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Developing operators to become productive and competent UAS pilots that are mission 
effective is a primary goal of any training program. This paper outlines an effective approach to 
train operators to become efficient pre-fire UAS operators.  

Abstract  

Fire is a widespread Earth system process with important carbon and climate feedbacks. 
Multispectral remote sensing has enabled mapping of global patterns of fire and fire effects, which 
has significantly improved our understanding of critical interactions between ecosystems, climate, 
humans, and fire.  

To date, spectral fire analysis and feedback applications have primarily used airborne data in the 
visible to short-wave infrared region. This has resulted in detailed and accurate discrimination 

and quantification of fuel types, fuel conditions, fire temperatures, fire emissions, fire severity, 
and vegetation recovery.   

Many of these applications use processing techniques that take advantage of high spectral 
resolution and dimensionality such as advanced spectral mixture analysis. So far, hyperspectral 
fire applications are based on a limited number of airborne dataset acquisitions. Recent innovations 
in airborne hyperspectral thermal remote sensing capabilities show potential to improve retrievals 
of temperature and emissions data from active fires. And yet, these applications need more 
investigation to verify consistency over space and time to overcome issues regarding sensor 
saturation.  

Introduction 

Fire is a ubiquitous disturbance agent in the terrestrial biosphere and it occurs in ecosystems that 
range from tropical rainforests to deserts and boreal forests. Fire occurs in a variety of forms, 
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including high intensity crown fires and long-duration ground fires in organic soils with relatively 
low intensity. Ecosystems and fire regimes are rapidly changing at historically unprecedented 
rates. (Dennison et al., 2014; Gillett et al., 2004; Stavros et al., 2014; Westerling,2006).  

The fire disturbance continuum discriminates between discrete temporal phases, or macro 
stages, during which fire progresses. The fire disturbance continuum includes pre-fire, active, 
and post-fire environments (Figure 1). The pre-fire environment refers to the type and 
condition of fuels as influenced by climate, weather, and land management. The active fire 
environment is the phase during which fires spread over the landscape. Topography, fuels, and 
fire weather influence active fire behavior and intensity. Fire intensity describes the physical 
combustion process of energy release from organic matter (Keeley, 2009) and is directly 
related to fire emissions (Wooster et al., 2005). Finally, the post-fire environment is what is 
left after the fire is extinguished. The post-fire environment is often described interchangeably 
with the terms fire and burn severity (Boer et al., 2008; Keeley, 2009).  

Figure 1. Temporal phases in the fire disturbance continuum (after Jain et al., 2004)  

Pre-Fire Applications  

The pre-fire environment refers to fuel type and condition (Chuvieco et al., 2003) and how 
these change through time as a function of climate, weather, land management, and land use. 
First, fuel type represents an association of fuel elements that result in a characteristic fire 
behavior (Merrill and Alexander, 1987). These fuel elements include vegetation species, 
form, size arrangement, and continuity. The fuel type affects the chemical composition and 
available energy content that then affects the fire intensity, which is the physical combustion 
process of energy release from organic matter (Agee, 1993; Keeley, 2009). Second, fuel 
condition refers to the moisture content and fuel status (live or dead). These parameters 
influence fuel drying and combustion (Pickett et al., 2010). Moisture content affects the 



  
I.M. DAVIS - 2022 3 

 

flammability of fuels and therefore fire behaviors such as ignition probability, fire spread 
rate, and consequent smoke impacts (Anderson, 1970; Forkel et al., 2012).  

Multispectral remote sensing of fuel type by mapping plant functional types has capitalized 

upon reliable classification and vegetation index profiles (Bartholomé and Belward, 2005; 

Friedl et al., 2002; Hansen and Reed, 2000; Loveland et al., 2000; Nelson et al., 2013; Rollins 

et al., 2006; Ryan and Opperman, 2013). Similarly, retrieving fuel moisture and 

photosynthetic status, i.e., live, versus non-photosynthetic vegetation, i.e., dead, from 

multispectral data is often based on spectral indices.  

The fact that reflectance data from a few spectral bands, often combined into a spectral index, 
results in high correlations with multiple fuel attributes. This would demonstrate that some of these 
attributes can be correlated and pre-ignition probability can be displayed. That being said, 
broadband spectral remote sensing may not be able to fully capture subtle differences that may 
exist between fuel type and condition. Since narrow spectral bands from hyperspectral sensing 
allow different approaches to determine fuel type and condition, using greater than 10 spectral 
bands may allow for improved classification.  

The main difference between multispectral and hyperspectral is the number bands and the spectra 
of electromagnetic radiation that each band contains. Multispectral imagery generally refers to 3-
10 spectral bands. Hyperspectral imagery consists of more numerous, much narrower bands (10-
20nm each). The more numerous, narrower spectra banks from hyperspectral remote sensing allow 
different and more granular approaches to determine fuel type and condition.   

One prospective, low-cost alternative is to use a 10-14 multi-spectral sensor to gather data at low 
altitudes (reference Agrowing and SPH Webinar - https://agrowing.com/case-study2/). Utilizing 
this approach provides the operator the opportunity to effectively determine fuel type and condition 
at a low price point. Rather than using large scale UAVs across broad geographic expanses, the 
operator can segment sample acreage and then continually monitor those more manageable 
segments. Further, utilizing technology that lives on the edge, operators can ensure sampling is 
productive and correct any data in real time that does not meet requirements. With this, these 
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sample areas can be ideally designated near potential hazard areas (Railroads, Utility poles, 
Recreational areas, etc.). The results could provide quantitative and qualitative characterization of 
the area as it progresses to a pre-fire hazard
 

 
Conclusion  

 
 

Utilizing UAS and multi or hyper spectral sensors can determine ignition probability and fire 

spread rates.  

 

Incorporating low-cost Drones with appropriate sensors creates effective training and mission 

deployment. 

 

Incorporating technology that can live on the drone will allow for edge processing, giving 

operators the chance to react in real time. Further, this will support autonomous processing in the 

future, giving operators even more control over their sampling. 

 

The initial test and evaluation should include (1) Alta X or equivalent UAS (2) UgCS software for 

effective flight planning and control and image capturing (3) Agrowing Sensor, 14 band, and (4) 

an onboard processor.  This configuration would provide the necessary tools to training operators 

and offer effective missions for Pre-Fire evaluations and monitoring. 


