 
fire danger” were introduced in 1992 and 1994, respectively. Now there are approximately 50 
methods of forest fire danger rating used in the country by fire agencies in different provinces; 
these methods were either developed locally or adapted from other systems to local 
conditions. Generally these methods were not carefully validated or calibrated; therefore, they 
are not reliable to be used by fire management agencies for forecasting purpose. 
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The central government has realized the problem and started to work on a plan to develop a 
national system of forest fire danger rating in 2005. The Canadian Forest Fire Danger Rating 
System is suggested to be adapted as the national standard. To achieve this goal, several 
projects have been launched in the research fields of (1) fuel models for fire danger rating and 
fire behavior; (2) fire behavior and fire suppression, and (3) national fire index system. 
 

Development of a Global Early Warning System for Wildland Fire 
Bill de Groot, Canadian Forest Service, NoFC 

Johann Goldammer, Global Fire Monitoring Center 
Graham Mills, BRMC 

Tim Lynham, Canadian Forest Service, GLFC 
 Ivan Csiszar, Chris Justice, University of Maryland 

 Wildland fires burn several hundred million hectares of vegetation every year, and increased 
fire activity has been reported in many global regions. Many of these fires have had serious 
negative impacts on human safety, health, regional economies, global climate change, and 
ecosystems in non-fire-prone biomes. Worldwide fire suppression expenditures are rapidly 
increasing in an attempt to limit the impact of wildland fires. To mitigate fire-related problems 
and costs, forest and land management agencies, as well as land owners and communities, 
require an early warning system to identify critical periods of extreme fire danger in advance 
of their potential occurrence. Early warning of these conditions allows fire managers to 
implement fire prevention, detection, and pre-suppression plans before fire problems begin. 
Fire danger rating is commonly used to provide early warning of the potential for serious 
wildfires based on daily weather data. Fire danger information is often enhanced with satellite 
data, such as hot spots for early fire detection, and with spectral data on land cover and fuel 
conditions. Normally, these systems provide a 4- to 6-hour early warning of the highest fire 
danger for any particular day that the weather data is supplied. However, by using forecasted 
weather data, as much as 2 weeks of early warning can be provided. This paper presents a 
proposed Global Early Warning System for Wildland Fire to provide advanced early warning 
capabilities at local to global levels. 

 
Operational Fire Danger Rating in Peru 

María Isabel Manta Nolasco, Department of Forest Management, Agrarian National 
University 

Constantino Alarcón Velazco, National Service of Meteorology and Hydrology 
During the last three decades the forest fires and slash and burn have become a main 
environmental problem.. They have caused the loss of human lives (13), the reduction of the 
Amazon forests mainly ( 9 to 12 millions ha), with consequent economic and ecological 
damages leading to the degradation of the soils, desertification of the Peruvian landscape, 
reduction of water resources quality and quantity and the global climatic change. 
In the world several indexes of forest fires use different focuses and structural components to 
predict the risk of the wildfire. However, since the climate determines the succession of dry 
and humid periods and in consequence the accumulation of the biomass (fuel loads) and its 
moisture content, as well as, the agricultural and cattle practices of the rural Peruvian 
population, that it includes the use of the fire routinely. 
To face up this reality it is important to have an index that evaluates the meteorological risk of 
occurrence of forest fires, with the purpose that it supports the preventive and control 
administration of the forest fires in Peru. 
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This presentation includes information about the environment where the forest fires take 
place, the extension, the main causes, and information of the kind of index that it is required 
to implement a early warning system that allows to reduce the occurrence of forest fires. 
 

Long-range Air Quality Modelling: The impact of large fires 
Bryce Nordgren, USDA Forest Service 

Summarizes the current state of the science concerning systems which predict air quality at 
locations distant from large fires.  A completely automatic system is described which gathers 
remote sensing data in near real time from satellite platforms, processes this data into fire 
activity and emissions, injects the emissions into the atmosphere at an appropriate level, then 
transports the emissions using a meteorological model with online photochemistry.  
Uncertainties in the process will be briefly highlighted.  Results from past and present efforts 
to validate one or more components of the system will be presented. 
The system description is performed in general terms, but an implementation of the system 
has been running at the Missoula Fire Science Laboratory since 2005. 
 

Operational Fire Danger Rating System in Spain 
Antonio Mestre, M. Allue, C. Peral, R. Santamaría and M. Lazcano 

State Meteorological Agency (AEMET) 
The Spanish Meteorological Service (AEMET) has been in close cooperation with the 
Regional and National Forestry Services and Civil Protection Authorities since the 90s, giving 
meteorological support for forest fires prevention activities at both regional and national level 
during the Forest Fires Campaign. The duration and other characteristics of these Campaigns 
are defined every year by the State Committee for the Operational Coordination (CECO). This 
Committee is responsible for forest fires matters at national level, integrating the State 
Institutions from different Ministries which have competences on this issue. In this context, 
fire-weather bulletins are currently issued for around 100 zones covering the whole country; it 
contain the predicted values for D+1 of the different meteorological parameters which are 
relevant to characterise fire danger conditions and fire-spreading (2m-temperature, wind, 
relative humidity and probability of thunderstorms). The predicted values of the probability of 
ignition as well as the final risk value class (classified in four categories) using the Spanish 
Forest Fire Index (an adaptation of the NFDRS ignition component) are included. Based on 
these bulletins a daily national fire danger map is produced and sent to the National Civil 
Protection Authorities and National Forestry Services. 
A new meteorological information system, including a web-page specifically devoted to fire-
weather conditions, is now in an advanced stage of development and will sustitute in a near 
future the current system. This system is being developed in the framework of an agreement 
between AEMET and the Spanish National Forestry Service. The Fire Danger maps will be 
included in the page as well as other different graphic products containing basic 
meteorological and climatological information of interest in fire prevention and fire 
suppression activities.  
The new Fire danger rating System is based on the automatic production of gridded analysis 
and short-term predictions of FWI; the analysis are produced through the use of the data from 
the Automatic Weather Station Network of AEMET. A bilinear interpolation scheme is 
employed to produce gridded values of the different meteorological variables that integrate 
the FWI. Short-term gridded forecasts of FWI are produced from the numerical outputs of the 
high resolution numerical weather model HIRLAM which is in operation at AEMET. Both 
FWI analysed and predicted gridded values are transformed into FWI mean areal values for a 
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set of predefined zones covering the whole country. The FWI has been calibrated making use 
of daily data of forest fires occurrence and total burned area for each zone, to obtain the 
threshold values for a total of five danger classes. This makes possible to issue, as a routine, 
maps of observed and predicted FWI-based wildfire risk classes for the predefined zones. 
 

Assessment of a Forest-fire Danger Index for Russia Using NOAA Information 
Douglas J. McRae, Natural Resources Canada, Canadian Forest Service 

Anatoly I. Sukhinin and Eugene I. Ponomarev, 
V.N. Sukachev Forest Institute, Siberian Branch Russian Academy of Sciences 

Wildfires in Russia burn an estimated 12–14 million ha per year annually.  To deal with this, 
Russian fire managers require a reliable method for estimating fire danger. However, many of 
the fires occur in remote regions, where a network of weather station does not exist to 
understand the fire danger across the landscape. To overcome this problem, we have been 
investigating the use of remote sensing to provide weather parameters that can be used to 
produce daily landscape-scaled fire danger maps. 
Necessary inputs for calculating fire danger, such as surface temperature, dew-point 
temperature, and precipitation, can be obtained from NOAA AVHRR and TOVS satellite 
data. The process of creating a fire danger map from remote-sensing data consists of three 
inter-dependent stages: (1) pre-processing of satellite data, (2) algorithm and software 
development to estimate weather parameters remotely, and to calculate the fire danger (e.g., 
Nesterov Index), and (3) final GIS mapping. For stage 2, a precipitation coefficient is obtained 
from TOVS/GIS weather data, and another coefficient for albedo is obtained from NOAA-16 
Channels 1, 2, and 3. NOAA-16 gathers supplementary data giving an opportunity for 
estimation of visible surface moisture, which allows for the computation of a correction factor 
that reflects both the vegetative index (Channels 1 and 2 data) and the quantitative estimation 
of visible surface moisture (Channel 3 data). When radiometric AVHRR data is obscured by 
clouds a solution is to use NOAA/TOVS data. Unlike the infrared channels of AVHRR, the 
microwave range of TOVS data allows for the restoration of air moisture and temperature 
parameters for these overcast regions.  
During our research, close temperature correlation (r = 0.7) was observed between the NOAA 
measurements and data recorded at the on-ground weather stations. As a test, data for the 
period 1996-2000 from 15 on-ground weather stations in the Krasnoyarsk Region were 
obtained. This data confirmed a close correlation between fire danger calculated using remote-
sensing data with the fire danger calculated from on-ground weather data. These results 
support the accuracy of our calculation of the fire danger from remote-sensing data and 
verified its potential use in remote areas of Russia to understand the current fire danger. 
Contact author’s e-mail: boss@ksc.krasn.ru  

 
Update on ARCTAS 

Amber Soja, National Institute of Aerospace, USA 
Mike Fromm, Naval Research Laboratory 

Brian Stocks, Canadian Forest Service, Sault Ste. Marie 
Rene Servranckx, Canadian Meteorological Center 

Arctic Research of the Composition of the Troposphere from Aircraft and Satellites 
(ARCTAS) is an international, interdisciplinary field campaign that builds on a rich history of 
NASA tropospheric chemistry experiments (http://www- 
air.larc.nasa.gov/missions/arctas/arctas.html).  ARCTAS is part of the International Polar 



Workshop on Advances in Operational Weather Systems for Fire Danger Rating                  32 

 

Year (IPY) POLARCAT arctic field program for atmospheric composition 
(http://zardoz.nilu.no/~andreas/POLARCAT/ ), which involves a consortium of countries 
(United States, Canada, Germany, France, Norway, Russia…) and agencies (including NSF, 
NOAA, and DOE for the United States), and an ensemble of aircraft, surface, and ship based 
measurement platforms. ARCTAS is a leading partner of POLARCAT through its 
deployment of a high altitude, long range aircraft and complementary specialized aircraft, its 
link to satellite observations, and its engagement of models in mission design and execution.  
The four major ARCTAS scientific themes are: 1) long range transport of pollution to the 
Arctic including arctic haze, tropospheric ozone, and persistent pollutants such as mercury; 2) 
boreal forest fires and their implications for atmospheric composition and climate; 3) aerosol 
radiative forcing from arctic haze, boreal fires, surface deposited black carbon, and other 
perturbations; and 4) chemical processes with focus on ozone, aerosols, mercury, and 
halogens.  Boreal fires are an integral component to several of the major themes of ARCTAS. 
During the Cold Lake portion of the field campaign, there was a focus on sampling smoke 
plumes from fires, and we provided daily fire potential briefs and continually updated models 
and scientists with fire and cloud locations and local weather data throughout the day.  The 
campaign was replete with success but there are three prominent successes.  Mike and Rene 
identified a pyrocb early in the field campaign that instilled excitement, and then the 
following day, they were able to use satellite data to lead the DC-8 through the plume.  
Second, there were continual near-base fires burning in Saskatchewan that led to sampling of 
smoke plumes from several types of fires, including at least one pyrocu.  Additionally, smoke 
plumes from Siberia were tracked using an ensemble of models and satellite data, which 
resulted in aged smoke plume sampling from the P-3 off the west coast of British Columbia 
and in route to Greenland by the DC-8.  It is likely this field campaign produced the most 
complete set of fire emissions collected to date.  
 

Operational FDR in Croatia 
Marko Vučetić and Višnja Vučetić 

Meteorological and Hydrological Service, Zagreb, Croatia 
Croatia is a Central-European and Mediterranean country with three climatic types: moderate 
continental climate in the northern and eastern part of Croatia (Pannonian flatland), 
mountainous climate in the central part of Croatia and Mediterranean climate at the Adriatic 
coast and islands. Croatia is a medium-forested country with more than 5000 wild plant 
species of which 326 are endemic. The Pannonian flatland is the main cereal-production 
region, the mountain region is characterized by leaf forests and common spruce forests, while 
at the Adriatic coast and islands predominantly forests are pine trees and Mediterranean 
macchie. Difficulties in water supply and water management in summer months are caused by 
coastal temperature and precipitation regime and the Karst porous base. As tourism plays an 
important role in the region, population of the area during summer months increases several 
times. Thus, Adriatic coast with islands is the most vulnerable region to wild fires in the 
whole Croatia, due to joint effects of previously mentioned high temperatures, summer 
droughts, easy flammable vegetation and increased population. Wildfires inflict serious 
damage to the agricultural sites and forestland and often endanger settlements and human 
lives in warm season. 
Since 1981 the forest fire protection has been run at the coastal region using the Canadian 
Forest Fire Weather Index System (CFFWIS) by Meteorological and Hydrological Service in 
the frame of the Governmental Programme of Open-air Fires Prevention. Canadian method is 
applied for the fire weather indices once a day, from June to September. Indices for the 
current date are based on real-time meteorological data, while predicted indices for the next 
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day are based on the products of the ALADIN/HR limited area numerical weather prediction 
model.  
Both, actual and predicted fire weather indices are sent automatically to the Fire Department 
of the National Protection and Rescue Directorate, each day during the fire prevention season. 
Actual fire weather indices are public available on the web site of the Meteorological and 
Hydrological Service. 
 

Operational FDR in Malaysia and Association of Southeast Asia Nations 
Ahmad Zaki Mohamad Saad, Malaysian Meteorological Department 

In 1997/98 El-Nino event, extensive forest fire in Kalimantan and Sumatera had caused 
widespread haze over Southeast Asia region.  This has significantly affected the tourism 
industries, the health of the people, transportation, sport and educational activities.  
In respond to this environmental disaster, the Southeast Asia Environmental Ministers 
initiated Regional Haze Action Plan.  As part of the plan, a monitoring and warning system 
for forest / vegetation fires need to be developed and implemented.  Adopted from Canadian 
Forest Fire Danger Rating System (CFFDRS), the Southeast Asia Fire Danger Rating System 
(SEA FDRS) and Malaysian Fire Danger Rating System (MFDRS) were subsequently 
developed and implemented. 
Initially the SEA FDRS was generated daily by the Canadian Forest Service (CFS).  However, 
this responsibility was handed over to Malaysian Meteorological Department (MMD) in 
September 2003.  Since then MMD has been producing SEA FDRS product on a daily basis. 
At present MFDRS is running operationally in MMD and the output of this system is being 
displayed on MMD website since February 2003.  The product of FRDS is being used as a 
guide to policy maker in developing action to protect life, property and the environment. 
 

Fire Danger Rating in the European Forest Fire Information System (EFFIS) 
of the European Commission 

Andrea Camia, European Commission, Joint Research Centre 
The European Forest Fire Information System (EFFIS) has been established in 2000 by the 
Joint Research Centre (JRC) and the Directorate General for Environment (DG ENV) of the 
European Commission (EC) to support the services in charge of the protection of forests 
against fires in the EU and neighbor countries. The core of EFFIS consists of a scientific and 
technical infrastructure at the JRC doing research on forest fires and operating a web based 
platform (http://effis.jrc.it). In addition EFFIS is supported by a network of Experts on Forest 
Fires from 22 EU countries that meet regularly with the EC services.  
Fire danger rating has been introduced in EFFIS to provide the states’ fire agencies with a 
common, EU wide harmonized assessment of fire danger, of crucial importance especially in 
case of mutual assistance among countries. In this context, the Fire Weather Index (FWI) 
developed by the Canadian Forest Service was adopted in 2007 as the method to assess the 
fire danger level in a harmonized way throughout Europe. The original FWI formulas have 
been slightly changed to better suit the remarkable differences in day length in EU when 
going from the Mediterranean to the Boreal countries. The fire danger module of EFFIS 
currently generates daily maps of 1 to 6 days projected fire danger level in EU using weather 
forecast data. Fire danger is mapped in 5 classes with a spatial resolution of about 45 km (MF 
data) and 36 km (DWD data). The fire danger classes are the same for all countries and maps 
show a harmonized picture of the spatial distribution of fire danger level throughout EU. 
Calibration studies are on going based on the analysis of recent larger fires and also on the 
relative frequency of FWI values in the different areas. In addition to standardized fire danger 
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classes, EFFIS offers maps of FWI anomalies and absolute ranking, which are based on the 
comparison of the daily fire danger level with the last 50 years of daily FWI values that have 
been recalculated using the ECMWF ERA40 dataset. 
 


