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The lecturewill discussthe potentialof optical and thermalremotesensingobservationsto

supportresearchanddevelopmentaswell asoperationalplanningfor forestfires.

The potential is examinedwith respectto all threestagesof a forest fire, namely: pre-fire,

activefire andpost-fire.

Specialconsiderationis givento theassessmentof theabovementionedpotentialwith respect

to thespectral,spatialandtemporalresolutionof therelatedsatellitemissions.

Finally, anassessmentis madeon thebasisof recentforestfires analysis.
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The structure of the lecture

1. Introduction on the radiometry of forest fires

2. Remote sensing observations and forest fires

3. The pre-fire stage

4. The active fire stage

5. The post-fire stage (including case studies)

6. Sources of information 

7. Conclusions

3



4

1. Introduction on the radiometry of forest fires
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Healthyplant speciesreflect moreenergyin NIR but weakly in SWIR. This spectralcharacteristicis

useful for detecting burned areas such as dead soil/plant material on forest floor.

Source: USForestService.
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Wienôs law
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Spectral signature of vegetation
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2. Remote sensing observations and forest fires
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The 3 Stages of a Forest Fire

Pre-Fire Risk Assessment

Vegetation density and extent

Soil moisture/drought severity

Topography

Fire risk mapping 

Active Fire Detection

Hot Spot Detection

Total area burning 

Fire Radiative Power andThermal 

Infrared

Pyrocloud formation

Post Fire Assessment 

Total area burned

Burn severity

Post fire vegetation regrowth

Landscaperegeneration
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3. The pre-fire stage
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Earth Observation in support of Fire Risk Mapping

To provide reliable Fire Risk 

Mapping, spatial resolution 

needs to be high

Fire Risk Mapping Ignition NO -

Land cover YES VIS and 

SAR

Soil moisture and 

drought severity

YES Microwaves

Vegetation type and 

stage

YES VIS

Burning fuel YES VIS

Topography YES VIS and 

SAR

Meteorological 

parameters

LIMITED VIS and TIR

Land surface 

temperature

YES TIR

VIS: Visible; TIR: Thermal Infrared; SAR: Synthetic Aperture Radar
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Land cover classification ïVegetation density

Fire risk as varies with vegetation density VD.

VD also influences fire dispersion.

Classification of a forest in terms of VD 

depends strongly on spatial resolution
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Land cover classification ïvegetation type

Basedon classificationwhich supportsthe grouping

of spectrallysimilarpixelsto a landcoverclass.

Importantto define an urbanïforest class,so as to

delineatethe bordersof a forest to a nearbyurban

area.

Furthermoreurban areasslow down forest fires, a

factwhich is importantfor fire modelling.

Fuel behavior (ignition and dispesion) varies with

vegetationtype (VT) .

For instance,areaswith olive treesslow down the

fire. On the contrary,areaswith pine trees(typical

speciesfor the Mediterraneanbiodiversity), ignite

anddisperseeasier.

Brown: olive trees; Yellow: agriculturalcultivations; Green: conifers; light

green: Shrubs



16

Vegetation stage ïLand Surface Phenology

Unhealthy vegetation has a higher percentage of dead leaves, providing easier to burn fuel for 

fires. 

Satellites can be used to track seasonal patterns of variation in vegetated land surfaces through 

indices: 

Å NDVI  Normalized Difference Vegetation Index

Å EVI  Enhanced Vegetation Index

Å SAVI  Soil Adjusted Vegetation Index

Å Vegetation index anomalies
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Earth Observation based Vegetation Indices 

1/ NDVI is widely used as a metric for vegetation health. 

Å Values range from 1.0 to 1.0 

ïNegative values to 0 mean no green leaves.

ïValues close to 1 indicate the highest possible density of green leaves.

Å NDVI Formula: (Near Infrared ïRed)/(Near Infrared + Red)   

2/ Enhanced Vegetation Index (EVI)

- Can be used in place of NDVI to examine vegetation greenness

- More sensitive in areas with dense vegetation, making it better

for fuels assessment in dense forests 

R:red; B: blue; NIR; nearinfrared

EVI, Italy. Acquired on 8.10.2017, 

processed by Sentinel Hub.
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Evaporative StressIndex

ESI is basedon satelliteobservationsof land surfacetemperature,which areusedto estimate

water loss due to evapotranspiration(ET) ïthe loss of water via evaporationfrom soil and

plantsurfacesandvia transpirationthroughplantleaves.

EIScanbeusedasameasureof vegetationdrynessprior to and during the fire season.
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Soil Moisture

Soil moisture is measuredby active microwave scatterometers such as ERS1&2/AMI and

MetOp/ASCAT as well as by passivemicrowave radiometers suchas Sentinel1, Aqua/AMSR-E,

Coriolis/WindSat, DMSP 5D-2,-3/SSM I, GCOM-W1/AMSR2, Nimbus-7/SMMR, TRMM/TMI, and

SMOS/MIRAS.

All theseactive and passivemicrowavesensorsare weather-independent,i.e. they can look through

clouds,andtheycantakeimagesat dayandnight.

Accuratesoil moistureestimatesare limited to regionsthat haveeitherbaresoil or low to moderate

amountsof vegetationcover.

In agreyscaleimage, brighterpixelsindicatehighersoil moisturethandarkerpixels.
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Vegetation BasedFire Applications:

ïVegetationMoisture: Soil moisture

actsasa proxy for vegetationmoisture

andevaporativestress.

ï Drought information can also

identify areaswith dry fuel.

ÅMeasuresthemoisturein thetop5

cm of thesoil globally every3 day.
Exampleof high resolution(1 km) soil moisturemapsof the Iberian peninsula

generatedfrom SMOSdata(10daysaverage)

Soil moisture

https://directory.eoportal.org/web/eoportal/satellite-missions/s/smos
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Foucraset al. (2020) estimatedsurfacesoil moistureat a spatialresolutionof 500 m anda temporal

resolutionof at least6 days,by combiningremotesensingdatafrom Sentinel-1 andoptical datafrom

Sentinel-2 andMODIS (Moderate-ResolutionImagingSpectroradiometer).

The proposedmethodologyis basedon the changedetectiontechnique,resultingin a moistureindex

rangingbetween0 and1, with 0 correspondingto thedriestsoilsand1 to thewettestsoils.

Myriam Foucras,MehrezZribi,Cl®mentAlbergel,NicolasBaghdadi,Jean-ChristopheCalvetandThierry Pellarin,

Estimating500-m ResolutionSoil MoistureUsingSentinel-1 andOptical Data Synergy,Water2020, 12(3), 866;

https://doi.org/10.3390/w1203086

Soil moisture
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Local meteorology (pyrocumulus)

In the event of excessiveground and

plantdryness,forestfires developtheir

own weatherandpropagateevenin the

presenceof windsof low intensity.

In addition, the vertical transfer of

smoke and water vapour result in

ñpyrocumulusò

Sentinel 2 image, August 2021, Vilia

(north west of Athens)
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Satellite/sensors for Vegetation-based Fire Applications
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SAR in support of optical remote sensing for forest fires 

Sentinel1 SAR (C bandSARdata,12 dayrevisit,Resolution: 5 x 20 meters)

ÅVegetation BasedFire Applications:

ïVegetationTypeandExtent: Landclassification, fuelsmapping

ïVegetationStructure: Densityandheight

ïVegetationMoisture: Fuelmoisturecontentanddryness

Sentinel-2 Vegetation Based Fire Applications (-day revisit, Resolution: 10 meters)

ïVegetation Extent and Type: Land cover classification

ïVegetation Stage and Health: Variety of vegetation indices, including NDVI, EVI, SAVI 

ïVegetation Moisture: NDWI 
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4 .The Active fire stage
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Pre-Fire Risk Assessment

Vegetation density and extent

Soil moisture/drought severity

Topography

Fire risk mapping 

Active Fire Detection

Hot Spot Detection

Total area burning 

Fire Radiative Power

Pyro-cloud formation

Post Fire Assessment 

Total area burned

Burn severity

Post fire vegetation regrowth

Landscaperegeneration
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From: Barmpoutis, P., Papaioannou, P., Dimitropoulos, K. and Grammalidis, N., Reviewon Early Forest Fire DetectionSystems

UsingOptical RemoteSensingSensors2020, 20, 6442; doi:10.3390/s20226442
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As fires burn much hotter than the typical temperatureof surfaceson the Earth, heat

providesastrongsignalfor thedetectionof fire.

The total energy(integratedacrossall wavelengths)radiatedfrom a surfaceincreases

rapidly with its temperature(proportionalto thefourth powerof temperatureasdescribed

by theStefan-Boltzmannlaw).

However, the radianceis not uniform acrosswavelengthand the distributionpeaksat a

wavelengththatvariesinverselywith thetemperature.
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At normal ambienttemperature,the peak is

in therange8ï12ɛm andmostof theradiant

energylies at wavelengthsgreaterthan5 ɛm

(left image).

At highertemperaturestypical of forestfires,

the peakof the responseshifts to mid-wave

infrared (MWIR, 3ï5 ɛm) or shorter

wavelengths(right image).
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http://eumetrain.org/data/4/421/421.pdf
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https://sentinels.copernicus.eu/web/sentinel/-/sentinels-detect-and-monitor-forest-fires
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Near infrared(1.6 ɛm)

Moreadequatefor smokedetectionthan3.9ɛm

Smallfires not visible

No CO2 absorption(higherfire temperature)

High subpixel sensitivity

Middle infrared (3.9 ɛm)

High temperaturesensitivity - major sub pixel effects (hot spots are easily

detected)

Negligibleabsorptionby atmospherichumidity

Closeto aCO2 absorptionband,4-7 Kelvin signalreduction

Brightnessis temperatureof theCO2 layerabovethefire

Thermalinfrared (10.8 ɛm)

1-2 Kelvin absorptionby atmospherichumidity

No signalreductionby CO2

Lower temperaturesensitivity(smallsubpixeleffects)

No risk of sensorblindingby fires

Low valuescomparedwith 3.9ɛm dueto semitransparentcloudor smoke

Comparing window channels in near and thermal infrared

Source:http://eumetrain.org/data/4/421/421.pdf  
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Points for consideration

1. Atmosphericabsorptionin the region5-8 ɛm of the infraredspectrumis strong,a fact that

makesthis regionunsuitedfor remoteimaging.

2. TIR imaginghasanadvantagein this regardin thateventhick smokeis transparentat these

wavelengthsallowing imaging of hotspotsthroughsmoke. This can be a useful property in

monitoringactivefires andsearchingfor spotfires.

3. Thereis aneedto combineandjointly processedsignalfrom differentspectralchannels.

For instance,for a pixel partly coveredby a fire, theradianceat 3.9 ɛmis larger thanat 10.8

ɛmdueto thestrongerresponseat 3.9 ɛmto the warmerportion (fire) insidethepixel. Using

the temperaturedifference IR3.9-IR10.8 as a proxy for fire probability - the larger the

difference,thehighertheprobability.
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Temporal resolution ïa critical parameter

Detecting forest fires is feasible (flame and smoke), but how close to the ignition 

time? 

The majority of satellitesproviding earth imagery are either geostaticor in the near-polar sun-

synchronousorbit andincludemultispectralimagingsensors.

Sun-synchronoussatellitesprovide datawith high spatial resolution but low temporal resolution

while geostationarysatelliteshavehigh temporal resolution but low spatial resolution.
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To the left: RGB synthesis (RGB-143) 
To the right: IR synthesis (RGB-721)

Forest fires from MODIS
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Fire detection

Sensor/Satellite Channels Product Spatial/Temporal

SEVIRI/Meteosat 3.9ɛm, 10.8ɛm FIR 

(Active Fire 

Monitoring)

Fire radiative power 3 km/5 min

MODIS/Aquaand Terra

(constellationof two)

4ɛm, 11ɛm Active Fire Fire radiative power 1km/ 1-2 days per 

satellite 

SLSTR/SENTINEL 3

(constellation of two)

3.7ɛm, 10.8ɛm Active Fire Fire radiative power

https://sentinels.copernicus.eu/web/sentinel/technical-

guides/sentinel-3-slstr/level-2/fire-radiative-power-frp

1km/approx. 1 day

SENTINEL 1

(constellation of two)

Radar Burned area Indirectly through the propagation of the burned area 

ïin support of the assessment of fire dispersion
5m/2 days at mid-

latitudes

SENTINEL 2 

(constellationof two)

Vis Burnedarea Indirectly through the expansion of the burned area ï

in support of the assessment of fire dispersion
10 m/2-3 days at 

mid-latitudes

AVHRR/NOAA 3.7ɛm FIMMA Fire radiative power 1km/ 5-6 times per 

day

VIIRS/ Suomi-NPP 4ɛm, 11ɛm Active fire Fire radiative power 375m/ 3-4 times 

per day
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MSG SEVIRI (Meteosat) generatesimagesevery5 and15 min, thusfulfilling thecritical precondition

of high temporalresolution.

Furthermore, the European Organization for the Exploitation of Meteorological Satellites

(EUMETSAT) aswell asthe EUMETSAT LSA-SAF (SatelliteApplication Facility on Land Surface

Analysis), provide several fire productsbasedon MSG data that can be used for detectionand

monitoringof wildfires.

Suchproductsarethe Rapid ScanActive Fire Monitoring (FIR), the Fire Radiative Power (FRP),

andtheFire Detectionand Monitoring (FD&M).

Forest fire detection at high temporal resolution
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FIR is a fire detectionproductindicatingthepresenceof fire within a pixel. It is basedon a threshold

technique,usingSEVIRI channels4 (3.9 ɛm) and9 (10.8 ɛm). The algorithmis appliedfor all land

surfacepixels, excludingbaresoil surfacepixels and coastalpixels. The underlyingconceptof the

algorithmtakesadvantageof the fact that SEVIRI channelIR3.9 is very sensitiveto hot spots,which

arecausedby fires.

FD&M is basedon the algorithmFIDALGO (Fire DetectionAlgorithm) developedwithin the LSA-

SAF to identify SEVIRI/METEOSATpixelspotentiallycontaminatedby fires.

Finally, the FRP product takes advantageof the temporal resolution of SEVIRI and relies on

informationfrom SEVIRI channels(namely0.6, 0.8, 3.9, 10.8 and12.0 ɛm) togetherwith information

on illumination angles; it identifies the location and quantifiesthe radiative power of any hotspot

presenton landthatradiatesaheatingsignalwithin apixel sizeof 1 km2.
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High Rate SEVIRI Every15 minutes

MeteosatRapid Scanning Every5 minutes 

Typical temperatureof forest 

fire

500-1000 Kelvin

Minimum detectable size of 

forest fire

10-50 acres(100.000 to 

500.000 sq. meters)

The detectable size dependson vegetationdensity and burning 

load

Range of detection: 3 km

Potential false alarms due to: CO2 concentration, humidity, sharp 

temperature variations



42

Detection algorithm - Criteria

42

Brightness temperature of channel IR3.9

Brightness temperature difference of channel IR3.9 and IR10.8 

Test Fire

Day Night

IR3.9 >310 >290

IR3.9-IR10.8 >8 >0

StdDevIR10.8 <1 <1

StdDevIR3.9 >4 >4
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Detection from FIREX (15min)
43

Fire 

Ignition

(Fire 

service)

FIREX 1st 

detection 

# FIREX Detected 

scans  

(time range UTC)

# FIR scans 

(EUMETSAT)

# FRP scans

(LSA SAF)

# FD&M scans

(LSA SAF)

Elafonisos
10/8 

5:00 UTC

10/8

6:30 UTC 
69/97

(10/8 5:00-11/8 5:00)
No detection

Non-processed 

pixel

Non-processed 

pixel

Marathona

s

(Small fire)

10/8 

12:00UTC

10/8 

12:30UTC 

2/17

(10/8 12:30-10/8 16:30) 
No detection

Non-processed 

pixel
2/17

Fire broke out near
Behramlēvillage on
the ¢anakkale
peninsula (Turkey)
during 10 / 8 night

Marathonas fire

Elafonisos Fire
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FIR product - Greece  

East Attica Fire 23-07-2018 and KinetaFire (as detected from Ch4 but not from FIR )

44
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Resolving problems due to coarse spatial resolution

45
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Brightness temperature of channel IR3.9

Brightness temperature difference of channel IR3.9 and IR10.8 

Test Fire

Day Night

IR3.9 >310 >290

IR3.9-IR10.8 >8 >0

StdDevIR10.8 <1 <1

StdDevIR3.9 >4 >4

Detection algorithm - Criteria
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Case Study: Forest fire at the Elafonisosisland (August 2019)
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Detection of Elafonisosfire from FIREX (15min )
48

Fire

Ignition

(Fire 

service)

FIREX 1st 

detection 

# FIREX Detected scans  

(UTC)

Elafonisos
10/8 

5:00UTC

10/8 

6:30UTC

69/97

(10/8 5:00-11/85:00)
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Is there a way out?

Recently,advancesin nanomaterialsandmicro-electronicstechnologieshaveallowedtheuseof

tiny low-Earth-orbiting satellites,knownasCubeSats.

CubeSatshavesignificantadvantagesin comparisonwith traditionalsatellitesregardingsmoke

andfire detection,sincethey aremoreeffectivein termsof costs,temporalresolution/response

time,andcoverage.

In addition,they aresmallerin sizethantraditionalsatellitesandneedlesstime to be put into

orbit; however,oneissuethat needsto be tackledis their poorability to transmitlargeamounts

of datato theground.

CubeSatsby launched in constellationssucceedin improving considerably the temporal

resolution while at the same time they reflect high spatial resolution (due to their low

orbit) .



50

5. The post-fire stage  

50
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Pre-Fire Risk Assessment

Vegetation density and extent

Soil moisture/drought severity

Topography

Fire risk mapping 

Active Fire Detection

Hot Spot Detection

Total area burning 

Fire Radiative Power and

Thermal Infrared

Post Fire Assessment 

Total area burned

Burn severity

Post fire vegetation regrowth

Landscaperegeneration
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Normalized Burn Ratio (NBR)

Normalized burn ratio (NBR) is the index that is used to measureburn severity by

distinguishingareasthat have been significantly altered in their spectralsignatureafter a

wildfire event. It is calculatedusingtheenergyintensityfrom theNIR andSWIR wavelength

bandsfrom theremotelysensedsatelliteimagery.

NBR for Sentinel 2 data is calculated as:
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Healthy vegetation has very high near-infrared reflectanceand low reflectance in the

shortwaveinfraredportionof thespectrum.

Burnedareason the otherhand haverelatively low reflectancein the near-infraredandhigh

reflectancein the shortwaveinfraredband.

A high NBR value generally indicates healthy vegetation  while a low value indicates 

bare ground and recently burned areas.
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Burn Severity and the delta normalized burn ratio

Burn severity is a termusedto representthe degreeto which an ecosystemis impactedby a

wildfire event. It is estimated as the difference between pre-fire and post-fire NBR

derived from satellite images.

To identify recently burned areasand differentiate them from bare soil and other non-

vegetatedareas,the difference betweenpre-fire and post-fire NBR, alsoknownasthe delta

normalized burn ratio (dNBR) index is frequentlyused.

Areaswith highdNBR valuecorrespondto ahigherdegreeof damageor burnseverity.

In contrast,low dNBR valuesrepresentareasthatareunaffectedfrom thefire eventor regions

thathavereboundedvia regrowthof plantspeciesfollowing awildfire incident.
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Classification of Burn Severity Level

EFFIS thresholds Severity Level

dNBR < 0.100

0.100 Ò dNBR Ò 0.255

0.256 Ò dNBR Ò 0.419

0.420 Ò dNBR Ò 0.660

dNBR > 0.660

Unburned / Very Low

Low

Moderate

High

Very High
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Why is burn severity important?
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Burned areas and burn severity ïSpain and Portugal 2017

(a) Sentinel-2 dNBR image using Post-1

imagesin Galiciawildfires;

(b) EFFISdNBR imagein Galiciawildfires;

(c) Sentinel-2 dNBR image using Post-1

imagesin Portugalwildfires;

(d) EFFIS dNBR image in Portugal

wildfires. Water areasare masked(blue

color).

from:

Rafael Llorensa, Jos® Antonio Sobrino, Cristina Fern§ndez, Jos® M.Fern§ndez-

Alonso, Jos® Antonio Vega, A methodology to estimate forest fires burned areas 

and burn severity degrees using Sentinel-2 data. Application to the October 2017 

fires in the Iberian Peninsula, International Journal of Applied Earth Observation 

and GeoinformationVolume 95, March 2021, 102243

https://doi.org/10.1016/j.jag.2020.102243
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Case study. Ancient Olympia (August 2021)
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Forest Fire ïAncient Olympia (August 2021)
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Methodology and steps for estimating burned areas from forest fires
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Step 1: Mapping the area before and after the forest fire 

MODIS images prior and post a forest fire (RGB-124)
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Step 2. Image segmentation
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Step 3. Change detection 
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http://www.esa.int/var/esa/storage/images/esa_multimedia/images/2017/08/kalamos_fires/

17122699-1-eng-GB/Kalamos_fires.gif

Potential errors in the delineation of burned areas

http://www.esa.int/var/esa/storage/images/esa_multimedia/images/2017/08/kalamos_fires/17122699-1-eng-GB/Kalamos_fires.gif
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Two days later é   26,000 m2

of the forest were burned

?
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6. Sources of information 

70
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The European Forest Fire Information System (EFFIS)

TheEuropeanCommissionhasdevelopedtheEuropean

ForestFire InformationSystem(EFFIS)

(http ://effis.jrc .ec.europa.eu/) to providea fire

risk forecastanda fire dangerassessmentin EU countries.

EFFISis oneof theCopernicusEmergency

Servicesandbecomesanessentialtool for providing

mostup-to dateinformationon fire dangerin EU,

identify theevolutionof wildfires andhelpnational

authoritiesto monitorthesewildfires.

71
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Copernicus Emergency Mapping 
72

https://emergency.copernicus.eu/mapping/ems/copernic

us-ems-monitors-impact-forest-fire-piedmont-italy


