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ABSTRACT 

Prescribed burning is a key management strategy within fire-adapted systems, and improved 
monitoring approaches are needed to evaluate its effectiveness in achieving social-ecological 
outcomes. Remote sensing provides opportunities to analyse the impacts of prescribed burning, 
yet a comprehensive understanding of the applications of remote sensing for prescribed burn 
research is lacking. We conduct a literature review of 120 peer-reviewed publications to 
synthesise the research aims, methodologies, limitations and future directions of remote sensing 
for the analysis of prescribed fire. Studies evaluating management outcomes found prescribed 
burning effective for wildfire risk reduction, yet few analysed co-benefits or trade-offs with other 
management goals. Most studies use passive, spaceborne, low spatial resolution sensors, char-
acterised in the literature as consistent and accessible data sources but limited in detecting small, 
low-severity and short-duration fires characteristic of prescribed burns. In contrast, active remote 
sensing approaches including LiDAR are less frequently employed, but show promise for highly 
accurate, spatially explicit 3D vegetation and fuel load mapping. Remote sensing advances toward 
higher spatial resolution, more frequent revisit, denser spectral sampling and more data across 
the electromagnetic spectrum are critical to advancing prescribed fire research, addressing 
current methodological gaps, and improving fuels and fire management capacity.  

Keywords: burnt area mapping, controlled burning, Earth observation, fire detection, fire 
ecology, fuels reduction, LiDAR, prescribed fire, satellite imagery, wildfire management. 

Introduction 

Fire plays a critical role in maintaining the health and functioning of fire-adapted 
ecosystems around the world. The disruption of fire regimes due to anthropogenic factors 
including fire suppression, climate change and land-use change negatively impacts fire- 
prone social-ecological systems (Bowman et al. 2009). Prescribed burning – the inten-
tional application of fire to the landscape to achieve management goals – is recognised as 
a means of reintroducing or maintaining fire regimes within fire-adapted ecosystems, 
thus promoting ecosystem resilience (Stephens et al. 2012; Ryan et al. 2013; Hunter and 
Robles 2020). Additionally, prescribed burning is a key component of wildfire manage-
ment, reducing hazardous fuel loads and altering wildfire risk (Fernandes and Botelho 
2003; McWethy et al. 2019). As climate change continues to drive larger and more 
frequent wildfires in some parts of the globe (Jolly et al. 2015; Abatzoglou and Williams 
2016; Pausas and Keeley 2021), the research community has advocated for increased 
prescribed burning as a hazard reduction strategy with ecological co-benefits (Kolden 
2019). Given growing interest in scaling up hazardous fuels treatments and renewed 
policy attention, research is needed to evaluate and implement prescribed burning as a 
multi-objective conservation and climate change adaptation strategy. 

To effectively evaluate prescribed burn outcomes, monitoring across multiple spatial 
and temporal scales is often necessary owing to the heterogeneity and long-term impacts 
of fire on the landscape (Turner et al. 1994; Webster and Halpern 2010). These factors 
impact the feasibility of in situ measurements, hindering data acquisition and analysis. In 
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response, remote sensing has become increasingly common 
in fire ecology and management, serving as an important 
data source for evaluating landscape-scale impacts of fire. 
Using radiation absorbed or reflected passively from the 
Earth’s surface or from active pulses emitted from sensors, 
remote sensing has been used for a range of pre-fire, active- 
fire and post-fire research applications. These include active 
fire detection (Xu and Zhong 2017), burn severity assess-
ment (White et al. 1996; Eidenshink et al. 2007; Parks et al. 
2014; Veraverbeke et al. 2014), smoke and emissions mon-
itoring (Li et al. 2015), carbon monitoring (Xiao et al. 2019), 
fuels (Saatchi et al. 2007; Stavros et al. 2018) and fuel 
moisture content analysis (Qi et al. 2012; Yebra et al. 
2013; Xie et al. 2022), and post-fire vegetation recovery 
monitoring (van Leeuwen et al. 2010; Kibler et al. 2019). 

Although studies have synthesised the applications of 
remote sensing for wildfire (Leblon et al. 2016; Veraverbeke 
et al. 2018; Szpakowski and Jensen 2019), defined as 
unintentional fires that escape management, similar efforts 
for prescribed fire are lacking. As discussed by Hiers et al. 
(2020), differences between wildfire and prescribed burning, 
such as physical characteristics of the burn and the resulting 
effect on the landscape, imply unique monitoring needs. For 
example, in regions including the US West, Canada and 
Australia, prescribed burns tend to be smaller and shorter- 
duration burns than unmanaged wildfire (Knapp et al. 2009), 
leading to differences in remote sensing detectability 
(Wooster et al. 2021) and the temporal scale of post-fire 
recovery trajectories (Volkova et al. 2019). Often, prescribed 
fire results in lower burn severity – defined here as the loss of 
or change in aboveground and belowground organic matter, 
while recognising that individual studies use various metrics 
to measure severity (Keeley 2009). Prescribed burns may have 
multiple ignition points (Molina et al. 2022) and may be 
implemented when conditions are optimal for containment 
(Baijnath-Rodino et al. 2022), potentially leading to different 
duration, seasonality, spatial patterns and progression than 
wildfires (Boer et al. 2009). As a result of unique physical 
characteristics, prescribed burns and wildfire differ in their 
landscape-scale effects. Wildfires may result in severe ecolog-
ical damage leading to type conversions (Syphard et al. 2019;  
Coop et al. 2020; Davis et al. 2020), loss of human life and 
impacts to health (Kochi et al. 2010) and damaged infra-
structure (Mietkiewicz et al. 2020), whereas prescribed fires 
are intended to result in hazardous fuel reduction (Fernandes 
and Botelho 2003) and protection of endangered species hab-
itat and biodiversity through refugia, corridors and variable 
stand ages on the landscape (Kennedy et al. 2008; Ryan et al. 
2013; Meddens et al. 2018). Therefore, the assumption that 
remote sensing approaches for wildfire research are appropri-
ate for prescribed burn research requires further investigation. 

To address this gap, we ask: (1) which remote sensing 
methods and data streams have been applied in prescribed 
burn research? (2) What are the research aims of studies 
using remote sensing to analyse prescribed burns? (3) What 

do remote sensing studies conclude about the impacts of 
prescribed burning? (4) What do studies conclude about the 
effectiveness of remote sensing products and sensors for 
prescribed burn research? The objective of this paper is to 
highlight current knowledge, identify gaps and outline paths 
forward to improve understanding of prescribed burn 
impacts on the landscape as well as remote sensing methods 
to monitor multiple management goals. We find that remote 
sensing methods that are deemed fully operational for wild-
fire research have important limitations for prescribed burn 
research owing to reduced detection of small, short-duration 
and low-severity fires. We highlight that the ideal combina-
tion of measurement objectives for prescribed burn research 
may require a unique constellation of platforms to improve 
science and management. 

Methods 

Remote sensing context 

There are several remote sensing instruments that provide 
publicly available and commercial data to observe fire and 
its environmental effects. Government-owned and freely 
available data can come from aircraft instruments, the 
International Space Station (ISS) or free-flying satellites. 
Aircraft or unmanned aerial systems (UAS) can host both 
active and passive instruments including Light Detection 
and Ranging (LiDAR), context cameras, imaging spectro-
meters such as AVIRIS (Airborne Visible/infrared Imaging 
Spectrometer) (Green et al. 1998; Chapman et al. 2019) and 
thermal radiometers including HyTES (Johnson et al. 2011) 
and MASTER (Hook et al. 2001). There are instruments 
hosted on the ISS such as NASA’s ECOSTRESS (Fisher et al. 
2020) and EMIT (Green et al. 2020). ‘Free-flying’ spacecrafts 
and instruments include the US Geological Survey (USGS) 
Landsat Sustained Land Imagers (National Research Council 
2013), NASA’s Aqua and Terra Moderate Resolution Imaging 
Spectroradiometers (MODIS; Barnes et al. 2003), NOAA’s 
Geostationary Operational Environmental Satellites (GOES;  
Davis 2007), and Visible Infrared Imaging Radiometer Suite 
(VIIRS; Murphy et al. 2006), and the European Space 
Agency’s Sentinel series of active and passive sensors 
(Showstack 2014). 

Although the suite of these instruments, among many 
others, has been used to assess pre-, active and post-fire 
conditions, the utility of these instruments for prescribed 
fire research has been relatively less explored than their 
utility for wildfire research. Because each remote sensing 
mission has unique measurement objectives and operations, 
spanning a range of spatial resolutions, temporal revisit, 
sensitivity to pre- or post-fire conditions and mission dura-
tion, there is a need to better understand the specific capa-
bilities and limitations of remote sensing for prescribed burn 
applications. 
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Review procedure 

We compiled peer-reviewed journal articles using the fol-
lowing keyword search under ‘TOPIC’ within Web of Science 
(all databases) on 9 February 2022: (‘prescribed burn*’ OR 
‘prescribed fire*’ OR ‘controlled burn*’ OR ‘cultural burn*’ 
OR ‘hazard reduction burn*’) AND (‘remote sensing’ OR 
‘remotely sensed’). The search returned 268 studies pub-
lished between 1993 and 2022 (Fig. 1). We acknowledge 
that the keywords may bias our results to English-speaking 
countries (Trisos et al. 2021), and that focusing on peer- 
reviewed literature omits relevant information from sources 
including Traditional Ecological Knowledge that is often not 
written (Shuman et al. 2022), and grey literature that is less 
accessible. Given our objective to evaluate research aims and 
outcomes specifically using remote sensing data, we chose to 
limit the scope of the review to peer-reviewed studies. 

For this review, we define remote sensing broadly as a 
terrestrial (i.e. tower or tripod), airborne (i.e. aircraft or 
UAS), or spaceborne (i.e. free flying or on the ISS) platform 
that acquires information about an object without making 
physical contact. By applying the limited search query 
‘remote sensing’ or ‘remotely sensed’, we constrained the 
review to studies that self-identified as using remote sensing 
approaches, avoiding the inclusion of specific search terms 
(e.g. Landsat, LiDAR) that could bias the results toward 
these methods. We included cultural burns in our search 
terms, a component of Indigenous fire management distinct 
from the Western tradition of prescribed burning (Adlam 
et al. 2022). Despite key differences in their history and 
practice, research has begun to investigate collaborations 
between Western land managers and Indigenous fire practi-
tioners using cultural burning to reduce wildfire impacts 
(Lake et al. 2017; Marks-Block and Tripp 2021). 

Two authors independently reviewed each abstract to 
determine whether the inclusion criteria were met: (1) the 
study utilised remote sensing, and (2) the remote sensing 
approach was applied to a prescribed burn. The authors 
agreed on inclusion criteria for 245 abstracts (intercoder 
reliability = 91.4%), and consensus was reached for the 
remaining 23 papers through discussion. The abstract review 
resulted in the inclusion of 139 studies, which were randomly 
assigned to one author for full review (Fig. 1). Based on the 
full reading, an additional 19 papers were excluded because 
they did not meet the criteria or were conference proceeding 
papers, which were excluded for consistency. Our review 
procedure resulted in full coding and analysis of 120 studies 
(see Data sources in the Supplementary material). 

Data extraction 

For each study, we extracted the following data for all 
remote sensing methods that contributed to the analysis of 
prescribed burning: study area (country, geographic loca-
tion, land use type), remote sensing characteristics (data 
product, data type, spatial and spectral resolution, temporal 
revisit time), study aim(s) and study findings. Additionally, 
we extracted information on the prescribed burn feature 
analysed, which describes the characteristic of the pre-
scribed fire about which the remote sensing platform 
acquired information (see Supplementary Table S1 for a 
full list of data extraction categories and their descriptions). 

To address Research Question 1, we categorised and coded 
information to facilitate cross-study comparison. Remote sens-
ing platforms were classified as terrestrial, airborne, or space-
borne, while sensors were categorised as active (providing 
their own energy source for illumination) or passive (measur-
ing energy that is naturally available) (Horning 2008). The 
passive sensors were further categorised as recording reflec-
tance in the visible (400–700 nm), near-infrared (NIR: 
700–1400 nm), short-wave infrared (SWIR: 1400–3000 nm), 
mid-wave infrared (MIR: 3000–5000 nm), or thermal or long- 
wave infrared (TIR: 8000–14,000 nm) portions of the electro-
magnetic spectrum. Spatial resolution was categorised as very 
high (<0.5 m), high (0.5–2 m), moderate (2–29.9 m) and low 
(≥30 m) (Navulur 2006). Land-use types were determined 
based on two existing classifications: global biomes (Olson 
et al. 2001) and anthropogenic biomes (Ellis and Ramankutty 
2008) to encompass both natural and human-dominated land 
use types respectively. The prescribed burn features analysed 
with remote sensing approaches were coded into five catego-
ries: active fire, burned area, vegetation characteristics, smoke 
and soil features (Table S2). 

Content analysis 

To address Research Questions 2–4, we conducted a content 
analysis of study research aims and findings only including 
those research aims that were addressed with the use of 
remote sensing. Whereas some studies utilised remote 

Literature search

Pre-screen

Full screen

Content analysis

Articles published within Web of Science
databases identi�ed with selected keywords

n = 268

Abstracts reviewed by two authors for
inclusion criteria

n = 139

Irrelevant studies and
datasets excluded: n = 129

Irrelevant studies and
proceedings papers

excluded: n = 19
Articles reviewed and data extracted

n = 120

Extracted data are used to categorise
research aims and �ndings

Fig. 1. Flowchart of literature review procedure. Following keyword 
searches in Web of Science databases and a pre-screening process, a 
full screening and content analysis of 120 studies was conducted.   
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sensing to address research aims related to prescribed burn-
ing (e.g. using satellite imagery to evaluate prescribed fire 
severity), other studies had research aims related to the 
remote sensing methodologies themselves (e.g. comparing 
LiDAR data of post-fire vegetation structure with field- 
based observations). Given this diversity, we developed 
two subgroups to facilitate comparison of comparable con-
tent: ‘prescribed burn research aims’ and ‘remote sensing 
research aims’. Partitioning allowed for subgroup analysis, 
a meta-analytic methodology to characterise differences by 
dividing studies into characteristic groups (Mikolajewicz and 
Komarova 2019). 

We applied an inductive analysis approach to the research 
findings in each subgroup, grouping qualitative data into a 
reduced number of emergent categories (Kyngäs 2020). For 
research aims evaluating the impact of prescribed burning on 
a management goal, the results were categorised as: ‘positive 
impact’, ‘neutral impact’ or ‘negative impact’ for the respec-
tive management goal (e.g. wildfire risk reduction). For 
research aims evaluating remote sensing performance, the 
results were categorised as: ‘effective, ‘limited effectiveness’, 
or ‘ineffective’. In each case, the categorisation was based on 
analysis of the direct language used in the studies to char-
acterise their findings. 

Results 

Spatiotemporal trends 

Peer-reviewed studies utilising remote sensing for the anal-
ysis of prescribed burns have substantially increased in 
number over the past three decades. Whereas the earliest 
study that met our inclusion criteria was published in 1993, 
half of the included studies were published in 2016 or later 
(Fig. 2). Published study sites span 21 countries (with one 
additional study conducted at an intercontinental scale of 32 
countries) but are highly unevenly distributed (Fig. 3). The 

United States is the most represented country (n = 72), 
followed by Australia (n = 26) and Brazil (n = 4). 

There was less representation of anthropogenic land use 
types (27.5% of studies) compared with natural land use 
types (94.2% of the studies). The anthropogenic biomes 
(‘anthromes’) represented were rangelands (25.0% of stud-
ies), croplands (14.2% of studies) and urban areas (0.8% of 
studies). The 120 studies analysed covered all natural ter-
restrial biomes except mangroves; however, nearly half 
(46.7%) covered temperate conifer forests. At a coarser 
spatial resolution, forests were the most represented land 
cover type: 74.2% of studies covered biomes that included 
forested land. 

Remote sensing trends 

Within the 120 studies, we identified 192 remote sensing 
methods, as 41 studies used multiple methods to analyse 
prescribed burns. Spaceborne platforms were the most com-
mon (n = 122), followed by airborne (n = 38) and terres-
trial (n = 32) platforms. The most frequently used 
spaceborne platforms were Landsat (n = 44) and Aqua 
and Terra using the MODIS instrument (n = 30). The 
majority of sensors had a low spatial resolution of ≥30 m 
(n = 112), in comparison with numbers for high resolution 
in the range of 0.5–2 m (n = 54) or moderate resolution 
sensors between 2 and 29.9 m (n = 26). 

Passive sensors (n = 159) were much more commonly 
used than active sensors (n = 33) for prescribed burn 
research applications. Passive remote sensing data were 
most frequently collected in the visible and NIR wave-
lengths. Data collected in the SWIR were also relatively 
common, but fewer studies utilised data collected in the 
MIR and TIR (Fig. 4). LiDAR was the most frequently used 
active remote sensing method (n = 24), followed by radio 
detection and ranging (radar) (n = 6) and sonic detection 
and ranging (sodar) (n = 3). LiDAR is a remote sensing 
method that uses a pulsed laser to measure distances, which 
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Fig. 2. Annual publications using 
remote sensing for prescribed burn 
research. Total number of publications 
has significantly increased since the first 
identified study in 1993. More studies 
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remote sensing or combinations of 
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Note that only studies published prior 
to our search (9 February) are included 
for 2022.    
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can generate three-dimensional data on the height, shape 
and structure of surface characteristics including vegetation. 
Active remote sensors tended to be mounted on terrestrial 

(n = 16) or airborne platforms (n = 13). Spaceborne active 
remote sensors were much less common (n = 4) and included 
Sentinel-1 Synthetic Aperture Radar (SAR) and PALSAR-2. 

Number of papers

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, TomTom, Zenrin

72

1

Fig. 3. Map of the number of studies by country. Most included countries had coverage by a single study. The countries with the 
most coverage are the USA (n = 72), Australia (n = 26) and Brazil (n = 4). The total number of studies by country sums to more than 
the number of included studies as some studies span multiple countries.    

S
p

at
ia

l r
es

o
lu

ti
o

n

Spectral coverage of passive sensors

Distribution of spatial & spectral
characteristics Primary applications

Vegetation characteristics (e.g. PB
effectiveness in reducing woody cover
encroachment)

Landscape and climate characteristics (e.g.
spatiotemporal patterns in PB use, PB
effectiveness in reducing future fire
occurrence, PB impacts to air quality)

Insufficient information

Visible NIR SWIR MWIR Thermal

Lo
w

H
ig

h
M

ed
iu

m

57 61
51

31 38

15 15
11 2 2

19 12
1 2 10

Fig. 4. Coverage and spatial resolution of passive remote sensing approaches in the literature. The reviewed studies utilised data from sensors 
with variable spatial resolutions and spectral coverages, resulting in different applications for prescribed burn (PB) research. Here, remote sensors 
are categorised based on their spatial resolutions (high, 0.5–2 m; moderate, 2–29.9 m; low, ≥30 m) and spectral coverage (visible, 400–700 nm; NIR, 
700–1400 nm; SWIR, 1400–3000 nm; MWIR, 3000–5000 nm, thermal, 8000–14,000 nm), and primary applications for sensors at each resolution level 
are detailed. Grey bars and associated values represent the number of sensors in each category, with the most common outlined in black. Many 
sensors span multiple spectral regions, resulting in row totals greater than the number of low, medium and high-resolution sensors.   

www.publish.csiro.au/wf                                                                           International Journal of Wildland Fire 33 (2024) WF23130 

5 

https://www.publish.csiro.au/wf


Remote sensing platforms and sensors have been used to 
evaluate many distinct features of prescribed burns, which 
we categorised into five feature classes: active fire, burned 
area, vegetation characteristics, smoke and soil features. 
Some remote sensing approaches were more commonly 
applied for observing particular feature classes, resulting in 
identifiable trends. For example, 57% of active remote sens-
ing instruments were used to analyse vegetation character-
istics including canopy height profiles and fuel loads, 
primarily driven by the frequent use of LiDAR for three- 
dimensional vegetation data. Although uncommonly utilised, 
all three instances of sodar identified in the literature were 
applied to the analysis of smoke characteristics such as plume 
height profiles and pyroconvection owing to the ability to 
measure wind and atmospheric turbulence (Charland and 
Clements 2013; Arreola Amaya and Clements 2020). Radar 
was most frequently used for burned area analyses, but also 
applied to smoke and vegetation features. Passive remote 
sensors were relatively evenly applied toward burned area 
features (n = 59), active fire features (n = 54) and vegetation 
features (n = 49), and much less commonly used for observ-
ing smoke and soil characteristics. 

Depending on the research aims and prescribed burn 
feature of interest within each study, remote sensing can be 
used pre-burn, during burn, post-burn, or across the burn 
cycle. Of the 192 remote sensing applications used across 
studies, 70 were used during a burn. Unsurprisingly, these 
applications were primarily used to evaluate active fire and 
smoke features. A total of 64 sensors were used at multiple 
time steps across the burn cycle to compare pre- and post-fire 
conditions or to evaluate landscape change over time, from 
seasonal to decadal scales. Studies using a combination of pre- 
and post-burn data predominantly focused on vegetation and 
burned area features, often using remote sensing derived- 
indices. For example, the differenced Normalized Burn Ratio 
(dNBR) was commonly used as a metric of burn severity (e.g.  
Soverel et al. 2011; Arkle et al. 2012; Petrakis et al. 2018;  
Srivastava et al. 2020). Whereas the Normalized Burn Ratio 
(NBR) is defined as the normalised difference ratio in reflec-
tance between the NIR and SWIR portions of the electromag-
netic spectrum, dNBR is calculated from the difference 
between post-fire NBR and pre-fire NBR and therefore requires 
multiple remote sensing acquisition time steps. Although 
sensors were frequently used at multiple stages of the fire 
cycle, 47 sensors were used only post-burn and eight were 
used only pre-burn. The pre-burn remote sensing applications 
were exclusively used to evaluate vegetation features, such as 
canopy height profiles (Kiefer et al. 2014) or land cover and 
fuel classifications (Clark et al. 2009; Wiens et al. 2009; Miao 
et al. 2011; Loudermilk et al. 2014; Liu et al. 2021). 

Study aims and findings: prescribed burning 

Seventy-three studies included research aims related to 
prescribed burning. These studies used remote sensing to 

evaluate impacts on social-ecological management objec-
tives (Impacts) or to improve understanding of prescribed 
burn patterns and processes (Understanding). Our inductive 
content analysis revealed 14 discrete research aims within 
the categories of Impacts and Understanding (Table 1). 

Effectiveness of prescribed burning for 
management goals 

Forty-seven studies evaluated the impact of prescribed burn-
ing on environmental management goals. Of these, the most 
frequently assessed goal was wildfire risk reduction (n = 19). 
All studies in this category found prescribed burning reduced 
wildfire risk, with the most common finding being reduced 
burn severity of subsequent wildfires. Primarily using passive, 
spaceborne platforms such as Landsat and indices such as the 
NBR or dNBR to evaluate burn characteristics, these studies 
found that prescribed burning reduced the incidence of late- 
season wildfires (Price et al. 2012), reduced post-wildfire 
changes in vegetation (Petrakis et al. 2018), and reduced 
the extent and severity of subsequent wildfires (Arkle et al. 
2012; Radford et al. 2020; Cansler et al. 2022). Studies 
evaluating fuels reduction used active remote sensing 
approaches such as LiDAR to assess vegetation characteristics 
(e.g. vertical structure of ladder fuels at multiple fuel heights). 
These studies found that prescribed burning increases fuel 
load fragmentation (Franke et al. 2018) and reduces fine 
fuel loads (Wells et al. 2021), fuel height (Skowronski et al. 
2007) and ladder fuels (Clark et al. 2009). 

Whereas remote sensing methods found prescribed burn-
ing effective for wildfire risk reduction, results differed for 
air quality impacts. Six studies evaluated air quality using 
passive, low-resolution, spaceborne approaches during 
active burns, with all but one finding negative air quality 
impacts from prescribed burning. However, Schweizer et al. 
(2019) identified prescribed burning as having a net positive 
impact on air quality, when considering the mitigated expo-
sure resulting from avoided wildfire emissions. Active fire 
characteristics (e.g. hotspot detections) or smoke character-
istics (e.g. smoke density, smoke-influenced days) were used 
to compute pollutant emissions or exposure levels, often in 
combination with air quality models. 

For the remaining management goals, impacts of pre-
scribed burning were inconsistent across studies. Seven 
studies found prescribed burning effective in reducing 
woody encroachment, whereas one study found the practice 
partially effective – slowing the increase of woody encroach-
ment, but not reducing it (Ansley et al. 2010) – and one 
found it ineffective (Bucini and Lambin 2002). Impacts of 
prescribed fire on vegetation were highly variable and 
dependent on ecosystem type, burn severity and seasonality. 
Similarly, the impacts on habitat quality depended on the 
study’s focal species. Few studies used remote sensing to 
investigate the effectiveness of prescribed burning on inva-
sive species management (n = 2), forage production 
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Table 1. Prescribed burn research aims. Categories and descriptions of research aims related to prescribed burning were determined from the 
content analysis.        

Category Prescribed burn 
research aim 

Description Studies 
citation 
number 

Platform trends Sensor trends (% passive)   

Impact Wildfire risk 
reduction 

Evaluates the impact 
of prescribed fire on 
fuel loads or 
subsequent wildfire 
behaviour (severity, 
intensity, extent) 

5, 12, 14, 17, 
25, 27, 55, 
70, 74, 75, 
78, 87, 90, 

92, 106, 108, 
110, 111, 116 

78.3%

Woody 
encroachment 
reduction 

Evaluates the impact 
of prescribed fire on 
woody 
encroachment of 
grassland systems 

4, 12, 60, 79, 
81, 85, 86, 

99, 105 81.3%

Vegetation Evaluates the impact 
of prescribed fire on 
vegetation features 
including vegetation 
change and recovery 

12, 39, 48, 
93, 100, 
107, 112 77.8%

Air quality Evaluates the impact 
of prescribed fire on 
air quality from 
smoke/emissions 

9, 40, 73, 89, 
118, 119 

100.0%

Wildlife habitat Evaluates the impact 
of prescribed fire on 
fauna habitat quality 
or suitability for a 
particular species 

47, 65, 
77, 78 

83.3%

Forage 
production 

Evaluates the impact 
of prescribed fire on 
forage provisioning 
services such as 
pasture availability or 
carrying capacity 

54, 94 

100.0%

Invasive species 
management 

Evaluates the impact 
of prescribed fire on 
invasive species 
management or 
restoration of 
invaded ecosystems 

54, 105 

100.0%

Watershed 
management 

Evaluates the impact 
of prescribed fire on 
watershed condition 
or recharge 

31, 91 

100.0%

Carbon storage Evaluates the impact 
of prescribed fire on 
carbon storage or 
fluxes 

59, 86 

66.6%

Soil Evaluates the impact 
of prescribed fire on 
soil properties or 
patterns 

85, 86 

50.0%

(Continued on next page) 
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(n = 2), water management (n = 2), carbon sequestration 
and storage (n = 2), or soil (n = 2). 

Understanding prescribed burning 

The second category of research aims addressed gaps in 
understanding prescribed burn physical patterns or processes. 
Understanding prescribed burn spatiotemporal patterns was 
the most common aim in this category (n = 11), with studies 
applying remote sensing methods to determine where and 
when prescribed burns occur on the landscape. For example, 
studies described the occurrence of prescribed burns at differ-
ent times of year (Tian et al. 2013), or in relation to human 
settlement patterns (Bucini and Lambin 2002; Temudo et al. 
2020). To do so, 50% of the remote sensors within this 
research aim were used to detect active fire features during 
burns to quantify prescribed fire counts or area. The evalua-
tion of prescribed burn spatiotemporal patterns was primarily 
conducted over large geographic scales (i.e. international, 
national, or regional scales) using passive low-resolution 
spaceborne sensors (but see Allen et al. 2016). 

Study aims and findings: remote sensing 

While some studies utilised remote sensing to address 
research questions about prescribed burning as detailed in 

the previous section, 82 studies contained research aims 
related to the remote sensing methods themselves (Table 2). 
As shown in Table 2, the vast majority evaluated the perform-
ance of the remote sensing methodology for its intended 
prescribed fire application (Performance evaluation), with 
the most common aim being evaluation of a product or sensor. 
To explore the effectiveness of remote sensing products or 
sensors for prescribed fire research, we focus on this research 
aim for the remaining analysis. However, some studies eval-
uated the performance of other aspects of remote sensing 
methodologies including indices (n = 15) such as the NBR 
and Normalized Difference Vegetation Index (NDVI). The 
same number of studies (n = 15) evaluated the performance 
of a remote sensing algorithm or predictive model, including 
image classification techniques. Few studies addressed other 
topics including using remote sensing data to validate a 
model (validation), describing a remote sensing approach 
(descriptive), or assessing the usability of remote sensing for 
stakeholders or land managers (usability). 

Performance evaluation of remote sensing 
products and sensors 

The most common research aim we identified in the litera-
ture was the performance evaluation of a remote sensing 
product or sensor. The 48 studies in this category included 

Table 1. (Continued)       

Category Prescribed burn 
research aim 

Description Studies 
citation 
number 

Platform trends Sensor trends (% passive)   

Understanding Spatiotemporal 
patterns 

Aims to understand 
where and/or when 
prescribed fire 
occurs on the 
landscape 

1, 11, 12, 20, 
50, 51, 68, 

69, 76, 
102, 103 

100.0%

Smoke plumes Aims to understand 
prescribed fire 
smoke plume 
characteristics, 
dynamics, or 
structure 

7, 8, 16, 18, 
42, 43, 58, 

114, 115 27.3%

Fire dynamics Aims to understand 
prescribed fire 
behaviour or 
progression, such as 
rate and direction of 
spread 

7, 15, 22, 
57, 115 

85.7%

Fuel dynamics Aims to understand 
prescribed fire fuel 
consumption 
patterns or 
combustion 
properties 

36, 37, 53, 
88, 93 

75.0%

Figure includes remote sensing trends for each research aim, including platform trends (blue, spaceborne; orange, airborne; grey, terrestrial) and sensor trends (% of sensors 
that are passive). The remote sensing trends include all sensors used for the research aim, which may sum to a total greater than the number of studies in cases where studies 
used multiple remote sensors. The citation numbers refer to the Data Sources in the supplementary material, which lists the 120 studies included in the review analysis.  
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78 products/sensors. However, performance findings were 
unavailable for five sensors, resulting in 73 analysed sensors 
(12 active, 61 passive). In the results that follow, effective 
performance indicates the remote sensing approach was 
deemed fit for use for its intended purpose. Limited effective-
ness indicates the study identified benefits and limitations, 
while ineffective performance indicates that the study deter-
mined the remote sensing method was not fully operational 
for its intended purpose owing to significant limitations. 

Approximately 40% of the evaluated products or sensors 
were identified as effective for their prescribed burn 
research uses (n = 29). Notably, 83.3% of active sensors 
were deemed effective, compared with only 31.1% of pas-
sive sensors (Fig. 5). Of the active remote sensors, LiDAR 
was effective for identifying fire-induced forest understorey 
change (Gupta et al. 2015), producing spatially explicit 
high-resolution fuel bed height measurements (Rowell 
et al. 2015) and estimating fuel consumption (Hudak et al. 
2020). A key advantage of LiDAR in comparison with 
passive remote sensing approaches was the ability to map 
three-dimensional vegetation structure. Radar was found, in 
multiple instances, to perform positively for smoke plume 
analysis (McCarthy et al. 2018; Aydell and Clements 2021). 

A variety of low-resolution, passive spaceborne sensors 
also performed effectively for their prescribed burn applica-
tions. Landsat was able to differentiate between wildfire and 
prescribed fire disturbance with 80% accuracy (Nguyen et al. 
2018), contribute to useful fuel maps for management (Franke 
et al. 2018) and detect vegetation cover changes resulting 
from prescribed burns (Goodrich et al. 2020). However, 
Landsat (along with MODIS) is a near-polar orbiting satellite, 
and thus provides more limited temporal coverage. 
Geostationary satellites, such as GOES, provide continuous 
coverage of a specific area over time and thus may be advan-
tageous for prescribed fire monitoring. Indeed, in one study 
comparing GOES and MODIS, GOES outperformed MODIS for 
detection of small fires (Soja et al. 2009). Some spaceborne 
sensors (e.g. Sentinel-2A) performed positively in combination 
with additional data sources such as in situ fuel load data 
(Wells et al. 2021), or to supplement bottom–up data sources 
such as prescribed burn inventories (Zeng et al. 2016). 

Approximately 42% of sensors had limited effectiveness 
for their prescribed fire applications (n = 31); 16.7% of 
active sensors analysed were identified in this category, 
compared with 41.4% of passive sensors. This group is 
predominantly characterised by low-resolution, spaceborne, 

Table 2. Remote sensing research aims. Categories and descriptions of research aims related to remote sensing were determined from the 
content analysis.      

Category Remote sensing 
research aim 

Description Studies citation number   

Performance 
evaluation 

Remote sensing 
product/sensor 

Evaluates whether a remote sensing product or sensor 
performed positively for its intended purpose 

3, 8, 10, 11, 21, 23, 26, 27, 30, 31, 33, 35, 36, 37, 40, 
41, 49, 52, 54, 55, 57, 58, 61, 63, 66, 67, 68, 71, 72, 
73, 80, 82, 83, 84, 86, 88, 90, 92, 95, 98, 102, 103, 

108, 109, 111, 118, 119, 120 

Remote sensing index Evaluates whether a remote sensing index (e.g. NBR, 
NDVI) performed positively for its intended purpose 

6, 19, 28, 34, 48, 62, 64, 71, 96, 97, 98, 100, 101, 
105, 107 

Remote sensing 
algorithm or predictive 
model 

Evaluates whether a remote sensing algorithm or 
predictive model performed positively for its intended 
purpose 

15, 16, 30, 38, 44, 45, 46, 53, 56, 61, 83, 91, 96, 
104, 107 

Remote sensing 
platform 

Evaluates whether a remote sensing platform (the 
structure or vehicle on which the instrument is 
mounted) performed positively for its intended purpose 

21, 117 

Model using remote 
sensing inputs 

Evaluates whether a model that uses remote sensing 
data as an input performed positively for its intended 
purpose 

43 

Validation Model validation Uses remote sensing as observational data to compare 
or validate model outputs 

18, 24 

Descriptive Remote sensing 
approach 

Describes a remote sensing approach, such as the 
history, context, or applications of the remote sensor 

76, 81 

Spectral features Describes spectral features or identifies changes in the 
electromagnetic radiation (EMR) related to prescribed 
burning 

32 

Usability Stakeholder usability Evaluates the usability or utility of a remote sensing 
approach for stakeholders including natural resource or 
emergency service managers 

2, 13, 29, 113 

The citation numbers refer to the Data Sources supplementary material, which lists the 120 studies included in the review analysis.  

www.publish.csiro.au/wf                                                                           International Journal of Wildland Fire 33 (2024) WF23130 

9 

https://www.publish.csiro.au/wf


passive sensors (n = 23), which performed well for some 
aspects of the study research aims (acceptable accuracy and 
large spatial coverage) but also faced important constraints 
in their utility for prescribed burn research (omission errors 
for small or low-severity burns). Passive satellite remote 
sensing can provide coverage over large spatial scales and 
in data-scarce areas in which in situ data are particularly 
challenging to collect. However, limitations accompanying 
large spatial coverage include potential trade-offs with spatial 
detail. For example, Rauste et al. (1997) discuss that despite 
the coverage advantages of spaceborne remote sensing 
approaches for fire applications, they cannot entirely replace 
the function or benefit of aerial monitoring. Satellite instru-
ments in this category tended to perform well for capturing a 
large proportion of fires (Soja et al. 2009) but were specifi-
cally limited in their detection of smaller and less severe fires. 
Although studies tended to reflect positively on the overall 
levels of accuracy in satellite-based fire detection, many 
noted that omission errors for small low-severity burns pri-
marily impact detection of prescribed fire rather than wild-
land fire (e.g. Pouliot et al. 2008). Despite important aspects 
of positive performance noted across studies, the limited 

ability of such sensors to capture smaller, lower-severity 
fire disproportionately impacts their utility for prescribed 
burn detection and research applications. 

Relatively few products or sensors were found ineffective 
for their intended applications (n = 13). Of the passive 
sensors analysed, 25.9% were found ineffective, while no 
active sensors were identified in this category. Common 
reasons for poor performance included those similar to the 
limitations noted above. However, their placement in the 
‘ineffective’ category rather than the ‘limited effectiveness’ 
category reflects that the limitation is more severe or more 
fundamental to the aim of the study, or the remote sensing 
approach lacks a benefit that outweighs or justifies the limi-
tation. In such cases, the remote sensing instrument was 
deemed ineffective for its intended use. Significant under-
estimations of burned area, unacceptably high errors of 
omission or commission of active fire, and lack of calibration 
with ground data were common shortcomings. For example, 
one study by Huang et al. (2018) compared two remote 
sensing-derived products (Blended Polar Geo Biomass 
Burning Emissions Product and Global Fire Emissions 
Database) with prescribed burn permit data, finding that 
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both products significantly underestimated prescribed burns. 
Their study specifies two common underlying causes of 
inaccurate fire detections that apply to many other studies: 
mismatches between the small size of prescribed burns and 
the spatial resolution of the sensor, and mismatches between 
the short duration of prescribed burns and the temporal 
resolution (frequency of overpass time) of the sensor. Most 
sensors in this category (n = 9) were used to analyse active 
fire features (i.e. fire radiative power, fire radiative energy), 
suggesting gaps remain in prescribed burn hotspot detection. 

Discussion 

Informing prescribed fire management with remote 
sensing 

Interest in using and evaluating remote sensing for pre-
scribed burn research has substantially increased in recent 
years, and applications continue to expand. Most studies 
have used passive, low-resolution, spaceborne remote sensing, 
with a smaller number of studies applying active or high- 
resolution sensors in recent years. Studies relying on remotely 
sensed data found prescribed burning effective for several 
management goals, at least in the limited regions and land 
cover types where studies were conducted, such as forests in 
the USA and Australia. The geographic skew may be a result 
of reviewing studies published in the English language. 
However, the USA (McWethy et al. 2019) and Australia 
(Johnston et al. 2021) have faced record-breaking fire seasons 
in the past several years that may result in relatively higher 
interest in prescribed burn research in these locations. 
Additionally, the overrepresentation of forest ecosystems in 
the literature may be due to prioritisation of mitigating severe 
wildfire in forested lands, or difficulties characterising vege-
tation with remote sensing in grasslands or other short- 
statured vegetation communities (Franke et al. 2018). 

The most common prescribed burn research aims were 
(1) evaluating the effectiveness of prescribed fire for wildfire 
risk reduction, and (2) understanding spatiotemporal pat-
terns of prescribed fire. These findings reflect current priori-
ties within prescribed fire research and management and 
highlight existing gaps in the ability to effectively monitor 
prescribed fire. The focus in the literature on wildfire risk 
reduction aligns with recent policy and planning efforts in 
fire-adapted landscapes such as the Western US. For exam-
ple, the recently released USDA Forest Service Wildfire Crisis 
Strategy aims for an additional 20 million acres (80937 
square kilometers) of fuel reduction treatments on National 
Forest lands in the US West to achieve wildfire risk reduction 
goals (USDA 2022). The findings of studies included in this 
review highlight that remote sensing methods contribute to 
the growing body of evidence on the effectiveness of pre-
scribed fire in reducing and altering subsequent wildfire risk. 
All studies that evaluated prescribed burn effectiveness for 

wildfire risk reduction found the treatment to be effective, 
which aligns with results from studies utilising in situ data 
(e.g. Fernandes 2015; Prichard et al. 2010; Weston et al. 
2022). However, the fact that the second most common 
research aim is understanding spatiotemporal patterns points 
to a continued interest and need for accurate, consistent 
remote sensing methods for prescribed burn detection across 
large spatial scales. Accurate and timely detection of pre-
scribed fire is a critical prerequisite for monitoring treatment 
effectiveness and impacts at the landscape scale, including 
for wildfire risk reduction goals. 

Although many studies used remote sensing to evaluate 
the effectiveness of prescribed burning for management goals, 
very few (n = 6) considered prescribed burning impacts on 
multiple management goals, resulting in a lack of information 
on potential co-benefits and trade-offs between priorities. 
Prescribed fires can affect various management objectives, 
including air quality, carbon storage and habitat for wildlife, 
among others. In the US, these objectives have legal implica-
tions for compliance with the Endangered Species Act and air 
quality levels set by regional regulatory bodies (Schultz et al. 
2019; Stephens et al. 2019). The potential for trade-offs and 
co-benefits between different management objectives high-
lights the importance of developing robust methods for assess-
ing the socio-environmental impacts of prescribed burning. 
Within this review, we identified studies using remote sensing 
methods to evaluate a wide range of management goals 
including: wildfire risk reduction, forage production, invasive 
species management, watershed management, woody 
encroachment reduction, air quality, habitat quality, carbon, 
soil and vegetation management. Given the diverse applica-
tions of remote sensing for prescribed burn research demon-
strated in existing studies, using remote sensing to evaluate 
multiple management goals is possible, albeit currently under-
utilised. In addition to limited coverage of multiple impacts, 
some individual impacts were infrequently assessed in the 
literature. Studies using remote sensing to evaluate prescribed 
fire impacts on invasive species management, forage produc-
tion, watershed management, soil and carbon were particu-
larly limited. Gaps may be due to the relative difficulty of 
remotely sensing these impacts. For example, challenges in 
accurately quantifying biomass may affect the number of 
studies remotely sensing impacts of prescribed fire on carbon 
stocks. However, recent remote sensing advances such as 
spaceborne LiDAR may aid future efforts to evaluate pre-
scribed fire impacts on carbon (Leite et al. 2022) and other 
understudied management priorities. 

When using remote sensing to evaluate the effectiveness 
of prescribed burning, selecting appropriate counterfactuals 
is critical. Most studies compared the impacts of prescribed 
burning with a counterfactual of ‘no fire’ (for example, 
comparing wildlife habitat quality within a prescribed fire 
with habitat quality in an unburned area). However, the 
assumed lack of wildfire may be an inaccurate counter-
factual in locations likely to experience frequent and/or 
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severe wildfires. In such cases, explicitly accounting for the 
probability of severe fire – as well as the use of prescribed 
burning to reduce subsequent wildfire severity – may be 
necessary for estimating net impacts. For example, only 
one study assessing air quality impacts compared emissions 
from a prescribed burn with a high-intensity wildfire, con-
cluding that prescribed burning mitigates net smoke expo-
sure (Schweizer et al. 2019). The latter study highlights that 
although prescribed burns are not without risks or trade-offs, 
alternative scenarios such as unmitigated wildfire also pres-
ent risks that must be evaluated. There may be trade-offs in 
short-term impacts (e.g. reduced air quality, carbon emis-
sions) from prescribed fire that need to be weighed against 
long-term impacts when more severe fires occur with greater 
fuel buildup (Cary et al. 2017). For example, in fire-adapted 
systems, forests can re-sequester carbon within 7 years 
following low-severity fire expected from prescribed burn-
ing, whereas carbon re-sequestration can take over a century 
after a stand-replacing fire (Kashian et al. 2006). Remote 
sensing of multiple metrics and for multiple management 
goals can aid in the integration of public health and climate 
mitigation considerations into prescribed fire research and 
management. 

Informing remote sensing mission requirements for 
prescribed fire 

The most common research aim among studies in the review 
was the performance evaluation of a remote sensing product 
or sensor, reflecting ongoing interest and effort in developing, 
evaluating and applying remote sensing methods to the anal-
ysis of prescribed fire. Although remote sensing approaches 
have been used in fire research for decades, applications 
tailored to prescribed burns are still in a stage of refinement 
and validation. 

We find that remote sensing methods typically applied to 
wildfire detection and analysis are also frequently applied to 
prescribed burns. The most common remote sensing data 
source identified in the literature is Landsat, which provides 
the longest continuous record of space-based satellite imag-
ery (Wulder et al. 2019). The long-term temporal continuity, 
which facilitates consistent analyses pre- and post-fire, may 
partially explain its widespread use within the literature. 
Using Landsat, Aqua/Terra MODIS, GOES and other optical 
and thermal satellite imagery has the advantage of spatial 
coverage, public access and consistent availability relative 
to airborne and terrestrial remote sensing, which contri-
butes to their utility for research and management. In addi-
tion to the convenience and accessibility of these methods, a 
number of studies found satellite data can detect prescribed 
burns at an accuracy level appropriate for management. 
However, what constitutes an appropriate level of accuracy 
likely depends on management goals, risk tolerance, techni-
cal capabilities and institutional capacity to act on availa-
ble data. 

Whereas some studies found that commonly used passive 
spaceborne remote sensors were effective for analysing pre-
scribed burns, others identified limitations as illustrated in  
Fig. 5. A constraint of using low spatial resolution satellite 
data for fire detection and impact evaluation is high errors of 
omission for smaller, shorter-duration and less severe fires, 
which disproportionately impacts prescribed burn detection 
and monitoring. We highlight this commonly identified con-
straint in Fig. 6, which demonstrates the use of Landsat 8 OLI 
imagery for burn severity analysis based on dNBR (Parks et al. 
2018). The three treatments (broadcast burns between 100 
and 200 acres, or 0.4 and 0.8 square kilometers,in Colorado, 
USA) show a range of detected severities from entirely 
unburned (Row 1) to moderate–high severity fire (Row 3). 
Although a systematic analysis would be needed to determine 
the proportion of prescribed fires detected and undetected by 
dNBR, Fig. 6 provides visual examples of both and, therefore, 
demonstrates the mixed levels of effectiveness found in the 
reviewed literature. 

Additionally, Fig. 6 highlights the utility of supplemen-
tary information to contextualise prescribed fire effects on 
the landscape; for instance, we show pre-and post-fire false- 
colour composite Landsat imagery of vegetation to visualise 
the vegetation density reduction resulting from each burn. 
As can be seen in Row 1, the prescribed burn classified as 
unburned had negligible impacts on overstorey vegetation, 
whereas the wildfire in Row 4 resulted in a visible reduction 
of vegetation density within the wildfire boundary. Further, 
the burn size, duration and severity may interact with other 
environmental and management-related characteristics, 
such as seasonality, cloud cover, vegetation type, canopy 
cover, or treatment heterogeneity. Therefore, additional 
remote sensing information such as pre- and post-fire vege-
tation or in situ data such as burn implementation method 
may inform remotely sensed burn severity analysis. Remote 
sensing approaches that extend beyond the applications 
demonstrated in Fig. 6 are needed to better account for 
the unique characteristics of prescribed fire. For example, 
considering specific fire effects metrics such as understorey 
biomass loss using multi-temporal terrestrial laser scanning 
(TLS) may supplement spectral indices derived from satellite 
imagery. Although spatial coverage of TLS data remains 
limited, efforts such as the Interagency LiDAR Monitoring 
and Research Applications (IntELiMon) program in the US 
aim to scale up automated processing and analysis. Existing 
methods from wildfire research that aim to advance burn 
severity analyses and impact evaluation by combining spec-
tral indices with active remote sensing data (e.g. Wulder 
et al. 2009; McCarley et al. 2017; Fernández-Guisuraga et al. 
2022) could be evaluated for their utility in prescribed fire 
contexts. 

Although all studies included in this review remotely 
sensed prescribed burns, some research aims were broadly 
interested in detecting or analysing multiple types of fire on 
the landscape, including wildfire. In such cases, studies may 
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have found the use of spaceborne, low-resolution, passive 
remote sensing to detect fire with an acceptable level of 
accuracy when considering all fire types. The limited ability 
to detect prescribed fire may not be of particular concern in 
cases where wildfire detection is the primary aim. However, 
for prescribed burn research specifically, the results reveal 
key trade-offs between remote sensors with large spatial or 
temporal coverage (typically, passive spaceborne sensors) 
and those with high spatial resolution (typically, active air-
borne/terrestrial sensors). 

Although we identified fewer instances of active remote 
sensing in the literature, active approaches show promise for 
enhancing prescribed burn research. Over 80% of analysed 
active sensors were found to perform positively, with LiDAR 
especially noted for the ability to map three-dimensional 
vegetation features pre- and post-fire. Active remote sensing 
data were generally described as highly accurate and spa-
tially explicit. In some cases, LiDAR was found more effec-
tive than in situ measurements owing to the ability to better 
capture landscape heterogeneity (Shrestha et al. 2021) and 

Pre-�re false
colour composite

vegetation

Undetected
prescribed burn

Partially-
detected

prescribed burn

Detected
prescribed burn

Wild�re

Differenced
Normalized
Burn Ratio

Post-�re false
colour composite

vegetation 

False colour composite vegetation

Differenced normalised burn ratio classi�cation

Near‐infrared band

Red band

Green band

Enhanced regrowth – high (–500 to –251)

Enhanced regrowth – low (–250 to –101)

Unburned (–100 to –99)

Low severity (100 to 269)

Moderate – low severity (270 to 439)

Moderate – high severity (440 to 659)

High severity (660 to 1300)

High-density
vegetation

Low-density
vegetation

Fig. 6. Example of differenced Normalized Burn Ratio for fire severity assessment: the following figure demon-
strates the use of 30-m Landsat 8 OLI to calculate the differenced Normalized Burn Ratio (dNBR) for three 
prescribed burns and one wildfire in Colorado, USA. dNBR was calculated using Google Earth Engine code from   
Parks et al. (2018). The burn perimeters for each fire are outlined in white. Rows 1–3 depict examples of prescribed 
burns of average size for the state of Colorado (100–200 acres) and the same treatment type (broadcast burning) 
with varying levels of detection. Row 4 comparatively depicts dNBR for a wildfire. All dNBR values are scaled by 103 

and reclassified based on a proposed severity classification from the US Geological Survey. All four burns occurred 
in forested land cover classes, visualised by the pre-fire false colour composite vegetation imagery obtained from 
Landsat. Impacts to vegetation from each burn can be seen in the post-fire false colour composite vegetation 
imagery, with denser vegetation cover represented as red and less dense vegetation cover represented as green. In 
Row 1, the prescribed burn (112 acres, completed 28 October 2021) was undetected based on the dNBR classification, 
and resulted in little to no detectable change in vegetation. In Row 2, the prescribed burn (104 acres, completed 13 
September 2014) was partially detected as a mix of unburned and low-severity pixels, with slight vegetation change. 
In Row 3, the prescribed burn (159 acres, completed 19 August 2019) was well detected with a mix of unburned, low 
and moderate severity pixels and resulted in visually reduced density of vegetation. In Row 4, the East Canyon Fire 
(2905 acres, contained 27 June 2020) burned a relatively larger area at higher severity that the prescribed fires, 
resulting in clear reduction of vegetation density within the wildfire boundary. The three prescribed burns shown 
here provide examples of the mixed effectiveness of dNBR for prescribed fire detection and burned area 
assessment, compared with larger and more severe wildfire.    
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non-destructively estimate fuel consumption (Hudak 
et al. 2020). 

Additionally, airborne remote sensing platforms can pro-
vide high spatial detail and have multi-sensor capacity that 
may be advantageous for prescribed fire applications. Of the 
38 airborne applications identified in our review, 28 (74%) 
had high-resolution data, 25 (66%) carried passive sensors 
and 13 (34%) carried active sensors. Although fewer air-
borne remote sensing applications (n = 10) were evaluated 
for their performance than spaceborne sensors (n = 53), 
60% performed positively. In one study evaluating the effec-
tiveness of airborne remote sensing approaches, UAS plat-
forms carrying passive sensors were evaluated as having 
limited performance but were found to be more effective 
when their data were combined with active sensors to create 
multispectral–LiDAR and hyperspectral–LiDAR fusion prod-
ucts (Sankey et al. 2021). The fusion of multiple forms of 
data, including active–passive and terrestrial–airborne, pres-
ents unique opportunities to better align remote sensing 
data with prescribed burn research aims. 

However, there are also barriers to the application of 
current active remote sensing approaches for prescribed 
fire research, despite effective performances. The spatial 
and temporal coverage of studies using active sensors 
tended to be more limited than studies using passive space-
borne imagery. Spaceborne active remote sensing (e.g. 
Sentinel, PALSAR-2) was uncommon in the literature com-
pared with terrestrial and airborne sensors. Although sodar 
and radar tended to perform effectively in the literature, the 
low number of studies using these methods limits general-
isations about their utility. Additionally, studies often did 
not address the high resource intensiveness or financial cost 
associated with the use of active remote sensing methods, 
which may present barriers to research and management 
communities. Although such barriers often apply to remote 
sensing generally, the accessibility and familiarity of more 
common passive platforms like Landsat – and their integra-
tion with cloud-based computing platforms such as Google 
Earth Engine (Gorelick et al. 2017) – may offer advantages 
in terms of the relative ease of conducting research. 
Expanding the applications of active remote sensing for 
prescribed burn research has the potential to complement 
the use of passive imagery by providing increased accuracy 
(e.g. higher spatial resolution) and detail (e.g. vegetation 
structure) (Stavros et al. 2018). 

Most sensors deemed effective for their prescribed burn 
applications analysed vegetation features (e.g. land cover, 
fuel height) while a majority of ineffective sensors analysed 
active fire features (e.g. fire radiative power). This suggests 
that remote sensing applications for vegetation monitoring 
are more well established compared with applications par-
ticular to prescribed burn monitoring and detection. Active 
remote sensing methods for vegetation analysis appear 
transferable to prescribed burn research, whereas tailored 
fire applications may require additional development to 

increase accuracy. The emitted spectral radiance from flam-
ing fires peaks in the MIR spectral region, making it advan-
tageous for hotspot detection (Leblon et al. 2016). Given the 
relatively low number of sensors that performed positively 
for active fire features in this review, expanding the use of 
MIR sensors may advance analysis of active fire features in 
prescribed burn research. Additionally, active remote sens-
ing tends to be applied to different prescribed burn features 
and research questions than passive remote sensing. Most 
research aims that addressed the effectiveness of prescribed 
burning for fuels reduction goals used LiDAR to evaluate 
post-fire vegetation. For features such as fuel heights and 
fine fuel levels, high-resolution airborne or terrestrial remote 
sensing appear to be best suited for analyses. Active remote 
sensing was also commonly applied for analyses of smoke 
features such as plume dynamics or height. In contrast, 
passive remote sensing tended to be used to analyse burned 
area features such as burn severity, or active fire features 
such as hotspot detection, over large geographic areas. 

Comparing wildfire and prescribed fire remote 
sensing needs 

Trade-offs between the strengths and weaknesses of remote 
sensing methods reveal important distinctions between 
remote sensing applications that are optimised for wildfire 
and those that are optimised for prescribed fire. Within the 
last decade, multiple reviews have been published evaluat-
ing the use of remote sensing for fire research. Comparing 
findings from these reviews with results from our analyses 
highlights when existing wildfire remote sensing approaches 
may be appropriate for prescribed burn research, and where 
prescribed burn research may require distinct approaches.  
Leblon et al. (2016) in their review of wildfire remote 
sensing identified MODIS as ‘the standard sensor for active 
fire monitoring’ owing to its spatial resolution, fire detection 
capacity and global spatial coverage. Additionally, they 
found that the frequent revisit time of MODIS burned area 
products compensated for its lower spatial resolution com-
pared with other sensors. However, our review reveals that 
in the case of prescribed burn detection, the choice between 
high temporal revisit time and high spatial resolution is less 
obvious. Because detection of small burns is critical to pre-
scribed fire monitoring, the importance of high spatial reso-
lution is outsized for prescribed fire research. Leblon et al. 
(2016) and Szpakowski and Jensen (2019) both highlight 
MODIS limitations for small fire detection. Therefore, 
although MODIS may be the standard for wildfire monitor-
ing, it is not necessarily optimised for prescribed fire. 
Ultimately, Leblon et al. (2016) conclude that fire detection 
with remote sensing can be considered fully operational. 
Although many sensors evaluated in this review were effec-
tive for their prescribed burn applications, 60% were found 
ineffective or limited in effectiveness, with limitations pre-
dominantly related to passive remote sensing of active fire 
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features. Therefore, gaps remain in remote sensing for pre-
scribed fire detection, despite the operationality of remote 
sensing for fire detection more broadly. 

However, there are also trends in wildfire remote sensing 
that mirror or align with prescribed burn research needs.  
Szpakowski and Jensen (2019), reviewing applications of 
remote sensing for fire ecology, discuss the rise in the use of 
LiDAR over the past few decades. In alignment with our 
findings, they highlight the advantages of LiDAR for analys-
ing vegetation structural properties and for supplementing 
other remote sensing data sources such as multispectral 
imagery. Although the use of active remote sensing such 
as LiDAR is beneficial for fire research generally, it presents 
particular opportunities for advancing prescribed fire 
research. In social-ecological contexts where prescribed fire 
occurs as a low-severity surface fire under a forest canopy, 
fire detection and burn analyses can be difficult or infeasible 
using common passive remote sensing methods. From the 
perspective of a passive airborne or spaceborne sensor, the 
canopy may mask understorey impacts of prescribed fire. For 
example, Franke et al. (2018) specify that fuel maps of the 
Brazilian cerrado based on Sentinel-2 and Landsat data have 
greater uncertainties in locations with higher canopy cover 
compared with open savanna. Therefore, the use of LiDAR 
may have a immense benefit within prescribed fire research. 

Our review reveals that despite differences between wild-
fire and prescribed fire research needs, similar remote sens-
ing approaches tend to be used. Methods that are optimised 
for large fires such as MODIS, Landsat and other passive 
spaceborne sensors are frequently used in prescribed burn 
research. Although the benefits of active remote sensing 
such as LiDAR are recognised, these are less frequently 
utilised but their use is expanding quickly. 

Future directions for prescribed fire research 

Low spatial resolution passive spaceborne remote sensing 
approaches are the most frequently used methods for pre-
scribed burn research to date and will continue to play an 
important role owing to their utility for analyses at large 
spatiotemporal scales. However, the decommissioning of 
NASA’s Aqua and Terra missions, after 20 years despite an 
initial 6‐year mission, will require users to shift to data from 
other missions, such as the NASA Preparatory Project (NPP) 
mission. The NPP mission has similar spectral bands and 
spatial resolution, but has only an afternoon overpass time, 
similarly to Aqua, and thus leaves a gap in morning/ante 
meridiem fire detection, or in atmospheric conditions when 
cloud cover is lower. A paucity of MIR (3000–5000 nm) 
studies exists in the literature, despite its importance in 
detecting active fire (Cawse-Nicholson et al. 2021). Future 
missions such as NASA’s Surface Biology and Geology mis-
sion will have thermal imager instrumentation to better 
retrieve information in this wavelength (Stavros et al. 
2022). Although VIIRS is commonly used for wildfire 

detection, and VIIRS 375-m data have been found to have 
active fire detection sensitivity approximately 10 times that 
of MODIS (Wooster et al. 2021), it was infrequently used in 
studies included in the present review (n = 2). Both studies 
using VIIRS discussed limitations related to cloud obscura-
tion, a common constraint for satellite sensors (Dickinson 
et al. 2015; Li et al. 2020). This constraint is compounded by 
the fairly short duration of prescribed fires, which limits the 
window of time available to obtain a cloud-free image of the 
active burn. Therefore, additional research on the applica-
tions of VIIRS for prescribed burn detection is needed. 

Active and high-resolution remote sensing approaches 
show promise for prescribed burn research. Commercial 
imagery (i.e. Planet, Maxar) and new constellations or har-
monisation of public-space missions (i.e. Landsat-Next, 
Sentinel Next Generation) will help advance observations 
for high spatial resolution and more frequent revisit times. 
As active remote sensing data from the Global Ecosystem 
Dynamics Investigation (GEDI), the Ice, Cloud, and Land 
Elevation Satellite-2 (ICESat-2), the Multi-angle Imaging 
SpectroRadiometer (MISR) and other radars (e.g. Sentinel-1, 
BIOMASS, NISAR) continue to expand, so too will the ability 
to monitor and evaluate a wider variety of prescribed burn 
management goals and impacts. For example, the GEDI joint 
mission between NASA and the University of Maryland 
launched in 2018 provides three-dimensional forest data 
derived from LiDAR observations collected globally between 
51.6°N and 51.6°S latitudes. This information on forest height 
and structure can contribute to the estimation of carbon 
impacts from wildfire and prescribed fire, as well as pre-fire 
fuel loads. Determining when existing remote sensing prod-
ucts, tools, or approaches designed for wildfire research can 
be effectively applied to prescribed burn research – and when 
they cannot – will be critical to building an improved knowl-
edge base for prescribed fire science. Our review shows that 
high spatial resolution, with combined spectral bands in the 
visible, mid-wave infrared and active LiDAR, provide syner-
gistic applications for prescribed fire remote sensing. 
Emerging satellite missions from both public and commercial 
sectors, and international partnerships providing harmonised 
products, will provide to some extent the high-spatial resolu-
tion, spectral band placement and revisit requirements for 
prescribed fire research. However, observation gaps remain 
in future LiDAR missions, with GEDI now offline until resum-
ing sometime in 2024 and the need for sub-daily observations 
of active fire at high to moderate resolution not currently met. 
The affordability and accessibility of emergent remote sensing 
approaches will play an important role in their integration 
into prescribed burning management and research. 

Prescribed burning is an important management action 
and climate adaptation strategy in fire-adapted systems, and 
remote sensing offers the opportunity to monitor and eval-
uate fire at unprecedented spatial and temporal scales. As 
the field of prescribed burn research advances, it will be 
critical to recognise the strengths and limitations of current 
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methods, make explicit the trade-offs between wildfire and 
prescribed fire applications, and scale up the use of remote 
sensing optimised for prescribed fire. Our review contri-
butes to these goals by synthesising trends, research aims 
and findings of studies using remote sensing for prescribed 
burn research in order to elucidate gaps and future direc-
tions within this growing field of research. 

Supplementary material 

Supplementary material is available online. 
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