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Context   
Predicting wildfire behavior is a challenge due to the complexity of the multi-scale multi-physics processes and to 
the uncertainties associated with environmental factors. Data assimilation is identified as a cornerstone for 
reconstructing the complete time history of a given wildfire event.  
 

Objectives / scientific questions   
The active flaming areas are modeled as a propagating fire front. One key challenge in the application of data 
assimilation to this problem lies in the design of an adequate measure to quantify differences between observed 
and simulated fire fronts, from which a robust correction on the most influential factors can be inferred. 
 

Main results 
We designed a shape-oriented data assimilation method [J1], which is applicable to both Eulerian and Lagrangian 
models, and which is suitable to track the fire fronts that may be subject to shape and topological uncertainties 
[J2-J3]. In this generic approach, the simulation-observation discrepancies are represented in the ensemble 
Kalman filter framework using a front shape similarity measure deriving from image processing and based on the 
Chan-Vese contour fitting functional. The performance of this new approach was assessed on the RxCADRE field-
scale control burn. The added value of parameter estimation was demonstrated to gain forecast performance and 
reduce model bias (Fig. 1). A global sensitivity analysis on the fire front propagating speed was performed to spot 
the most influential parameters, which are important to infer through data assimilation. The near-surface wind 
speed (U0), the leaf area index (LAI), the inflammability temperature (Ti) and the dead fuel moisture content (Md) 
impact the propagating speed variability at the fire front head (Fig. 2). Inflow turbulence is also important to 
perturb [J4] to generate a sufficiently diverse ensemble during data assimilation. A deep learning approach has 
been applied to airborne infrared images to extract fire front positions and thereby build high-resolution (1 m, 1 s) 
observational datasets to test data assimilation in a more systematic way [C5].  
 

 
Figure 1 

 
Figure 2 

Figure 1 – Time-varying front shape similarity measure to quantify observation-simulation discrepancies for the 
RxCADRE test. Comparison of free run (dashed lines), standalone state estimation (circle symbols), standalone 
parameter estimation (plus symbols) and joint state-parameter estimation (cross symbols). Data are assimilated at 
t = 60 s; predictions at t = 120 and 180 s correspond to a forecast (extracted from [J3] and [P1]).  
 

Figure 2 – Comparison of Sobol’ indices representing the influence of 16 input parameters on the head fire front 
propagating speed in the Balbi’s model (extracted from [P2]). 
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Future of the project 
Predicting wildland fire behavior remains a challenge due to the atmosphere/fire interactions and to the 
uncertainties associated with biomass and wind conditions. Future work (submitted ANR JCJC project) aims at 
developing and evaluating a unique fire reanalysis capability to infer more realistic environmental conditions and 
reconstruct the complete time history of past wildfire events through the assimilation of remote sensing data 
applied to a coupled atmosphere/fire model. Emulation of the coupled model (MesoNH-Blaze [J4]) will be a key 
aspect to address test cases of increasing complexity, from controlled burns to actual wildfires. A better 
representation of the vegetation and of its link with biomass fuel properties will be a second key aspect to 
improve prior information. This will provide a digital twin framework to anticipate possible changes in wildland 
fires due to climate change (submitted H2020 GreenDeal project).  
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