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Forest fire monitoring Outline

✓ From lab to operational application

✓ Fire scupetibility estimation

✓ Fire severity

✓ Estimation of fire impact on hydrogeological risk

✓ Multiscale and Multitemporal estimation of fire and post fire risk

✓ (weekly, monthly, seasonal……) in cooperation with serv_for fire
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Patent : An Integarted system for Fire detection  Patent prot. 408719 del 24 agosto 

2009 sistema di lotta attiva agli incendi boschivi, n. 2008 A0016 (by  lasaponara & 

Lanorte)
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Forest fire monitoring from space

For additional info 
Lasaponara et al . 2010
Monitoraggio satelliatere
per la previsione del rischio
di incendio pre operativa in 
Basilicata



fire monit0ring Lab

The methodologies adopted for the diverse 
phases of fire risk, damage estimation and post 

fire risk assessment, evolved from the 
development and testing of prototype models 

and algorithms (developed in the laboratories of 
CNR-IMAA) to the pre-operational and 

operational applications

fire monit0ring : Operational use

2008-2010  only based on the use of MODIS satellite data 

2011-2013 later integrated with TM (for fuel mapping and 
damage estimation 

2014-2016 further with meteorological data and forecast 
available for free (Meteo Model NOAA-GFS,  2014-2016), l

2017 later improved with the highest spatial resolution 
meteo forecast from Cosmo 5 (5 km)

2018-2019 and Cosmo 2 (km 2) made available by the 
National Civil Protection up

up to the use of Sentinel 1 and 2 along with manned and 
unmanned multispectral and thermal aerial surveys for 

selected study sits

Forest fire monitoring from Lab to 

Operational application





Lasaponara et al An Integrated system for Fire 
monitoring Patent prot. 408719 del 24 agosto
2009 



Current information daily provided in the framework of FIRE-SAT project : pixel size 1Km, 250m   

improved to 30 m  (for interface fires) 



The daily fire risk methodology is based on the integration of satellite data with
meteorological data and forecasts. The main novelty compared with the
methodology already developed (and operationally used by the Protezione Civile
of the Basilicata Region) The automatic processing of meteorological data and
forecasting has twofold applications (i) the assessment of fire risk and (ii) the
estimation of the expansion of fire perimeter using FIRESITE software







Static variable/index

Dynamici Variabiles/Indices

- Meteorological : -temperature, - humidy,   -Wind,   -insolation, etc.

-State of vegetation (moisture, stress)

-Statistical Analysis of fire catalogue

-DTM (Slope, Aspect, Elevation);

-Vegetazione -Fuel types/models

-Burned areas

- Fire Regime

Human factors: 

-(density of population, accessibility; antrophogenic activities

Historical fire records (1996-2018)



Static map based on the statistical analysis of the available fire catalogue
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Static variable/index

Dynamici Variabiles/Indices

- Meteorological : -temperature, - humidy,   -Wind,   -insolation, etc.

-State of vegetation (moisture, stress)

-Statistical Analysis of fire catalogue

-DTM (Slope, Aspect, Elevation);

-Vegetazione -Fuel types/models

-Burned areas

- Fire Regime

Human factors: 

-(density of population, accessibility; antrophogenic activities





Fuel type classification  developed for Mediterranean ecosystems in the 
framework of Prometheus project (Prometheus Project 1999)

Fuel Type 

class

Fuel Type description in terms of percentage of cover Fuel Type  description in terms of vegetation  typology

1 Ground fuels (cover >50%) grass

2 Surface fuels (shrub cover >60%, tree cover <50%) grassland, shrub land (smaller than 0.3–0.6 m and with a high percentage of grassland), 

and clear cuts, where slash was not removed

3 Medium-height shrubs (shrub cover >60%, tree cover <50%) shrubs between 0.6 and 2.0 m

4 Tall shrubs (shrub cover >60%, tree cover <50%) high shrubs (between 2.0 and 4.0 m) and young trees resulting from natural regeneration 

or forestation

5 Tree stands (>4 m) with a clean ground surface (shrub cover <30%) the ground fuel was removed either by prescribed burning or by mechanical means. This 

situation may also occur in closed canopies in which the lack of sunlight inhibits 

the growth of surface vegetation

6 Tree stands (>4 m) with medium surface fuels (shrub cover >30%) the base of the canopies is well above the surface fuel layer (>0.5 m). The fuel consists 

essentially of small shrubs, grass, litter, and duff  (the layer of decomposing 

organic materials lying immediately above the mineral soil but below the litter 

layer of freshly fallen twigs, needles, and leaves; the fermentation layer).

7 Tree stands (>4 m) with heavy surface fuels (shrub cover >30%) stands with a very dense surface fuel layer and with a very small vertical gap to the 

canopy base (<0.5 m)



Sviluppo di un modello EO-based per la stima del pericolo d’incendio



Lasaponara et al An Integrated system for Fire 
monitoring Patent prot. 408719 del 24 agosto
2009 





Grottole – C.da Cacciatori – 18 agosto 2010 – 13.12 ha (di cui 9.51 ha wooded)

14 agosto 2010                                    23 agosto 2010

Satellite ASTER Mapping of burned areas



Uso di dati satellitari LANDSAT-TM

LANDSAT-TM 24 giugno 2011 
(NIR)

LANDSAT-TM 2 agosto 2011 
(NIR)

Incendio Policoro 
20 luglio 2011

(82 Ha) 

Fire management



Mappatura speditiva aree bruciate
Uso di dati satellitari LANDSAT-TM

(18 agosto 2011)

Fire management



ALanorte, M Danese, R 
Lasaponara, B Murgante
Multiscale mapping of 
burn area and severity 
using multisensor satellite 
data and spatial 
autocorrelation analysis 
International Journal of 
Applied Earth Observation 
and Geoinformation 20, 
42-51 







-Burned areas

-Dead Fuel load 

-Geomorphological risk

Fire Severity map based on ASTER NBR Index







Work in progress
Sentinel 1 for burned area and fire severity

• RBR xy = Postfire average bascatter xy / Prefire average Backscatter xy
(1)

• RBD xy = Postfire average bascatter xy - Prefire average Backscatter xy

(2)

• RBR and RBD were calculated for each polarization (HH and HV) and 
using both (i) one pre and one post-fire image (acquired under dry 
conditions) and (ii) backscatter time averaged of pre and post-fire 
scenes.



Pre Fire date multi_image Post-fire date multi_image

S1A_IW_GRDH_1SDV_20170607T045533_ S1B_IW_GRDH_1SDV_20170719T045504__

S1B_IW_GRDH_1SDV_20170613T045502_ S1B_IW_GRDH_1SDV_20170731T045505__

S1A_IW_GRDH_1SDV_20170619T045533_ S1A_IW_GRDH_1SDV_20170806T045536

S1B_IW_GRDH_1SDV_20170625T045503_ S1B_IW_GRDH_1SDV_20170812T045505__

S1B_IW_GRDH_1SDV_20170707T045503_ S1B_IW_GRDH_1SDV_20170824T045506_

S1A_IW_GRDH_1SDV_20170713T045535_ S1A_IW_GRDH_1SDV_20170830T045537__

Pre-Fire date single_image Post-Fire date single_image

S1B_IW_GRDH_1SDV_20170707T045503_ S1B_IW_GRDH_1SDV_20170719T045504_

Table 1. The dates of satellite acquired before and after the fire in a Descending pass,  
by Sensor S1a and S1, in the   VV,VH polarization with an incidence angle 30.6 °~46.3°
and resolution  at 20 x 22 m (in range x azimuth). The type of products used is GRDH



Metaponto Fire 13   July 2017



UP: RBD computed on the averaged scenes and on the single scenes, in left and right, respectively.
Bottom RGB of Sentinel-2 acquired after the fire occurrence and RGB composit of RBRVH and RBDVV and RBRVH respectively



Up: Averaged RBD of

pre and postfire as

obtained from VH and

VV polarization, in left

and right, respectively.

Bottom Averaged RBR

of pre and postfire as

obtained from VH and

VV polarization in left

and right, respectively





Burnt areas, fire
severity and 

hydrogeological
risk









Project details
Users involved in the project:

Acronym of 
end-user 
organization

Full name of end-
user organization

Name of contact
person

Email adress of contact 
person

DPC_Basilicat
a

Dipartimento di 
Protezione Civile 
della Regione 
Basilicata Guido Loperte

guido.loperte@regione.b
asilicata.it

GEOCART SPA GEOCART SPA
Raffaele 
Santangelo r.santangelo@geocart.net

Comune di 
Lauria Comune di Lauria

Gaetano 
Cantisani

llpp.lauria@rete.basilicat
a.it

UNIBAS
Università degli 
Studi della Basilicata

Mauro 
Fiorentino

mauro.fiorentino@unibas
.it

CONICET-
ECOTONO

Consejo Nacional de 
Investigaciones
Científicas y Técnicas

Luciana 
Ghermandi lghermandi@yahoo.it

Finnish 
Rescue 
Services, 
North Karelia

Finnish Rescue 
Services, North 
Karelia Mika Viertola

mika.viertola@pkpelastus
laitos.fi

AVI

Regional State 
Administrative 
Agency, Northern 
Finland Mika Kurvinen

mika.kurvinen@avi.fi

Ministry of the 
Interior, Department 
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WORK IN PROGRESS: Pm 10 FROM SATELLITE LANDSAT TM DATA AND   ESTIMATION OF EMISSION


