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Context:  
Data---driven wildfire spread modeling is emerging as a cornerstone for forecasting real---time fire behavior using 
thermal---infrared imaging data. Better tracking the fire propagation provides a better mapping of the burning 
areas in the near---future for firefighting actions, but also a more accurate inventory of fire emission sources that 
are input data to regional---scale air quality modeling systems. 

 
Objectives / scientific questions: 
The application of data assimilation to wildfires is still at an early stage due to the complexity of the problem. 
Fire is a subgrid---scale process in atmospheric models and can be represented at landscape scales as the 
propagation of a front (i.e. contour of the burnt area). One key challenge lies in the design of an adequate measure 
to quantify differences between observed and simulated fronts. This was an important step addressed in this 
project to pave the way towards the direct assimilation of satellite images. 

 
Main results: 
To address the first challenge mentioned above, we designed a shape---oriented data assimilation method that is 
suitable to track a front that may be subject to strong shape deformations, its motion may be unsteady and 
present irregularities and topological changes can occur (multiple fires can develop due to fire spotting). Classical 
data assimilation methods assume that simulation---observation errors are only of amplitude type. In front-tracking 
problems, they perform poorly when the simulated contour is displaced from its observation. They compensate 
position errors by adjusting amplitudes, which can produce non-physical solutions. In our newly-design system, 
the simulation-observation discrepancies are represented using a front shape similarity measure derived from 
image processing and based on the Chan-Vese contour fitting functional. The performance of this new strategy 
applied in the context of joint state-parameter estimation was assessed on synthetic cases (Fig. 1) but also on a 
grassland field-scale burning experiment (RxCADRE) (Fig. 2) and on the RIM wildfire (more than 100,000 
hectares and one of the most devastating wildfires that occurred in California). 
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Figure 1 : Mean front positions at times 10, 40, 60 and 100 s for the main fire and at times 60 and 100 s for the 
spot fire. Comparison between observations (black solid lines), free run (blue dashed lines) and data---driven run 
obtained using a joint state-parameter estimation. Symbols indicate ignition location. The free run was obtained 
using wrong initial condition, an absence of a spot fire and a wrong prior wind. More information: [J1]. 

 
Figure 2 
a --- Dataset of the RxCADRE controlled burning experiment over the 180 m x 180 m domain : map of front arrival 
times during a 8-min time sequence from which binary image showing unburnt and burnt vegetation is extracted 
at a given observation time. More information: [J2]. 
b --- Comparison of mean simulated (lines) and observed (symbols) fire fronts at 120-s time intervals during the 8-min 
time sequence. Dashed (solid) lines correspond to free runs (data---driven runs). The free run was obtained using 
wrong initial condition and wrong prior wind. The data-driven run was obtained using a standalone state 
estimation approach. More information: [J2]. 

Future of the project : 
From a methodological viewpoint, future work includes the extensive evaluation of the joint state-parameter 
estimation based on the front shape similarity measure in the context of real-world wildfire hazards such as the 
RIM wildfire. To address these problems, the framework could include more sources of uncertainties (e.g. biomass 
fuel properties, spatially---varying wind) and could be able to operate on multi-model ensemble. We also need to 
evaluate, in practice, a spatially distributed gain in both state and parameter estimation and our capability to treat 
effectively partial observed fire fronts – as incomplete wildfire images may be available. We may also require to 
define error covariance statistics that are well suited for the front discrepancy measure. 
From an application viewpoint, one key challenge relates to the application of data assimilation in a coupled fire- 
atmosphere modeling system to improve wildfire behavior forecasting performance. This is now addressed within 
the frame of a new ANR---FORECASTER project (2017---2021). 

Publications, communications and PhD thesis 

Journal publications [2 --- 1 accepted; 1 under review] 
[J1] M.C. Rochoux, A. Collin, C. Zhang, A. Trouvé, D. Lucor & P. Moireau: Front shape similarity measure for front 
position sensitivity analysis and data assimilation for eikonal equation, ESAIM: Proceedings and Surveys, 
EDP Sciences, in press. Available online: https://hal.inria.fr/hal---01625575 
[J2] C. Zhang, A. Collin, P. Moireau, A. Trouvé & M.C. Rochoux: Front shape similarity measure for data---driven 
simulations of wildland fire spread based on state estimation: Application to the RxCADRE field---scale 
experiment, Proceedings of the Combustion Institute, under review. 

Communications [7] --- Selected communications: 
[C1] M.C. Rochoux, C. Zhang, M. Gollner & A. Trouvé: Designing the future of wildfire modeling, 
Wildfire Magazine, March/April Issue, 2017. 
Large public communication available at: http://wildfiremagazine.org/article/designing---future---wildfire---modeling/ 
[C2] C. Zhang, M.C. Rochoux, A. Collin, W. Tang, M. Gollner, E. Ellicott, P. Moireau & A. Trouvé: Front shape 
comparison in data---driven wildland fire spread simulations, 10th US National Combustion Meeting, 
College Park (Maryland, US), 23---26 April, 2017. 
[C3] M.C. Rochoux, C. Zhang, M.J. Gollner & A. Trouvé: Designing data---driven modeling strategies for real---time 
spread forecasting, Earth Observation Summit 2017 – Workshop on Wildfire Remote Sensing, 
Montreal (Canada), 20---22 June, 2017. 

PhD thesis 
[P1] Cong Zhang (2014---2018; University of Maryland; co---supervision by Prof. Arnaud Trouvé, UMD, and Mélanie 
Rochoux, CERFACS; NSF---WIFIRE funding) --- Main objective: Development of advanced data assimilation methods 
and application to regional---scale wildland fires 
[P2] Aurélien Costes (started in Nov. 2017; Université de Toulouse; co---supervision by  Mélanie Rochoux, 
CECI/CERFACS, and Valéry Masson, CNRM/Météo---France; ANR---FIRECASTER funding) --- Main objective: Modeling 
interactions between wildland fires and atmosphere for on---demand simulations with data assimilation. 

 

http://wildfiremagazine.org/article/designing-

