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PART 1: PREVIOUS RESEARCH TRACK RECORD (Max 2x A4)  
PROJECT INVESTIGATORS, RECOGNISED RESEARCHER, AND PARTNERS   
 
PROF. MARTIN WOOSTER is Professor of Earth Observation Science at KCL. He has a particular 
interest in the techniques and applications of thermal remote sensing, and in biomass burning and its 
effects on the land/atmosphere. He coordinated a 2yr NERC New Observing Techniques project 
developing the technique of Fire Radiative Energy (FRE) and its use to estimate biomass combustion 
rates and totals, and is working to apply this method operationally with EUMETSAT and the UK Met 
Office under the NERC Knowledge Transfer programme. Professor Wooster has secured grant income in 
excess of £1,000,000 and has undertaken research on fires in Africa, Russia, Asia and the USA, and is 
currently working on ECOFIRE, a study providing ESA with an assessment of methods for analyzing 
global fire activity.  He is author of more than 40 peer-reviewed journal publications and is a PI on the 
current NERC National Centre for Earth Observation ‘Carbon’ theme submission. 
Selected References:  
Roberts, G., WOOSTER, M.J., Perry, G.L.W., Drake, N., et al (2005) Retrieval of biomass combustion 

rates and totals from fire radiative power observations:  Application to southern Africa using 
geostationary SEVIRI Imagery, J. Geophys Res, 110, D21111, doi: 10.1029/2005JD006018  

WOOSTER, M.J., Roberts, G., et al (2005) Retrieval of biomass combustion rates and totals from fire 
radiative power observations: Calibration relationships between biomass consumption and fire radiative 
energy release, J. Geophys Res, 110, D21111, doi: 10.1029/2005JD006318  

Smith, A.M.S. and WOOSTER, M.J. (2005) Remote classification of head and backfire types from 
MODIS fire radiative power observations, Int J. of Wildland Fire, 14, 249-254. 

  
DR PHILIP LEWIS is a Reader in Remote Sensing at UCL and Co-I of the NERC Centre for Terrestrial 
carbon Dynamics (CTCD). He was a member of the NERC PRC (2003-06), is a member of the steering 
committee of the NERC Data Assimilation Research Centre (DARC), and of the steering committee of 
the NERC Airborne Remote Sensing Facility. He is an Associate Team Member of NASA EOS MODIS 
Land Group. His research interests stem from developing and using models of radiation interactions with 
vegetation canopies. Developments arising include the NASA MODIS BRDF/Albedo and NASA 
MODIS Burned Area products with colleagues in the UK & USA and recent CTCD work assimilating 
EO data into ecological models He has 30+ journal articles, and over £1M in grant and contract income. 
Selected References:  
D.P. Roy, Y. Jin, P. LEWIS and C.O. Justice (2005) Prototyping a global algorithm for systematic fire-

affected area mapping using MODIS time series data, Remote Sens Environ  97(2), 137-162  
L. Rebelo, P. LEWIS & D. Roy, (2004) A temporal-BRDF model-based approach to change detection, 

IGARSS '04, Alaska USA, 3, 2103 – 2106. 
Schaaf, C. B., A. H. Strahler, F. Gao, W. Lucht, X. Li, X. Zhang, Y. Jin, E. Tsvetsinskaya, J.-P. Muller, 

P. LEWIS, M. Barnsley, G. Roberts, C. Doll, S. Liang, and J. L. Privette, (2002) MODIS Operational 
Bidirectional Reflectance and Albedo Products, Remote Sens Environ, 83, 135-148.  

T. Quaife, P. LEWIS, M. de Kauwe, M. Williams, et al (in press), Assimilating Canopy Reflectance data 
into an Ecosystem Model with an Ensemble Kalman Filter, Remote Sens Environ. 

 
PROF. HEIKO BALZTER is Professor of Physical Geography at the University of Leicester, a member 
of the Senior Management Committee of the NERC Climate and Land Surface Systems Interaction 
Centre (CLASSIC), and an elected member of the IGBP UK National Committee (amongst many other 
committee memberships). His research interests include biosphere/climate interactions and their response 
to environmental change. He is Co-I inter alia on the EU projects SIBERIA-2 and CARBOAFRICA, and 
a NERC grant of Forest Fire Intensity Dynamics. Since 1998 Prof. Balzter has won ~£1,000,000 in grants 
and contracts and has published over 18 journal papers, 6 book chaps, 2 books and 33 reports.  
Selected References:  
Jupp, T.E., Taylor, C.M., BALZTER, H., George, C.T. (2006):  A statistical model linking Siberian forest 

fire scars with localized rainfall anomalies, Geophys. Res. Letters 33, doi: 10.1029/2006GL026679  
BALZTER, H., Gerard, F.F., George, C.T., Rowland, C.S., Jupp, T.E., McCallum, I., Shvidenko, A., 

Nilsson, S., Sukhinin, A., Onuchin, A. and Schmullius, C. (2005): Impact of the Arctic Oscillation 
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pattern on interannual forest fire variability in Central Siberia, Geophys. Res. Letters 32, 
doi:10.1029/2005GL022526  

BALZTER, H., Luckman, A., Skinner, L., Rowland, C. and Dawson, T., in press, Observations of forest 
stand top height and mean height from interferometric SAR and LIDAR over a conifer plantation at 
Thetford Forest, UK, International Journal of Remote Sensing  

 
Dr ALLAN SPESSA is a senior research fellow in the Walker Institute, NCAS-Climate, Reading 
University, UK (www.walker-institute.ac.uk).  Since September 2006, Dr Spessa is the project manager 
for the QUEST Earth System Model (www.quest-esm.ac.uk), which is at the frontier of coupled Earth 
system modelling in terms of complexity and realism.  Dr Spessa is also the JULES theme leader on fire, 
a co-author of the SPITFIRE fire model, and is responsible for managing the implementation of fire into 
JULES.  His research focuses on analysing climate-fire-vegetation-emissions interactions at regional to 
global scales using a combination of simulation models, statistical techniques, EO data and GIS.   
Selected References:  
Spessa A, Thonicke K, Prentice IC (in prep). LPJ-SPITFIRE– A coupled fire-vegetation model for 

simulating fire activity, fire-induced vegetation mortality, and emissions from biomass burning: model 
description, validation and regional applications. 

Spessa A, Heil A, Langner A, Weber U, Siegert F. (In prep.)  Fire in SE Asia: Patterns, drivers and 
emissions, with special reference to peat forests. Ecosystems. Global Carbon Special Issue on 
Vulnerability of Carbon Pools in Tropical Peatlands. 

Thonicke K, Spessa A, Prentice IC, Harrison S, and Carmona-Moreno C (Submitted).  The influence of 
vegetation, fire spread and fire behaviour on global biomass burning and trace gas emissions. Global 
Change Biology. 

Schultz M, Hoelzmann J, Heil A, Spessa A, Thonicke K, Goldammer J, Held A, & Perriera J (Accepted) 
Global Emissions from Wildland Fires from 1960 to 2000. Global Biogeochemical Cycles. 

Schultz M, Hoelzmann J, Heil A, Spessa A, Thonicke K, Goldammer J, Held A, & Perriera J (Accepted).  
Global Emissions from Wildland Fires from 1960 to 2000. Global Emissions from Wildland Fires from 
1960 to 2000.  Supporting Online Material. Global Biogeochemical Cycles. 

Spessa A, McBeth B, Prentice IC (2005). Relationships among fire frequency, rainfall and vegetation 
patterns in the wet-dry tropics of northern Australia: an analysis based on NOAA-AVHRR data. Global 
Ecology & Biogeography. 14: 439-454. 

Spessa A, McBeth B., Thonicke K & Prentice I.C. (2003). Modelling the relationship between fire 
frequency, rainfall and vegetation in the Kimberleys region Australia, using a fire model coupled to a 
DGVM. In Goldammer J & Viegas D (Eds), Proceedings of the 3rd International Wildland Fire 
Conference, 4-6 Oct. 2003, Sydney. 

Spessa A, Harrison S, Prentice IC, Cramer W and Mahowald N (2003). Confronting a Burning Question: 
The Role of Fire on Earth. IGBP-GAIM Wokshop report. EOS Newsletter Jan 2003. 

 
PROF. KEITH HAINES leads the Marine Informatics group at the Environmental Systems Science 
Centre (ESSC), which works on remote sensing and data assimilation, ocean circulation modelling and 
hydrographic data analysis. He works closely with collaborators at both the Met Office (where he is on 
the Executive board of the NCOF) and ECMWF. His work on ocean assimilation is used in several 
operational centers around the world, including for seasonal forecasting at ECMWF. Prof. Haines is co-
Director of the Reading e-Science Centre taking an interest in NCEO Informatics eg. NCEO exploitation 
of Google Geobrowsers and of Grid computing for EO. 
Selected References: 
Haines, K. and C. P. Old (2005). Diagnosing natural variability of the North Atlantic water masses in 

HadCM3. J. Climate. 18, 1925-1941. 
Haines, K. and J. Blower, J-P. Drecourt, C. Liu, A. Vidard, I. Astin and X. Zhou. (2006) Salinity 

assimilation using S(T): Covariance relationships. Mon. Weath. Rev. 134, 759-771. 
Bingham R. and K. Haines, Mean Dynamic Topography: Inter-comparisons and errors. Phil. Trans. Roy. 

Soc. London. 364, 903-916. doi:10.1098/rsta.2006.1745 
Davey, M, Haines K et al Multi-model multi-method multi-decadal ocean analyses from the ENACT 

project. (2006) CLIVAR Exchanges 11(3), 22-25. 



Fire Modelling & Forecasting System (FireMAFS) 

 3

 
PROF. GLEN McGREGOR is a graduate of the University of Auckland (BSc and MSc - 1st Class) and 
the University of Canterbury (PhD) in New Zealand. He is Professor in Physical Geography and is 
Director of King’s Centre for Environmental Assessment, Management and Policy. He is Chief Editor of 
the Royal Meteorological Society’s International Journal of Climatology, the WMO Lead Expert on 
Climate and Health, an Executive Board member of the International Society of Biometeorology, a 
Review Editor for Climate Research and a member of the NERC Peer Review College. He is also a 
contributing author to the Working Group II chapter “Climate Change Impacts on Health” for the 4th 
IPCC Climate Change Assessment Report. 
Selected References: 
McGREGOR, GR Cox ML, Zhiang J, Huang Y, Davey M, Graham R, Brookshaw A (2006) Winter 

season climate prediction for the UK health sector. J Applied Meteorology and Climatology (in press) 
McGREGOR GR 2006. The nature and scope of climatology. International Journal of Climatology, 26, 

1-6 
Kingston DG, McGREGOR GR, Hannah DM, Lawler DM. 2006. Climate controls on New England 

streamflow. Journal of Hydrometeorology (in press) 
 Kingston DG, McGREGOR GR, Hannah DM, Lawler DM. 2006. River flow teleconnections across the 

northern North Atlantic region. Geophysical Research Letters, 33, L14705, 
doi:10.1029/2006GL026574. 

 
PROF. JULIA SLINGO is the Director of Climate Research in NERC's National Centre for 
Atmospheric Science, and she holds this post within the Department of Meteorology, The University of 
Reading, where she is Professor of Meteorology. Julia is also the Founding Director of the Walker 
Institute for Climate System Research (www.walker-institute.ac.uk), which opened in 2006.  Julia has had 
a long-term career in climate modelling and research, working at the Met Office, the European Centre for 
Medium Range Forecasting (ECMWF) and the National Center for Atmospheric Research (NCAR) in 
Boulder, USA.   Prof Slingo's personal research addresses problems in tropical climate variability, its 
influence on the global climate, its role in seasonal to interannual prediction and its response to climate 
change. Increasingly her research considers the multi-disciplinary aspects of the impacts of climate 
variability and change. Prof Slingo is currently a member of several national and international 
committees, including the Met Office and ECMWF Scientific Advisory Committees, and has recently 
been appointed to the Joint Scientific Committee of the World Climate Research Programme.  Prof 
Slingo, as the leader of the NCAS-Climate group, is a member of the ENSEMBLES consortium 
(www.ensembles-eu.metoffice.com/participants.html), and has participated in the DEMETER project 
(www.ecmwf.int/research/demeter/general/index.html ). 
Selected References: 
Osborne, T. M., D. M. Lawrence, A. J. Challinor, J. M. Slingo and T. R. Wheeler, 2006: Development 

and assessment of a coupled crop-climate model. Global Change Biology, 13, 169-183. 
Turner, A. G., P. M. Inness and J. M. Slingo, 2005:  The Role of the Basic State in Monsoon Prediction.  

Q. J. R. Meteorol. Soc., 131, 781-804 
Inness, P.M. and J.M. Slingo 2003: Simulation of the Madden-Julian Oscillation in a coupled general 

circulation model. Part I: Comparison with observations and an atmosphere-only GCM. J. Climate 16: 
345-364  

Inness P. M., J. M. Slingo, E. Guilyardi and J. Cole 2003: Simulation of the MJO in a coupled GCM. II: 
The role of the basic state. J. Climate, 16, 365-382. 

 
PROF. SANDY HARRISON is Professor of Climate Dynamics in the School of Geographical Sciences, 
and member of BRIDGE (Bristol Research Initiative for the Dynamics of the Global Environment). Her 
current research focuses on the interactions between climate and vegetation, specifically impacts of 
climate change on vegetation and the physical and biogeochemical feedbacks from changing vegetation 
to climate (including fire, and aerosol emissions). She has more than 25 years research experience, most 
of which has focused on the use of models and observations in combination to explain past and present 
climate and environmental changes. Prof Harrison leads the new IGBP cross-project initiative on FIRE, 
which will coordinate research on the observation and modelling of fire from landscape to global scales at 
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an international level and will promote intercomparison of landscape- and global-scale fire models. She is 
a member of the Terrestrial Observation Panel for Climate of the Global Climate Observing System and 
Global Terrestrial Observing System, and on the Scientific Steering Committees of the IGBP Integrated 
Land Ecosystems and Atmospheric Processes project (iLEAPS) and the Palaeoclimate Modelling 
Intercomparison Project. She is co-cordinator (with John Dodson, ANSTO) of the ARC-NZ Network for 
Vegetation Function Working Group on Fire, Vegetation and Climate Change in Australia (QUAVIDA). 
This working group is developing a vegetation-fire modelling scheme for fire-adapted ecosystems, and 
will use this to examine the consequences of changing fire regimes during the past 70,000 years on the 
development of modern vegetation patterns first for Australasia and subsequently globally. She currently 
hosts a Marie Curie Research Fellow, and has supervised 8 pre- and >30 post-doctoral scientists.  She has 
authored over 60 peer-reviewed papers. 
Selected References: 
Harrison, S.P., 2007. The role of ocean and vegetation feedbacks in the mid-Holocene: how realistic are 

the models ? In: Climate Variability and Change: Past, Present, and Future - John E. Kutzbach 
Symposium (Kutzbach, G., Ed.), Center for Climatic Research, University of  Wisconsin-Madison, pp. 
167-187.  

Harrison SP & Prentice IC, 2003: Climate and CO2 controls on global vegetation distribution at the last 
glacial maximum: analysis based on palaeovegetation data, biome modelling and palaeoclimate 
simulations Glob. Change Biol 9: 983-1004.  

Kaplan JO, Bigelow NH, Bartlein PJ, Christensen TR, Cramer W, Harrison SP, Matveyeva NV, 
McGuire AD, Murray DF, and 10 other authors, 2003: Climate change and Arctic ecosystems II: 
Modeling, palaeodata-model comparisons, and future projections. Journal of Geophysical Research-
Atmosphere 108, No. D19, 8171.  

Lavorel, S., Díaz, S., , Cornelissen, H., Garnier, E., Harrison, S.P., McIntyre, S., Pausas, J.,  Pérez-
Harguindeguy, N and Urcely, C., 2007. Plant functional types : are we getting any closer to the Holy 
Grail ? In:  Canadell, J., Pitelka, L.F. and Pataki, D. (Eds) Terrestrial Ecosystems in a Changing 
World. Springer-Verlag, pp. 149-164.  

Ni J, Harrison SP, Prentice, IC, Kutzbach JE & Sitch S, 2005. Impact of climate variability on present 
and Holocene vegetation: a model-based study. Ecological Modelling 191: 469-486.  

Power, M.J., Ortiz, N., Marlon, J., Bartlein, P.J., Harrison, S.P., Mayle, F. and 60 other authors, subm., 
Changes in fire activity since the LGM: an assessment based on a global synthesis and analysis of 
charcoal data. Climate Dynamics  

Prentice, I.C., Bondeau, A., Cramer, W., Harrison, S.P., Hickler, T., Lucht, W., Sitch, S., Smith, B. and 
Sykes, M.T., 2007. Dynamic vegetation modelling: quantifying terrestrial ecosystem responses to 
large-scale environmental change. In:  Canadell, J., Pitelka, L.F. and Pataki, D. (Eds) Terrestrial 
Ecosystems in a Changing World. Springer-Verlag, pp. 175-192.  

Thonicke, K., Spessa, A., Prentice, I.C., Harrison, S.P., and Carmona-Moreno, C, subm., The influence 
of vegetation, fire spread and fire behaviour on global biomass burning and trace gas emissions. 
Global Change Biology  

 
Dr Eleanor Blyth is a senior scientist at the Centre for Ecology & Hydrology (Wallingford).  Dr Blyth 
has 15 years experience of land surface modeling. As well as modelling studies of the arctic and the 
Sahel, Dr Blyth has expanded the range of processes included in the JULES (Joint UK Land Environment 
Simulator) to include heterogeneity, runoff generation and dual-source energy balances. She is the 
Science Coordinator for JULES and has responsibility for facilitating the inclusion of research across the 
UK into this community model.  
Selected References: 
Blyth EM, Harding RJ, Essery R , 1999. A coupled dual source GCM SVAT. Hydrol Earth Sys Sci 3 (1): 

71-84 
Blyth, E.M., Evans, J.G., Finch, J, Bantges, R. and Harding, R.J., 2006. Spatial variability of the English 

agricultural landscape and its effect on evaporation. Ag. For. Met., 138, 19-28. 
Smith, R.N.B., Blyth, E.M., Finch, J., Goodchild, S., Hall, R.J. and Madry, S., 2006. Soil state and 

surface hydrology diagnosis based on MOSES in the Met Office Nimrod nowcasting system. 
Meteorol. Appl. 13, 89-109. 
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PART 2 RESEARCH: DESCRIPTION: Fire Modelling & Forecasting System (FireMAFS)  
 

1. Rationale: Fire is the most important disturbance agent worldwide in terms of area and variety of 
biomes affected, a major mechanism by which carbon is transferred from the land to the atmosphere, and 
a globally significant source of aerosols and many trace gas species. Forecasting of fire risk is undertaken 
in many fire-prone environments to aid dry season pre-planning, and appropriate consideration of fire is 
also required within dynamic vegetation models that aim to examine vegetation-climate interactions in 
the past, present and future. Current methods of mapping fire risk use empirical fire danger indexes 
calibrated against past weather conditions and fire events. As such, they provide little information on 
process, are appropriate to deal only with current climate, land use and land cover change (LULCC), and 
are limited in their ability to be tested and constrained by EO products or other observational data (e.g. 
ignition ‘hotspots’, burned area, pyrogenic C release etc). The objective of FireMAFS is to resolve these 
limitations by developing a robust method to forecast fire activity (fire ’danger’ indices, ignition 
probabilities, burnt area, fire intensity etc) via a process-based model of fire-vegetation interactions, 
tested, improved, and constrained using state-of-the-art EO data products and driven by seasonal weather 
forecasts issued with many months lead-time.  Specific aims are to: (i) develop the methodology for using 
EO and other observational data on vegetation (fuel) condition, fire activity and fire effects to test, 
improve and constrain sub-components and end-to-end predictions of a forward model of fire-vegetation 
interactions and to inform, test and restrict the model when used in forecast mode to ensure it is nudged 
along the optimum trajectory, and is furthermore reset when the observation period catches up with the 
prior period of prediction; (ii) forecast a range of available fire danger indexes/ ratings, some of which 
form the basis of available fire-vegetation models for predicting the meteorological potential for fire to 
occur by seasonal weather forecast ensembles, and (iii) drive the improved forward model of fire-
vegetation interactions by seasonal weather forecast ensembles, predicting spatio-temporal variability in 
fire activity (fire occurrence taking into account biomass load and fuel moisture, and a range of 
subsequent fire behaviour and fire effects (intensity, rate of spread, burned area, above/below ground C 
stock change, and trace gas/aerosol emissions) and evaluate their usefulness for seasonal fire prediction at 
1–6 months lead time and for prognostic studies run under future climate/LULCC scenarios. 
 
 

2a. Background - Scientific and technological issues to be addressed 
 

i) The role of Fire in the Earth System 
Wildfires operate on all continents apart from Antarctica, globally consuming on average perhaps 5% of 
net annual terrestrial primary production, and are estimated to emit an amount of carbon equivalent to 
greater than a half to two thirds of fossil fuel carbon emissions (Randerson et al. 2005; Arora and Boer 
2006; Denman et al. 2007).  Savannas are, on average, the single largest area burned and greatest 
emissions source (van der Werf et al. 2006), with Mediterranean–type areas (Moreno 1998), tropical 
forests (Page et al. 2002; Cochran 2003) and boreal forests (Balzter et al. 2005), where fuel loads can be 
much greater than in grasslands, also highly significant.  Millions of square km of landscape are subject 
to fire each year, with burning characterized by a characteristic diurnal cycle, generally strong 
seasonality, and potentially very large interannual variability at the regional scale (Giglio et al. 2006).  
Fire disturbance has a major impact on vegetation dynamics by initiating succession, selecting fire-
adapted plants in fire-dominated ecosystems and influencing vegetation productivity, and thus litter and 
fuel load (Whelan 1995; Goldammer and Furyaev 1996; Pyne et al. 1996; Cochrane 2003; Bergeron et al. 
2004). Burning conditions are driven by climate and vegetation state. Fire effects include post-fire 
mortality of plants and depend on the regeneration mode of the vegetation and fuel composition; these in 
turn define the burning conditions for the next fire event. Fuel load in ecosystems of highly variable 
productivity can demonstrably limit or promote fire spread (Mermoz et al. 2005; Randerson et al. 2005; 
Stephens and Moghaddas 2005), whereas temperature is the main limiting factor in fire season duration in 
boreal and temperate ecosystems (where fuel availability is generally high) (Schimmel and Granström, 
1997; Flannigan et al. 2005). The interannual variability in area burned and/or fuel consumed/emissions 
released in parts of the boreal and tropical regions can be as large as a factor of ~ two orders of magnitude 
(French et al. 2002; Girardin et al. 2004; Sukhinin et al. 2004; Flannigan et al. 2005; Randerson et al. 



Fire Modelling & Forecasting System (FireMAFS) 

 6

2005; Kasischke et al. 2005), driven largely by climate-related variations in fuel loads, fire susceptibility 
(e.g. fuel moisture), fire severity and fire duration.  
 

Fire is a key component of the carbon cycle.  Globally, depending on the methods and years considered 
(Seiler and Crutzen; 1980; Andreae and Merlet 2001; Ito and Penner 2004; van der Werf et al. 2003, 
2004), annual pyrogenic C emissions in the last decade are believed to have peaked in the ENSO year of 
1998 (3.2 Pg C per year), with a minimum in 2000 (2.0 Pg C per year) (van der Werf et al. 2006). Some 
suggest fire to be the largest source of inter-annual variability in land-atmosphere C fluxes, with an 
estimated interannual variability of ~ 1 PgC (1997 to 2004) (Patra et al. 2005).  However, many contend 
that there are additional uncertainties on these amounts that are of similar magnitude to the interpreted 
variability, due for example to uncertainties in the estimates of global area burnt, fuel load and burning 
conditions under specific fire regimes (French et al. 2004).  In addition to carbon release, fire is also a 
modification agent for small- and large-scale land surface properties (vegetation cover, soil erodability, 
albedo etc), and a globally significant source of atmospheric trace gases and aerosols.  Biomass burning 
contributes up to 50% of global CO and NOx emissions in the troposphere (Galanter et al., 2000), and 
may be responsible for significant increases in atmospheric growth rates of CO, CO2 and CH4 during 
ENSO events (van der Werf et al. 2004). Wildfires thus have the ability to significantly perturb Earths 
radiation budget and climate, with the possibility for positive feedback (Denman et al. 2007). 
 
 

ii) Regional- and Global-Scale Fire and Emissions Quantification 
The effect of fire on climate and atmospheric chemistry is known to be crucial.  However, until recently, 
estimates of wildfire emissions of trace gas and aerosols to the atmosphere have been based almost solely 
on so-called ‘bottom-up’ inventories or emission models (Hoelzemann et al. 2004; Kasischke et al. 2005) 
which use the 25 year old equation of (Seiler and Crutzen 1980), 
 

Ct = A × B × FC × CE        (1) 
 

where total carbon emission Ct is the product of the area burnt A (ha), the average density of biomass B (t 
per ha), the carbon fraction of the biomass FC and a scaling factor (CE for combustion efficiency 
(fraction of available fuel that actually burns). Emission factors for other species (Andreae and Merlet 
2001) can be used to estimate the release of any other species from the estimates of Ct produced from (1). 
The variables A and B are quantified using either inventory (Palacios-Orueta et al. 2005) and/or satellite 
EO data (Palacios-Orueta et al. 2004); the constant CE is usually estimated using assumptions about 
average ecosystem fuel moisture and fire behaviour. The effects of seasonality and fire behaviour on CE 
may also be taken into account (e.g. Kasischke et al. 2005; Korontzi 2005). An intermediate approach 
applied in the widely-used Global Fire Emissions Database (GFEDv2) involves using a model of 
biogeochemical cycling (the CASA model) to quantify global fire and the resulting emissions from (1) 
modelled parameters of B and CE, knowledge of FC and EO-derived measurements of burned area 
(actually mostly active fire hotspots ‘calibrated’ to estimate burned area; van der Werf et al. 2006).  
 
Approaches based on (1) provide important estimates of biomass burning and associated emissions for 
actual (rather than potential) vegetation, and for wildfires as well as managed fires (burning of 
agricultural residuals, charcoal making and burning and biofuel burning). However, they have significant 
limitations. Since they assume a constant biomass density B and combustion efficiency CE, they do not 
take into account the influence of temporal variations in vegetation dynamics and burning conditions. 
With the exception of recent modifications in van der Werf et al. (2006) they ignore, for example, the fact 
that fuel availability can be a limiting factor for fire spread, especially in moisture-limited fire regimes 
(Pyne et al. 1996; Bradstock et al. 2002). Furthermore, combustion efficiency is determined by the 
burning conditions of single fire events as a function of a range of factors such as meteorology, vegetation 
productivity and plant architecture, fuel load and moisture (Pyne et al. 1996, Bradstock et al. 2002, 
Cochrane 2003; Pausas 2004; Flannigan et al. 2005). Since burning conditions vary, it is of particular 
advantage to reflect these dynamics in prognostic models of fire behaviour. Furthermore, model-based 
regional fire and emissions estimation approaches based soley on remotely sensed burned area measures 
can only be used for estimating emissions during recent decades (and generally far less continentally or 
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globally since reliable EO data at such scales is only now becoming available for the past ~ 5+ years), 
and, most importantly, cannot be used to estimate climate-related changes in pyrogenic emissions either 
in the longer-term past, nor in the near future for fire ‘risk’ forecasting (e.g. the forthcoming dry season).  
It is therefore important to have access to validated models that allow one to make predictions outside of 
the contemporary satellite record. Prognostic fire models, embedded in dynamic global vegetation models 
(DGVMs), can in principle simulate the effects of changes in climate and vegetation dynamics as a bi-
directional feedback with the embedded fire model. This capability is needed in order to investigate how 
fire and fire-related emissions might change with changing climate conditions and vegetation dynamics 
and to allow quantification of fire ‘risk’ based on emerging capabilities for seasonal meteorological 
forecasting. It is this capability that this project aims towards. 
 
 

iii) Regional- and Global-Scale Fire Models:  
There have been a number of previous attempts to simulate fire within dynamic global vegetation models 
(DGVMs) in order to simulate and study climate-fire-vegetation interactions (Lenihan and Neilson 1998; 
Thonicke et al. 2001; Venevsky et al. 2002; Arora and Boer 2006). Such models are designed primarily 
to incorporate the role of fire as a disturbance factor for vegetation dynamics, and to account for 
corresponding fluxes in the global C cycle (e.g. Last Glacial Maximum, Thonicke et al. 2005).  Trace gas 
and aerosol emissions can also be derived within these models via the aforementioned emissions factors. 
However, existing fire models have limitations. While the Glob-FIRM model in the LPJ DGVM (Sitch et 
al. 2003) derives the fractional area burnt within a grid cell from the simulated length of fire season and 
minimal fuel load, it does not specify ignition sources explicitly and assumes a constant relationship 
between fire intensity and fire severity in order to describe fire effects. Fire resistance, a composite 
parameter to describe average fire intensity and fire severity, is defined as a parameter for each plant 
functional type (PFT). Reg-FIRM (Venevsky et al. 2002), an alternative fire model in LPJ, treats climatic 
fire danger, wildfire ignitions and fire spread as distinct processes, but fire effects on vegetation mortality 
are prescribed parameters as in Glob-FIRM, and trace gas and aerosol emissions are unquantified. MC-
FIRE, embedded in the MC1 DGVM (Batchelet et al. 2000), explicitly simulates fire spread (following 
Cohen and Deeming, 1985) and fire effects including post-fire mortality (following Peterson and Ryan 
1986), but allows only one ignition per year per grid cell, and requires a drought index and information on 
time since last fire to estimate the fraction of the grid cell burnt (Lenihan and Neilson 1998).  Arora and 
Boer (2006) recently presented a simulation of fire activity and emissions from biomass burning within 
the Canadian Terrestrial Ecosystem Model (CTEM) (Verseghy et al. 1993).  CTEM-fire simulates the 
feedback between vegetation and fires, but adopts a simplified parameterised approach.  Notably, it 
models fire rate of spread as a function of wind speed and soil moisture only, ignoring the influence of 
litter load and litter moisture.  Also, fire-induced consumption of biomass and plant mortality are 
prescribed, and do not vary with changes in fire intensity.  
 
 

FireMAFS will make use of on-going work in the UK and elsewhere to apply and improve the new global 
and regional fire model SPITFIRE (SPread and InTensity of FIRE).  SPITFIRE is currently embedded 
within the LPJ DGVM (Sitch et al. 2003; Gerten et al. 2004), and has been designed to overcome many 
of the limitations in existing large-scale fire models (Thonicke et al. submitted; Spessa et al. in prep). 
SPITFIRE is a successor to the Reg-FIRM fire model (Venevsky et al. 2002), which explicitly simulated 
processes of climatic fire danger and wildfire lightning- and human-caused ignitions. SPITFIRE builds on 
this treatment with a more complete representation of fire spread (if conditions are sufficiently dry), via 
consideration of fire intensity and the risk of fire-damaged trees dying from either crown scorch or 
cambial death (the two most important causes of post-fire mortality; reference), and with estimation of 
trace gas and aerosol emissions from the modelled fuel consumption. LPJ-SPITFIRE simulates the 
number of fires, area burnt, fire intensity, crown fires, fire-induced plant mortality, and emissions of 
carbon, CO2, CO, CH4, VOC, NOx & TPM at a daily, 0.5 degree resolution (Thonicke et al. submitted; 
Spessa et al. in prep).  In the model, the number of human-caused fires is modelled as a log-normal 
shaped function of population density, with the height of the curve dependent on the number of fires per 
capita per fire-season day.  This parameter is empirically-derived from observed data on fires, the 
population density and the average fire danger conditions within a gridcell. The number of lightning-
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caused fires is currently prescribed and is sourced from flash rate data taken by the Optical Transient 
Detector (OTD: Christian et al. 2003).  Fire rate of spread (ROS) calculations are based on the USDA 
operational fire prediction models (Rothermel 1972; Wilson 1982), and are directly proportional to 
energy produced by ignited fuel, and also wind speed.  ROS is inversely proportional to the amount of 
energy required to ignite fuels (fuel moisture and fuel bulk density, derived from the LPJ).  Four dead fuel 
classes are considered in SPITFIRE: 1hr (dead leaves), 10hr (twigs/small branches), 100 (large branches) 
and 1000-hr (logs) classes. These values refer to the average time it takes for a fuel type to respond to 
equilibrium moisture conditions, which varies according to the surface area to volume (SAV) ratio of the 
fuel (eg. leaves have high SAV and logs have very low SAV; Pyne et al 1996). Area burnt is a function of 
ROS, and fire duration, assuming an elliptical shaped fire and the Canadian method for scaling the wind-
directed long axis of a burn ellipse to the short axis (van Wagner and Pickett 1985).  Litter moisture is 
simulated as a function of the fire ‘danger’ index, which in its current form is the Nestorov Index though 
which could be replaced by some other fire ‘danger’ index.  Grass phenology (green-up and curing phases 
of annual grasses) is modelled as function of the upper soil moisture.  Fuel combustion (by fine and 
coarse fuel classes) is simulated as a function of fuel moisture, while fire intensity is a function of both 
the calorific content of the fuels, the amount of fuel consumed and the fire ROS; and follows Byram 
(1959).  Tree mortality and crown fires are modelled as a function of fire intensity, degree of cambial kill 
(which depends on fire residence time), and vegetation-specific attributes).  Emissions are calculated 
using the Seiler & Crutzen equation (1), with the emission factors of Andreae and Merlot (2001) and their 
regularly updates from the Max Planck Institute for Chemistry, Mainz.  
 
 

For large-scale DGVM-fire models such as SPITFIRE, EO data, complimented by appropriate ground-
based measures, are of fundamental importance to model evaluation over the full range of ecoregions and 
of climate conditions.  LPJ-SPITFIRE has been validated at 0.5 degrees resolution against the GBS 1982 
to 2000 burnt area series (available at 8 sq km resolution, Carmona-Moreno et al. 2005) (Thonicke et al. 
submitted). It has also been tested in selected regions using EO data on burnt area at 0.5 degrees 
resolution (Siberia, scaled-up from 1 sq km resolution AVHRR fire affected area 1997-2003; northern 
Australia, scaled-up from 1 sq km resolution AVHRR fire affected area 1997-2002, and Borneo, scaled-
up from 1 sq km resolution fire affected area derived from a combination of AVHRR, ATSR and MODIS 
hotspot data calibrated with LANDSAT ETM imagery on buirn scars 1997-2003) and observed data on 
burnt area at 0.5 degrees resolution (western USA, Iberian Penisula and Canada) (Spessa et al. in prep). 
 
Not only are EO data invaluable for testing model outputs (e.g. numbers of fires, and area burnt), but the 
increased sophistication of EO products in terms of the variables measured, accuracy, temporal resolution 
and duration now enable the testing of individual fire model components, such as the simulation of fire 
rate of spread and fire intensity, in way not possible only a relatively few years ago (eg Dasgupta et al. 
2007).  Furthermore, many climate-related driving variable now have EO based analogues (e.g. Land 
Surface Temperature, fuel moisture indices) that may assist greatly in the calculation of fire danger 
indices that currently rely on rather course scale interpolations of standard meteorological products or 
climate model outputs (Hao and Qu 2007). 
 
 

iii) Remote Sensing of Fire and Related Land Surface Parameters 
Wildland fires result in a wide variety of characteristic spectral signature changes that can be detected by 
remote sensing, including those related to the intense thermal emission from combustion (Lentile et al. 
2006; Ichoku et al. 2003), to the albedo and spectral reflectance changes induced by burning, and to the 
presence of trace gas and aerosols smoke plumes (Trentmann et al. 2002; Jost et al. 2003).  For these 
reasons, and because of the widespread, but highly variable, nature of global biomass burning activity, 
EO data are considered key to better characterizing the extent and influence of this phenomena and are 
amongst the key datasets capable of being used to test, constrain and improve models of global fire-
climate-vegetation interactions.  In recent years advances in using EO to better quantify and characterise 
biomass burning at scales from individual fire events to continental-scale fire episodes have come from 
the development by Wooster and colleagues of Fire Radiative Power (FRP) measures from geostationary 
(and other) sensors in order to estimate fuel burned and emissions released (Roberts et al. 2005; Wooster 
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et al. 2005), and (ii) new methods to estimate daily burnt area and severity by Lewis and colleagues (Roy 
et al. 2005).  Furthermore, the lengthening data records from high quality instruments such as MODIS 
and the (A)ATSR series of sensors are now capable of capturing the widely varying nature of fire activity 
and its response to variations in climate (van der Werf et al. 2006) making the validation and optimisation 
of global-scale fire-climate vegetation models more feasible than was the case previously with the more 
limited EO data records.  In addition to these active fire and post-fire measures, the model-forcing data 
are now much improved in the EOS (post-2000) era, with remotely derived measures of LAI, soil and 
vegetation moisture and land surface temperature now routinely produced from optical, microwave and 
thermal infrared sensors. With improved processing of historical data and nearly 7 years of EOS-era 
observations, it is now particularly timely to exploit these advances to further develop and test regional- 
and global-scale fire models. Whilst the long-term future of all such observations is not yet secured, 
coordinating bodies such as the GOFC-GOLD Fire implementation team are making particular efforts in 
this area, as well as coordinating products, protocols and validation efforts. 
 
 

iv) Seasonal Forecasting 
According to Doblas-Reyes et al. (2005), ensemble weather and climate forecasting has principally been 
developed to estimate forecast uncertainty due to unavoidable errors in the initial conditions of the Global 
Circulation Model (GCM).  However, initial conditions are not the sole source of uncertainty in weather 
and climate forescasting.  Additional contributions come from GCM uncertainty.  A pragmatic method to 
deal with this problem is based on the multi-GCM approach (Palmer et al. 2004; Doblas-Reyes et al. 
2005; Hewitt 2005).  The multi-GCM approach consists of combining predictions produced with different 
forecast systems to produce a more skilful and reliable estimate of the forecast probability density 
function.  As described by Palmer et al. (2004) and Doblas-Reyes et al. (2005), a simple way of making 
predictions with a multi-GCM system consists of pooling together all the ensemble members from all the 
single-GCM ensembles and assigning an equal weight to each GCM.  This system has shown a clear 
superiority in terms of forecast skill over every single-GCM ensemble (Palmer et al. 2004; Doblas-Reyes 
et al. 2005; Hewitt 2005; Hagedorn et al. 2005). 
 
The ability of multi-GCM ensembles to produce more reliable probability forecasts of seasonal climate 
risk over single-GCM ensembles has been addressed by a few EU-funded projects.  The most recent ones 
are: DEMETER (Development of a European Multimodel Ensemble System for Seasonal to Interannual 
Prediction project) (www.ecmwf.int/research/demeter ), which concluded in 2003, and the followup 
ENSEMBLES (Ensembles-Based Predictions of Climate Changes and Their Impacts) (www.ensembles-
eu.metoffice.com), which is on-going.  Both projects have developed ensemble multi-GCM forecast 
systems for use across a range of timescales (seasonal as well as decadal and longer) and spatial scales 
(global, regional and local) (Palmer et al. 2004; Doblas-Reyes et al. 2005; Hewitt 2005).   
 
One of the common principal aims of DEMETER and ENSEMBLES is to advance the concept of multi-
model ensemble prediction by installing a number of state-of-the-art global coupled ocean–atmosphere 
models on a single supercomputer, and to produce a series of 6-month multi-model ensemble hindcasts 
with common archiving and common diagnostic software.  Hindcasts made by the model systems 
developed in DEMETER and ENSEMBLES have been validated against quality controlled, high-
resolution gridded datasets. The outputs of the ensemble prediction systems from DEMETER and 
ENSEMBLES have been and will continue to be used to drive a wide range of applications models, in 
areas including agriculture, health, energy and water resources (Palmer et al. 2004, Doblas-Reyes et al. 
2005; Hewitt 2005).  For example, Challinor et al. (2005) used the DEMETER ensemble hindcasts of 
weather to drive a process-based crop yield model applied to west India; while Morse et al. (2005) also 
used DEMETER ensemble hindcasts to derive seasonal predictions of malaria incidence. In FireDAFS we 
foresee driving of the ED-JULES-FIRE modelling system (refer to Workpackages) with the ensemble 
hindcasts. 
 
After the completion of the seasonal forecasts, quantitative process-based applications models of the sort 
used in DEMETER and ENSEMBLES have been derived using data from specific meteorological 
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stations (Palmer et al. 2004; Doblas-Reyes et al. 2005; Hewitt 2005).  However, the output from the 
seasonal forecasting models represent averages over a relatively coarse grid.  As such, the statistics of 
GCM variables, especially precipitation in regions of steep orography, can differ substantially from the 
statistics of station data.  It is therefore necessary to downscale the GCM output, either by some 
statistical/empirical schemes (Feddersen and Andersen 2005), or by embedding a high-resolution limited-
area model into the climate model (Doblas-Reyes and Goodess 2005).  Both approaches have been 
followed in DEMETER (Palmer et al 2004) and are planned for ENSEMBLES (Hewitt 2005). 
 
2b. Relevance to users and the potential scientific, practical and socio-economic benefits 
If fire frequency and extent increase with a changing climate, a net increase in CO2 emissions is expected 
(Denman et al. 2007).  Despite such clear coupling between fire, climate, and vegetation, fire is not 
currently modelled as an interactive component of the climate/earth systems models of full complexity 
(Cox et al. 2000) or intermediate complexity (Friedlingstein et al. 2001) that are used to model terrestrial 
ecosystem processes principally for simulating CO2 exchanges. This is also the case for most dynamic 
global vegetation models (DGVMs) (Arora and Boer 2006). Fire disturbance is an important aspect of 
modelling vegetation as a dynamic component and, at the landscape scale at least, disturbance is believed 
to affect net primary and ecosystem productivity and vegetation temporal variation more than does 
interannual climate variability (Arora and Boer 2006).  Therefore the Earth system modelling community, 
in particular those developing and running DGVM’s for use in understanting climate-vegetation 
feedbacks, will be primary beneficiaries of this project through coupling and validation of the fire model 
into ED-JULES (refer to Workpackages).   
 
 

Furthermore, to assist in managing fire-prone ecosystems, forest and land management agencies and 
governmental organisations require early warning systems to identify in advance periods of extreme fire 
danger in order to aid pre-planning, including possible implementation of fire prevention (e.g. fire 
exclusions zones), fire detection schemes (e.g. airborne observations) and pre-suppression plans.   Such as 
system has already been piloted in Borneo, scene of the 1997-1998 extreme peat fires. The 
recommendations of the UN World Conference on Disaster Reduction (WCDR) in Kobe, Japan (January 
2005) led to a call for project proposals for building a a Global Multi-Hazard Early Warning System 
(GEWS)), sponsored by the United Nations International Strategy for Disaster Reduction and the German 
Foreign Office (www.ewc3.org/). The FireMAFS project will provide experiences that are highly relevant 
for building the fire component of such a system.  The Global Earth Observation System of Systems 
(GEOSS), an international initiative involving more than 150 countries and 35 international organizations 
are also interested in such a system. Regionally plans for the GEWS fire component were presented at the 
Conference on Promoting Partnerships for the Implementation of the ASEAN Agreement on 
Transboundary Haze Pollution, 11–13 May 2006 in Hanoi, Vietnam, and at the V International 
Conference on Forest Fire Research (November 24th to December 1st, 2006, Figueira da Foz, Portugal).  
The Canadian project partners here are involved in the planned development of Fire-EWS, and have 
extensive experience of developing fire danger indices and applying them within the boreal and other 
(e.g. tropical peatland) zones.  FireMAFS could provide extensive proto-typing experience for developing 
such an operational system. 
 
 

3a. Specific Aim & Objectives  
We will evaluate ED-JULES-FIRE ‘global’ consistency and its usefulness for fire risk forecasting via 
detailed performance investigations covering Siberia, Canada, Southern Africa, Western USA and Borneo 
and a fire-affected Mediterranean region (e.g. Iberian Peninsular or Portugal).  All are examples of 
globally-significant but greatly differing fire regimes and of ongoing NERC/EU-funded projects (thus 
enabling maximum efficiency). These areas represent the major fire-affected tropical and boreal biomes 
and together account for 40% of mean annual global pyrogenic C emissions, rising to over 50% during 
ENSO years (van der Werf et al. 2006).   The Mediterranean and W. USA areas have particularly well-
developed fire records that will enable model testing over extended time-periods well outside of the 
satellite EO era.  Based on the aforementioned user relevance and benefits, and by targeting the above 
study regions, the primary major aim of FireMAFS is thus (i) to develop and demonstrate methods to use 
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current state-of-the-art EO data and other prior observations to evaluate, improve and constrain the newly 
developed fire model of fire activity embedded in the ED-JULES land surface/ecosystem model, in order 
to be able to enhance our ability to study fire-vegetation interactions; and (ii) produce a system to forecast 
fire risk driven by seasonal weather forecast ensembles over a time horizon from one to six months. 
Specific objectives are to: 
 

(i) Collate, process and assess EO and other datasets (‘observational data’) for the study regions; 
(ii) Test and improve sub-components to the FIRE model against the optimum observational data; 
(iii) Evaluate end-to-end performance of ED-JULES-FIRE against observational data; 
(iv) Develop and test a seasonal fire risk forecasting system based on use of ED-JULES-FIRE and 
seasonal weather forecast ensembles; 
(v) Assess the role of future EO data in further constraining seasonal fire forecasting system with ED-
JULES-FIRE. 

3b. Relevance to NERC Mission, UK and International Research and Policy 
The project directly benefits two key NERC priority themes (biogeochemical cycles & prediction of 
climate change) highlighted in the current NERC Stratgeic Plan (2002-2007). It will enhance the 
capability of the wider NERC community to undertake Earth System Science by coordinating with the 
planned NERC National Center for Earth Observation (within which a number of investigators here are 
Co-I's) and with many of the NERC QUEST and NERC JULES-related activities.  These coordinating 
projects will also form vital conduits for FireMAFS results dissemination and liason with the wider 
community.  The proposal also directly targets all of the seven themes that form the proposed 2007-2012 
NERC Strategic Plan (Climate system; Biodiversity; Sustainable use of natural resources; Earth system 
science; Forecasting and mitigation of natural hazards; Environment, pollution and human health; 
Technologies (inc models)) 
 
4.  Methodology and Approach 
The research to achieve the above stated objectives is organised into four workpackages:  
 
WP 0. Integration of state-of-the-art fire model and JULES 
WP0 represents the simulation of fire dynamics, fire-induced plant mortality and emission from biomass 
burning will soon incorporated into the most up-to-date, off-line version of the NERC and Met Office 
(DEFRA)-funded land surface model JULES (Joint UK Land Environment Simulator) (Cox, Prentice, 
Woodward, Boucher et al. JULES Management Committee).  This work was recommended by Prof. 
Colin Prentice (QUEST Leader) and the QUEST Integration team to NERC starting in late autumn 2007. 
It will be managed by Dr Allan Spessa (researcher co-investigator on FireDAFS) who is the JULES fire 
theme leader, as an extension to the QUEST Earth System Model contract, which is held by NCAS-
Climate/Walker Institute, Reading University. The implementation of fire into JULES will commence 
with an initial consultation process on 10 May 2007 at Bristol University involving scientists from across 
the UK working on modelling fire and related processes (modelling vegetation dynamics, soil moisture 
and atmospheric chemistry and aerosols).  Funding approval for this work is pending, but is expected 
before the NERC panel sits in mid-July to assess the ESPP proposals.  The JULES-ED-FIRE model is 
planned to be incorporated into the QUEST Earth System Model (Dr Spessa is the project manager for 
the QESM). WP 0 integration work will be funded by NERC. In the apparently unlikely event it is not, 
the ESPP NERC review panel will know this by the time they sit to consider funding for FireMAFS and 
may take appropriate action. 
 
The simulation of fire in JULES as part of WP0 will account for the latest advancements in the modelling 
of above-ground fire-vegetation interactions using SPITFIRE (eg. Thonicke et al. submitted), and other 
approaches such as MC-FIRE (Lenihan et al. 1998) and CTEM-Fire (Arora and Boer 2006).  The design 
of the coupling between fire and vegetation in JULES will utilise the ED-JULES model to provide 
vegetation dynamics, litter dynamics and the moisture content of fuels. 
The coupling of the Ecosystem Demography (ED) model to the JULES land surface model and to the 
IMOGEN analogue climate framework (Fisher, Huntingford and Woodward), is currently funded by 
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QUEST through the QUERCC project (PI. Prof. Ian Woodward).  This work draws upon elements from 
other dynamic vegetation models such as the LPJ DGVM (Sitch et al. 2003), and the Sheffield DGVM 
(Woodward et al. 1995, 2001).  The new version of ED will comprises a comprehensive set of PFTs 
(Plant Functional Types) that reflect both bio-climatic constraints and disturbance, especially fire.  This 
PFT work is also funded by QUEST through QUERCC (PI: Prof. Woodward), and link with existing 
collaborations between UBRIS and the ARC-NZ network for vegetation function (Prof. Harrison).  ED-
JULES is well-advanced with a model prototype already having been applied and validated in a tropical 
ecosystem (Fisher and Huntingford 2007).  
 
The implementation of fire into JULES will also take into account previous studies that have quantified 
the relationship between climate and fires in peats (tropics: Page et al. 2002, Fuller and Murphy 2006, 
Spessa et al. In prep. Ecosystems, and the boreal zone: Frandsen 1987, Balzter et al 2005).  The existing 
method for simulating soil hydrology in JULES (Gedney and Cox 2003; Gedney et al. 2004; Clark and 
Gedney submitted Hydrometeorology) will provide the basis for accounting for changes in the moisture 
content of peats under changing climate and weather conditions. Frandsen (1987) showed that biomass 
combustion by peat fires could be modelled as a function of the incidence of a surface fire and the soil 
moisture profile through the peat.  Previous attempts at simulating the hydrology of peatlands and 
wetlands in temperate regions (Rita Wania unpubl. PhD study, Bristol University), the boreal zone (Beer 
et al. 2005), and Indonesia- which contains the majority of the tropical peatlands (Woesten et al. 2006) 
will be reviewed as part of this work. 
 
The WP 0 integration is expected to take 6 months to complete, and within this it is envisaged that ED-
JULES-FIRE will be provided with the tools to simulate key elements of fire regimes viz i) type of fire- 
(surface fire, crown fire, or peat fire); ii) area burnt, and iii) fire intensity.  Further developmental work is 
required to enable ED-JULES-FIRE to simulate peat fires and crown fires, but useful pointers already 
exist such as the study of Frandsen (1987) who showed that peat fires could be modelled as a function of 
surface fire incidence and soil moisture profile, and the work of Scott and Reinhardt (2001) who have 
derived equations governing crown fires in north American ecosystems as part of the USDA suite of 
operational fire behaviour models.   
 
WP1. Development and integration of data products. We will exploit state-of-the-art EO and other 
datasets to derive optimum integrated records representing the surface expression of fire and estimates of 
C and other emissions over the test regions. These datasets will be supplemented by other existing 
regional and global databases available through project co-Is and partners, as well as by EO-derived 
ancilliary data on vegetation state. The aim of WP 1 is to collate and process the data products required 
for model testing (WP2) and seasonal forecasting (WP3). The main data sources to be integrated include:  
 
(i) Burned Area (BA), Active fire Detections (AFDs), fire radiative power/energy (FRP/FRE) data. 

We will develop datasets over the test regions of: BA (near-daily timestep, monthly and annual 
totals) to map BA statistics and produce higher-level products; AFDs clustered to represent ignition 
numbers that result in fire spread; FRP calibrated to represent relative monthly mean combustion 
rate; and FRE calibrated to represent relative total fuel consumption. These datasets will come 
primarily from MODIS, but we will use geostationary products from ongoing NERC and 
EUMETSAT funded projects where appropriate, including to check our assumption that the shape of 
the diurnal cycle changes less seasonally and interannually than does the overall year-to-year fire 
magnitude. Supplementary EO datasets on BA and AFDs from project partners include those from 
ATSR and AVHRR. TRMM ‘diurnal-cycle’ fire detections in the tropics will also be used for this 
aspect. Measures of radiative fireline intensity will be determined from selected MODIS observations 
for comparison to ED-JULES-FIRE modelled values. BA is the EO product least-affected by cloud 
cover (since burn ‘scars’ persist long after the fire has been extinguished) and daily burned area data 
from MODIS will enable derivation of information on fire rate-of-spread and the linking of emissions 
estimates to FRE data. Though a relatively small proportion of larger fires are known to represent the 
majority of area burned during a particular fire season, this may not be true for individual months (or 
even perhaps years) and we will explore scaling methods to adjust for non-detected (smaller but 
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potentially numerous) fires (Zhang et al. 2003). A range of regional datasets are also available, in 
particular to extend the validation possibilities back before the EOS era. For Borneo, this includes 
AVHRR GAC, ATSR, TRMM and MODIS AFD data to provide a relative measure of fire activity 
for all ENSO events between 1982-83 and present; as well as burnt area products at 1 km2 from 1997 
to 2003 (Spessa et al. In prep.), and beyond (Prof. Florian Siegert, RSS GmbH, pers. comm.). For 
Siberia, Leicester will provide an existing 1992-2003 time-series of burned area data (developed 
under the Siberia II project; co-I Balzter), and through liaison with the Russian Space Research 
Centre (Dr. Bartalev, Moscow) in the INTAS project SibFORD, will provide access to long-term 
burned area data from 1998 to the present derived from SPOT-VEGETATION. The University of 
Leicester will also provide a new dataset for sub-Saharan Africa for at least 3 years that will be 
generated under the EU contract CARBOAFRICA and extended via this project. The novelty of this 
latter product will be that it will fully exploit the removal of aerosol effects on the land surface 
reflectance that is achievable from the mult-angle imaging capability of the (A)ATSR instrument 
series (Grey et al. 2006). Particularly when smoke aerosols are present this approach is thought to 
greatly improve the accuracy of burned area mapping as a result of the better radiometric accuracy of 
the corrected reflectance measures. Leicester will collaborate with ESA to reprocess the full 
(A)ATSR archive over Africa from 1995 to the present using their On-demand GRID processing 
facility. This is expected to lead to the longest and most accurate available time-series of burned area 
data over Africa available to date, and one what will dramatically extend the validation period 
available to FireMAFS in this region.  For Canada we will exploit the Canadian Large Fire Database 
(> 50 year record) and the more recent EO-derived products derived by the Canada Centre for 
Remote Sensing and the Canadian Forest Service. For the western USA and Mediterranean regions 
we will make use of historical databases extending over multiple decades and which have already 
been quality controlled.  

(ii) Fuel type and amount: EO data cannot directly provide estimates of all required vegetation 
conditions required to test SPITFRE against EO data on fires, or to drive forecasting. Pre-fire 
conditions (fuel types, amount, moisture conditions) can be calculated within ED-JULES, but the 
model will need to be constrained to produce reliable predictions. This will be achieved by driving 
the model with appropriate EO data products. Ideally this would take place within a data assimilation 
system to keep the model on track up to the point where prediction of future state starts for 
forecasting, but plans for appropriate assimilation schemes are not yet finalised within QUEST and 
NCEO. We will instead use fire activity data collated in (i) above to constrain the pyrogenic removal 
of (litter and other) biomass by fire, as well as satellite-derived LAI data products (1981+) to replace 
predicted LAI in JULES and drive radiation interception and seasonal dynamics. The primary LAI 
datasets to be used will be the monthly 16 km AVHRR dataset1 (1981-2001) (Myneni et al. 1997) 
and the MODIS 8-day LAI data product (1 km 2000+) over the study regions. Further constraints on 
fuel type will be provided by MODIS %tree cover (e.g. DeFries et al. 2000).  

(iii) Vegetation and soil moisture: There have been many attempts to define products reflecting these 
properties at high spatial and temporal resolutions to include in fire danger indices and related 
concepts. The main methods include: (i) empirical relationships with vegetation indices, reflecting 
vegetation amount (e.g. NDVI) and surface temperature, reflecting moisture status (Ts) (Lasaponara, 
2005); (ii) SWIR/NIR vegetation indices (e.g. Chuvieco 2002) or semi-physical relationships to 
reflectance (Hao and Qu 2007); and (iii) passive microwave measurements (e.g. Njoku, 1999). Each 
approach has its merits and disadvantages, including the fact that the microwave measurements 
incorporate sensitivity to both vegetation moisture and roughness (Njoku and Chan 2006), are 
available operationally only from 2002 (AMSR-E2 on NASA AQUA) at relatively coarse resolution 
(56 km), whereas optical/IR indices are available at higher spatial resolution (e.g. 1 km from MODIS 
or AVHRR) for a longer timer period (1992+ for AVHRR, 2000+ for MODIS) but need empirical 
calibration to vegetation moisture. A study by Dasgupta and Qu (2006) applies a data fusion method 

                                                 
1 http://cybele.bu.edu/modismisr/products/avhrr/avhrrlaifpar.html 
2 http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html 
3 http://thunder.nsstc.nasa.gov/lis/ 
 
2 http://nsidc.org/data/docs/daac/ae_land_l2b_soil_moisture.gd.html 
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using wavelet transforms to combine MODIS NDII (Normalized Difference Infrared Index) and 
AMSR-E equivalent vegetation moisture content, using the latter to calibrate the former, whilst 
keeping the spatial resolution of the NDII data. We propose to use such an approach here to 
supplement the coarse resolution AMSR-E data to provide moderate resolution (1 km) datasets of 
vegetation moisture content (kg/m2) over the study regions for 2002+, and to examine cross-
calibrations with AVHRR NDVI-Ts to extend the time series; 

(iv) Other datasets: Other important datasets that will be processed and collated in this WP include 
those on climate drivers to run ED-JULES-FIRE and lightning data3. Climate drivers will be 
developed in conjunction with other QUEST and NCEO activities. Bhoi and Qu (2005) found a high 
degree of correlation between LIS lightning detections and MODIS active fire counts in Southern 
Africa, taking into account land surface temperature and cover type. We will analyse such 
relationships in the study regions to estimate the anthropogenic vs lightening influence on fire 
activity and test that component of the ED-JULES-FIRE parameterisation scheme. 

 
There are important additional potential constraints that could be provided by EO atmospheric 
observations, though the current lack of information on pyrogenic injection heights (and to some exetent 
emissions factor variability) limits the ability to relate surface emissions sources to trace gas distributions. 
There are insufficient resources within this project to properly handle atmospheric constraints on the 
model performance, but we will interface this study with other fire and atmospheric work to be 
undertaken within the NCEO carbon, atmospheric and climate themes. 
 
WP2. Performance assessment and optimisation of ED- JULES-FIRE. 
We will undertake a model sensitivity analysis for each test area using a model dynamic emulator, thus 
identifying variables having most influence on each predicted fire parameter, and a first assessment of 
absolute performance against the current ‘best available’ fire and emissions inventory database (GFEDv2 
covering 1997-2005; Van der Werf et al. 2006). We will undertake Bayesian parameter estimation of 
sensitive ED-JULES-FIRE parameters, driving the model by operational weather data (~2000’s) and by 
re-analysis data (1980’s and 1990’s; most particularly for Borneo ENSO-fire investigations and the 
studies for which we have decadal+ long datasets) and comparing against the integrated EO data and 
other observations produced or collated in WP1.  We will use the study of individual fire experiments 
(e.g. Mell et al. 2005) to test and if necessary improve the parameterisations and relationships within the 
ED-JULES-FIRE model.   
 
WP3. Fire risk forecasting. 
The weather data used as input to this work package are the 6 month seasonal forecasts available via ftp 
through DEMETER prior to 2001, and through ENSEMBLES from 2002 onwards.  An ensemble consists 
of a number of fire-related sets of weather variables such as temperature, radiation, humidity and wind.  
These data are available on a daily basis. Data respresenting convection will be assessed for the 
forecasting of lightning and hence lightning-based fires based on the convective upward mass flux 
formulation presented in Allen and Pickering (2002).  This formulation is presently being refined by the 
UKCA (www.ukca.ac.uk/about_ukca.html) (which forms part of the QESM) to simulate lightning as part 
of lightning-induced NOX production. This formulation will also considered as part of the ED-JULES-
FIRE developmental work (WP0).  
 
We will assess available statistical downscaling techniques to interpolate the raw ensembles data to a 0.5 
resolution, even though dynamical regional climate models can also be applied for downscaling purposes 
(Doblas-Reyes and Goodess 2005).  In the statistical/empirical methods, a mapping (based on regression 
methods, analogue techniques, or neural networks) is derived from one or more large-scale fields to 
derive the finer scales required by the application models (Doblas-Reyes and Goodess 2005).  According 
to Doblas-Reyes and Goodess (2005), the statistical methods are relatively straightforward to apply and 
computationally cheap compared with the dynamical approach. Previous work by Feddersen and 

                                                 
3 http://thunder.nsstc.nasa.gov/lis/ 
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Andersen (2005) has shown that seasonal prediction skill, notably for precipitation and 2m temperature, 
can be improved using statistical techniques to correct the GCM output.  
 
The raw DEMETER data will be bias-corrected using the ERA40 data (available until 2002), following 
the methods employed by Challinor et al. (2005).  First an estimate of the seasonal cycle at each gridbox 
will be obtained.  The seasonal cycle with daily resolution will be computed by averaging, for a given 
period, all the weather ensemble members and hindcasts available. This estimate will be smooth out using 
Fourier decomposition of the time series.  The same method will be used to determine the seasonal cycle 
with the ERA40 data.  The bias will then be identified as the difference between the GCM variable and 
ERA40 seasonal cycles.  Lastly, bias-corrected hindcasts will be computed as the difference between the 
hindcasts produced by the GCMs minus the estimated bias.  We will assess the use of ECMWF 
operational products or use the interim reanalysis data to similarly bias-correct the ENSEMBLES data 
post-2002. 
 
We will then make two sets of fire forecasts.  First, we will use an ensemble of seasonal weather 
hindcasts to calculate a range of different fire danger indices, including ones used by existing fire models 
listed below (SPITFIRE: Nestorov index (Nestorov 1949, Venevsky et al. 2002); Mc-FIRE: National Fire 
Danger Rating System (Cohen and Deeming 1985)). Other possibilities include the Canadian Fire 
Weather Index (CFFBG 1992) (which has also been adapted to Indonesia (de Groot et al. 2005), the 
South African Lowveld model (Sally Archibald pers. comm.), the MacArthur Grassland Fire Danger 
Rating (Bradstock et al. 2002) and the MacArthur Forest Fire Danger Index (Bradstock et al. 2002). This 
work will yield useful insights into the behaviour of the indices across a broad range of meteorological 
conditions, and will indicate which indices perform best in certain regions and why.  This will link with 
existing work at the University of Bristol University (UBRIS) through the EU-funded Fire-PARADOX 
project (co-PI: Prof. Sandy Harrison) examining various improvements to fire danger/ simulation in the 
SPITFIRE model through replacement of the Nesterov index.  UBRIS plan to test a number of 
substitutes, including the Canadian Fire Weather Index, to determine which produces the best results 
(Harrison, pers. comm.) 
 
In the second task, we will first drive ED-JULES-FIRE with an ensemble of seasonal weather hindcasts.  
We will run ED-JULES-FIRE on climatology data for spin-up purposes, on reanalysis data for 1950s+ 
and on seasonal hindcast data from 6 months prior to the start of each study year selected.   We will force 
ED-JULES-FIRE with both the original seasonal forecasts, and the bias corrected versions adjusted for 
forecast drift following the methods employed by Challinor et al. (2005) and planned for ENSEMBLES 
(Hewitt 2005). These 2002+ hindcast experiments will allow us to utilise the state-of-the-art seasonal 
forecast products, the best available EO data on vegetation state and moisture conditions, and the 
optimum EO records of actual fire activity made in the EOS era in order to evaluate the skill of the fire 
risk forecast system.  Seasonal forecasts are generally required to produce only daily (or worse) averages.  
Given the major diurnal variations noted in fire activity, much of which is driven by meteorology, we will 
evaluate and if necessary implement a scheme to convert these to estimates incorporating diurnal 
variations.  Probability density functions (PDFs) will be taken from the seasonal forecasts and input into 
the ED-JULES-FIRE model, with the output expected to be a matching PDF of fire risk. 
 
Year-long simulations will ensure fires are forecast only at realistic times and results will be compared 
against the WP1 products and existing fire risk indices.  We will then replicate the unconstrained 
methodology described above, but with JULES constrained by EO data (on past burned areas, vegetation 
condition, soil moisture etc) in order to force the model to commence with initial conditions most closely 
reflecting the prevailing environmental conditions at the start of the forecast period and over as much of 
the preceding time-period as possible (in order to properly account for removals from the litter pools by 
previous fires).    
 
5. Research Plan  
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The work will be conduced in close collaboration between the University of Reading, 
University of London (KCL and UCL) and University of Reading, together with the 
other Co-I’s and project partners listed in the Justification for Resources and the 
Project Partner lettes of support.  A breakdown of the workpackage timings are given in 
the Gannt chart below:  

time [months] T0 T3 T6 T12 T18 T24 T27 
WP0 (FIRE into 

JULES) 
       

WP1 (Obs. Data 
Preparation & Use) 

       

WP2 (Model 
Performance 
Evaluation) 

       

WP3 (Forecasting)        
 
 
6. Management of project and resources, training and career development opportunities  
The project will be led by Prof. Wooster at KCL, whilst Dr Spessa at Reading will be in charge of partner 
coordination and day-to-day management assisted by PDRA1 who will conduct the modelling.  A kick-
off meeting will take place at KCL followed by progress meetings every 6 months. A budget is allocated 
for additional teleconferences and visits to and from project partners. Participants will contribute to 
thematic QUEST workshops, open NERC NCEO meetings as appropriate, as well as international 
conferences in remote sensing, fire modeling and monitoring and carbon-climate interactions. Research 
staff will have training opportunities according to the partner organisations’ staff development policies, 
and will be encouraged to develop management skills, scientific writing skills and interpersonal skills 
through preparation of written material and presentation of results at conferences.  
 
7. Data management plan  
The main outputs will be the validated ED-JULES-FIRE model, the processed Earth Observation data, 
and the simulations and ancilliary datasets. Team members will share data and software, keeping a tight 
version control. A project wiki webpage will enable the team to easily share information and data and 
keep track of software versions. A project FTP site with agreed file naming conventions will enable the 
exchange of the larger datasets.   At project end dasetsets will be provided to QUEST, NCEO and the 
NERC NEODC for archival and storage. 
 
8. Wider dissemination of results, Knowledge Transfer and public engagement 
PDRA1 will gain new research experience in use of EO data (PDRA2’s primary function), whilst PDRA2 
will gain experience in modelling of fire and in DVGM’s (that will mostly be handled by PDRA1). Both 
will gain exposure to seasonal forecasting. This breadth and depth of knowledge will considerably 
enhance their career prospects. All groups are involved in knowledge transfer via results publication and 
dissemination of models/databases. Results will be disseminated at QUEST science conference, through 
presentations at international conferences and by peer-reviewed publications and project website.  The 
final validated ED-JULES-FIRE model will be available open access for use by any interested researcher.  
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