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1. Introduction 

 

The EUMETSAT Satellite Application Facility (SAF) on Land Surface Analysis (Trigo 

et al., 2009) is part of the SAF Network, a set of specialised development and 

processing centres, serving as EUMETSAT (European organization for the Exploitation 

of Meteorological Satellites) distributed Application Ground Segment. The SAF 

network complements the product-oriented activities at the EUMETSAT Central 

Facility in Darmstadt. The main purpose of the LSA SAF is to take full advantage of 

remotely sensed data, particularly those available from EUMETSAT sensors, to 

measure land surface variables, which will find primarily applications in meteorology 

(http://landsaf.ipma.pt/): 

 

The spin-stabilised Meteosat Second Generation (MSG) has an imaging-repeat cycle of 

15 minutes. The Spinning Enhanced Visible and Infrared Imager (SEVIRI) radiometer 

embarked on the MSG platform encompasses unique spectral characteristics and 

accuracy, with a 3 km resolution (sampling distance) at nadir (1km for the high-

resolution visible channel), and 12 spectral channels (Schmetz et al., 2002). 

 

The EUMETSAT Polar System (EPS) is Europe’s first polar orbiting operational 

meteorological satellite and the European contribution to a joint polar system with the 

U.S. EUMETSAT will have the operational responsibility for the “morning orbit” with 

Meteorological-Operational (Metop) satellites, the first of which was successfully 

launched on October 19, 2006. Despite the wide range of sensors on-board Metop 

(http://www.eumetsat.int/), most LSA SAF parameters make use of the Advanced Very 

High Resolution Radiometer (AVHRR) and, to a lesser extent, of the Advanced 

Scatterometer (ASCAT). 

 

Several studies have stressed the role of land surface processes on weather forecasting 

and climate modelling (e.g., Dickinson et al., 1983; Mitchell et al., 2004; Ferranti and 

Viterbo, 2006). The LSA SAF has been especially designed to serve the needs of the 

meteorological community, particularly Numerical Weather Prediction (NWP). 

However, there is no doubt that the LSA SAF addresses a much broader community, 

which includes users from: 

 Weather forecasting and climate modelling, requiring detailed 

information on the nature and properties of land.  

 Environmental management and land use, needing information on land 

cover type and land cover changes (e.g. provided by biophysical 

parameters or thermal characteristics). 

 Agricultural and Forestry applications, requiring information on 

incoming/outgoing radiation and vegetation properties. 

 Renewable energy resources assessment, particularly biomass, depending 

on biophysical parameters, and solar energy. 

 Natural hazards management, requiring frequent observations of 

terrestrial surfaces in both the solar and thermal bands. 

http://landsaf.ipma.pt/
http://www.eumetsat.int/
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 Climatological applications and climate change detection, requiring long 

and homogeneous time-series. 
 

 

 
Table 1 the LSA SAF Set of Products and respective sensors and platforms. The Table covers both 

existing and future. 

Product Family Product Group Sensors/Platforms 

Radiation 

Land Surface Temperature (LST) 

SEVIRI/MSG, 

AVHRR/Metop, FCI/MTG, 

VII/EPS-SG 

Land Surface Emissivity (EM) 

SEVIRI/MSG, FCI/MTG 

(internal product for other 

sensors) 

Land Surface Albedo (AL) 

SEVIRI/MSG, 

AVHRR/Metop, FCI/MTG, 

VII/EPS-SG, 3MI/EPS-SG 

Down-welling Short-wave Fluxes 

(DSSF) 

SEVIRI/MSG, FCI/MTG 

Down-welling Long-wave Fluxes 

(DSLF) 

SEVIRI/MSG, FCI/MTG 

Vegetation 

Normalized Difference Vegetation 

Index (NDVI) 

AVHRR/Metop, VII/EPS-SG 

Fraction of Vegetation Cover (FVC) 

SEVIRI/MSG, 

AVHRR/Metop, FCI/MTG, 

VII/EPS-SG, 3MI/EPS-SG 

Leaf Area Index (LAI) 

SEVIRI/MSG, 

AVHRR/Metop, FCI/MTG, 

VII/EPS-SG, 3MI/EPS-SG 

Fraction of Absorbed 

Photosynthetically Active Radiation 

(FAPAR) 

SEVIRI/MSG, 

AVHRR/Metop, FCI/MTG, 

VII/EPS-SG, 3MI/EPS-SG 

Gross Primary Production (GPP) SEVIRI/MSG, FCI/MTG 

Canopy Water Content (CWC) AVHRR/Metop, VII/EPS-SG 

Energy Fluxes 

Evapotranspiration (ET) SEVIRI/MSG, FCI/MTG 

Reference Evapotranspiration (ET0) SEVIRI/MSG, FCI/MTG 

Surface Energy Fluxes: Latent and 

Sensible (LE&H) 

SEVIRI/MSG, FCI/MTG 

 

Wild Fires 

Fire Detection and Monitoring 

(FD&M) 

SEVIRI/MSG 

Fire Radiative Power 
SEVIRI/MSG, FCI/MTG, 

VII/EPS-SG 

Fire Radiative Energy and Emissions 

(FRE) 

SEVIRI/MSG, FCI/MTG, 

VII/EPS-SG 

Fire Risk Map (FRM) SEVIRI/MSG, FCI/MTG 

Burnt Area (BA) AVHRR/Metop, VII/EPS-SG 
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The LSA SAF products (Table 1) are based on level 1.5 SEVIRI/Meteosat and/or level 

1b Metop data. Forecasts provided by the European Centre for Medium-range Weather 

Forecasts (ECMWF) are also used as ancillary data for atmospheric correction. 

 

Most products derived from SEVIRI/Meteosat are generated at full spatial resolution 

(3km pixel sampling distance at nadir), for the whole MSG disk (Figure 1): 

 

 

 

 

 

 
 

 

Figure 1 - The LSA SAF geographical area for SEVIRI based products. 

 

 

Metop derived parameters are available at level 1b full spatial resolution and for the 

processed Product Distribution Units (PDUs), each corresponding to about 3 minutes of 

instrument-specific observation data. Composite and re-projected products shall also be 

available. 

 

The LSA SAF system is fully centralized at IM and will be able to operationally 

generate, archive, and disseminate the operational products. The monitoring and quality 

control of the operational products, also centralized at IM, is performed automatically 

by the LSA SAF software, which provides quality information to be distributed with the 

products. 

 

The LSA SAF products are currently available from LSA SAF website 

(http://landsaf.ipma.pt) that contains real time examples of the products as well as 

updated information. 
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This document is one of the product manuals dedicated to LSA SAF users. The 

algorithm and the main characteristics of the Fire Risk Map (FRM) product generated 

by the LSA SAF from SEVIRI data system is described in the following sections. The 

characteristics of SEVIRI based FRM product provided by the LSA SAF are described 

in Table 2. Further details on the LSA SAF product requirements may be found in the 

Product Requirements Document/Table (SAF_LAND_IM_PRT_1.7.XLS) available at 

the LSA SAF website http://landsaf.ipma.pt). 

 

 

 

 

 

 
Table 2 Product Requirements for FRM, in terms of area coverage, resolution and accuracy. 

FRM Product Coverage 
Resolution Accuracy 

Temporal Spatial Threshold Target Optimal 

       FRM Europe* Daily 
MSG pixel 

resolution 
Risk +/-7.5 Risk +/-5.0 Risk +/-2.5 

*Disseminated for the MSG disk, but only computed to Europe. 

 

 

2. Algorithm  

2.1. Overview 

Rural fires are common events on ecosystems characterized by alternating rainy and 

drought periods, which inevitably lead to high levels of vegetation stress and to the 

accumulation of fuels during the dry phase (Chuvieco et al., 1997). This is particularly 

true in Mediterranean Europe, where the rainy and mild winters followed by warm and 

dry summers make the region especially prone to the occurrence of a large number of 

fire events (Ventura and Vasconcelos, 2006, Pyne, 2006; Pereira et al., 2013). It is 

therefore not surprising that wildfire events are especially frequent over southern 

European countries, namely Portugal, Spain, France, Italy, Greece and Croatia, which 

present the largest number of fires and amounts of burnt area (Pereira et al., 2006, 

Barbosa et al., 2007; Amraoui et al., 2015). The large majority of fire episodes, and the 

most severe ones, take place during the summer months with dramatic consequences for 

the ecosystems and population; however late winter and spring fires should not be 

disregarded in some southern European areas. 

Meteorological factors play a crucial role in the setting and spreading of wildfire and are 

an important factor in the resulting fire severity (e.g. Bovio and Camia, 1997; Amraoui 

et al., 2013). In fact, meteorological variables, alone or combined with vegetation and 

topographical information, are frequently used to develop fire risk indices, such as the 

ones that integrate the so-called Canadian Forest Fire Weather Index  System 

(CFFWIS) (van Wagner, 1987). Fire risk indices may be based on single or combined 

http://landsaf.ipma.pt/
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use of meteorological station measurements, weather forecast model outputs and remote 

sensing estimations (Han et al., 2003; DaCamara et al., 2014). 

The LSA SAF is currently exploring (i) the capability of SEVIRI/MSG to detect and 

monitor active fires, particularly over Africa and Europe, leading to the operational 

generation, archiving and dissemination of the so-called Fire Detection and Monitoring 

(FD&M) product; and (ii) combining meteorological information with characteristics of 

vegetation to produce meaningful danger of fire rating for Southern Europe. In this 

respect the FRM product may be viewed as representing the first attempt to make an 

integrated use of meteorological information from meteorological forecasts, vegetation 

data from land cover maps and observations of active fires and fire pixels as obtained 

from the FD&M product of the LSA SAF in order to produce coherent maps of fire risk 

at the scale of MSG. 

2.2. Objectives 

 

The main objective of the FRM algorithm is to compute daily values of the set of 

components of the Canadian Forest Fire Weather Index System (CFFWIS) for 

Mediterranean Europe together with levels of fire danger associated to probabilities of 

occurrence of fires exceeding specified magnitudes. The rationale is to provide the user 

community with information on meteorological risk that will allow adopting the 

adequate measures to mitigate fire damage. 

 

 

 

3. Algorithm Description 

3.1. Theoretical Description 

3.1.1. Rationale 

The above-mentioned CFFWIS (van Wagner, 1987) consists of six components that 

account for the effects of fuel moisture and wind on fire behaviour. Figure 2 provides an 

overview of the FWI System. The first three components, i.e. the Fine Fuel Moisture 

Code (FFMC), the Duff Moisture Code (DMC) and the Drought Code (DC) 

respectively rate the average moisture content of surface litter, decomposing litter, and 

organic (humus) layers of the soil. Wind effects are then added to FFMC leading to the 

Initial Spread Index (ISI) that rates fire spread. The remaining two fuel moisture codes 

(DMC and DC) are in turn combined to produce the BuildUp Index (BUI) that is a 

rating of the total amount of fuel available for combustion. BUI is finally combined 

with ISI to produce the Fire Weather Index (FWI) and the Daily Severity Rating (DSR) 

that respectively rate fire intensity and the difficulty of controlling fires. 

Using a statistical approach, classes of fire danger are finally defined for a given region 

by calibrating the FWI System against wildfire activity as defined by the recorded 

number of active fires and of fire pixels over a given period of time (Bovio and Camia, 

1998; DaCamara et al., 2014). 
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Figure 2. Diagram of the components of the FWI System (source: CFS, 2007, with changes). 

 

3.1.2. Mathematical Description of the Algorithm 

 

The FRM algorithm is based on the CFFWIS, as described by van Wagner (1985). A 

schematic overview of the procedure is given hereafter. 

 

I. Computation of FFMC 

 

The Fine Fuel Moisture Code (FFMC), hereby denoted as F , is a numeric rating of the 

moisture content of litter and other cured fine fuels. This code is an indicator of the 

relative ease of ignition and the flammability of fine fuel (CFS, 2007). FFMC of a given 

day is defined as: 

 

    101,2.1472505.59min mmF        (1) 

NWP data 

ECMWF forecast 

12:00 UTC 

Active fires 

from FD&M 

Satellite Data 

Land Cover Map 

(GLC2000) 

DSR Classes of 

fire risk 
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In the above equation, m  denotes the so-called fine fuel moisture content after drying 

defined as: 
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where *

0m , dE , dk , wE  and wk respectively represent the fine fuel moisture content 

from the previous day, the fine fuel Equilibrium Moisture Content (EMC) for drying, 

the log drying rate, the fine fuel EMC for wetting and the log wetting rate, all of which 

will be defined hereafter. 

 

The fine fuel moisture content from the previous day, 
*
0m , is defined as: 
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where 0m  is the fine fuel moisture content as estimated from the FFMC of the previous 

day, 0F , rm  is the fine fuel moisture content after rain and 0r  is the cumulated 

precipitation at 12:00 [in mm]. 

 

The fine fuel moisture content after rain, rm , is essentially a corrected 0m  by rainfall, 

which is obtained by adding the correction factor m  given by: 
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where fr  is the so-called FFMC effective rainfall, defined as: 

 

5.00  rrf           (5) 

 

The fine fuel EMC for drying, dE , is given by: 

 
    HH

d eTeHE 115.010100679.0 11.2118.011942.0      (6) 

 

where H  is relative humidity at 12:00 [in %] and T  is the 2m air temperature at 12:00 

[in ºC]. 
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The log drying rate, dk  [in log10(m/day)] is given by: 

 
T

d ekk 0365.0
0 581.0         (7a) 

 

where 

 

     85.07.1
0 10010694.01001424.0 HWHk      (7b) 

 

is the intermediate step for the computation of dk , and W  is the wind speed at 12:00 [in 

km/h]. 

 

The fine fuel EMC for wetting, WE , is given by: 

 
    HH

W eTeHE 115.010100753.0 11.2118.010618.0      (8) 

 

and the log wetting rate, Wk  [in log10(m/day)] is given by: 

 
T

W ekk 0365.0
1 581.0         (9a) 

 

where 
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is the intermediate step for the computation of Wk  

 

 

II. Computation of DMC 

 

The Duff Moisture Code (DMC), hereby denoted as P , is a numeric rating of the 

average moisture content of loosely compacted organic layers of moderate depth. This 

code gives an indication of fuel consumption in moderate duff layers and medium-size 

woody material (CFS, 2007). DMC of a given day is defined as: 

 










mm5.1,100

mm5.1,100

0

00

rKP

rKP
P

r

      (10) 

 

where 0P  is simply the DMC of the previous day and where rP  and K , respectively 

represent the DMC after rain and the log drying rate in DMC, which will be defined 

hereafter. 

 

The DMC after rain is given by: 
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  0,20ln43.4372.244max  rr MP       (11) 

 

where rM  is the duff moisture content after rain defined as: 

 

 eer rbrMM  79.4810000        (12) 

 

In the above expression 0M  is the duff moisture content from the previous day given 

by: 
 43.436348.5

0
020

P
eM


         (13) 

 

er  is the effective rainfall for DMC given by: 

27.192.0 0  rre          (14) 

 

and b  is the slope variable in DMC rain effect defined as: 

 

 

















65,2.17ln2.6

6533,ln3.114

33,3.05.0100

00

00

00

PP
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b       (15) 

 

 

 

Finally, the log drying rate in DMC, K  [in  dayM10log ] is given by: 

 

   6101000,1.1max894.1  eLHTK      (16) 

 

where eL  is the effective day length in DMC [in hours] as defined in Table 1. 

 

 
Table 3. Annual cycle of effective day length in DMC [in hours]. 

Month Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

eL  6.5 7.5 9.0 12.8 13.9 13.9 12.4 10.9 9.4 8.0 7.0 6.0 

 

 

 

III. Computation of DC 

 

The Drought Code (DC), hereby denoted as D , is a numeric rating of the average 

moisture content of deep, compact organic layers. This code is a useful indicator of 

seasonal drought effects on forest fuels and the amount of smoldering in deep duff 

layers and large logs (CFS, 2007). DC of a given day is defined as: 
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mm8.2,5.0D

mm8.2,5.0

0r

00

rV

rVD
D        (17) 

 

where 0D  is simply the DC of the previous day and where rD  and V  respectively 

represent the DC after rain and the potential evapotranspiration, which will be defined 

hereafter. 

 

The DC after rain is given by: 

 

  0,800ln400max rr QD         (18) 

 

where rQ  is the moisture equivalent after rain defined as: 

 

dr rQQ 937.30           (19) 

 

In the above expression 0Q  is the moisture equivalent of previous day’s DC, given by: 

 
400

0
0800

D
eQ


          (20) 

 

and dr  is the effective rainfall for DC, given by: 

 

27.183.0 0  rrd          (21) 

 

Finally, the potential evapotranspiration [in units of 9.254 mm water/day] is given by: 

 

  0,0,8.2max36.0max fLTV        (22) 

 

where fL  is the day length adjustment in DC [in hours] as defined in Table 2. 

 

 
Table 4. Annual cycle of day length adjustment [in hours]. 

Month Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

fL  -1.6 -1.6 -1.6 0.9 3.8 5.8 6.4 5.0 2.4 0.4 -1.6 -1.6 

 

 

IV. Computation of ISI 

 

The Initial Spread Index (ISI), hereby denoted as R , is a numeric rating of the expected 

rate of fire spread. It combines the effects of wind and the FFMC on rate of spread 

without the influence of variable quantities of fuel (CFS, 2007). ISI is given by: 
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   FfWfR 208.0         (23) 

 

where  Wf  and  Ff  are the wind function and the fine fuel moisture function, 

respectively defined as: 

 

  WeWf 05039.0          (24) 

 

where W  is the wind speed at 12:00 [in km/h] and 

 

    731.51386.0 1093.419.91   meFf m       (25) 

 

 

V. Computation of BUI 

 

The BuildUp Index (BUI), hereby denoted as U , is a numeric rating of the total amount 

of fuel available for combustion. It combines the DMC and the DC (CFS. 2007). BUI is 

given by the following expression: 

 

 

     







DPPDPDPU

DPDPPDU

4.0,0114.092.04.08.01

4.0,4.08.0

7.1
  (26) 

 

 

 

VI. Computation of FWI 

 

The Fire Weather Index (FWI), hereby denoted as S , is a numeric rating of fire 

intensity. It combines the Initial Spread Index and the BuildUp Index. It is suitable as a 

general index of fire danger throughout the forested areas (CFS, 2007). FWI is given 

by: 

 

 












1,

1,
647.0

ln434.072.2

BB

Be
S

B

       (27) 

 

where B  is the so-called intermediate form of FWI, given by: 

 

 DfRB 1.0          (28) 

 

In the above expression,  Df  is the duff moisture content, given by: 

 











 80,64.108251000

80,2626.0

023.0

809.0

Ue

UU
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U
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VII. Computation of DSR 

 

The Daily Severity Rating (DSR), hereby denoted as Z , is a numeric rating of the 

difficulty of controlling fires. It is based on the Fire Weather Index but more accurately 

reflects the expected efforts required for fire suppression (CFS, 2007). DSR is given by: 

 

  77.1
0272.0 SZ           (30) 

 

 

3.1.3. Classes of fire risk 

 

As shown in Figure 3, all components of CFFWIS are computed over Europe (pixels in 

white and black), while classes of fire danger are only estimated over Mediterranean 

Europe (pixels in black), defined as the area comprehended between 9.5ºW and 45ºE in 

longitude and between 34ºN and 48ºN in latitude. 

 

 

Figure 3. Geographical areas of the MSG disk covered by the FRM product; components of 

CFFWIS are computed over pixels in white and black, whereas classes of fire risk are only 

computed over Mediterranean Europe (pixels in black). 

Classes of fire risk are assessed by associating, for different types of vegetation cover 

(Table 5), pixel values of FWI with number of active fires, as identified during July and 

August 2008-2009 (Figure 4) by the FD&M product in Mediterranean Europe (Figure 3, 

pixels in black). It may be noted that the FD&M product relies on FiDAlgo (Fire 

Detection Algorithm), an operational procedure that allows active fire detection in near 

real time, based on information from Meteosat-8/SEVIRI. FiDAlgo is based on 

contextual algorithms that have been successfully developed for different sensors, 

namely NOAA-AVHRR and MODIS (see Doc: SAF/LAND/IPMA/ATBD_FD&M). 
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Table 5. Relative frequencies (in %) of occurrence of active fires exceeding specified thresholds (0, 

5, 10, 20, 30, 50) for different classes of FWI, for Mediterranean Europe (Figure 3, pixels in black), 

for tree cover, broad-leaved tree, shrub, cultivated and managed areas characteristic of Iberian 

Peninsula and of central and eastern Europe, tree cover needle-leaved and other types of 

vegetation, such as tree cover mixed leaf type and herbaceous cover. 

  Broad-leaved Tree      Shrub 

   FWI      FWI  

  <=10 ]10, 15] >15    <=35 ]35, 45] >45 

 0 60 71 84   0 50 70 82 

 5 40 46 63   5 17 36 59 

N Fires 10 20 39 54  N Fires 10 17 16 50 

 20 20 30 44   20 8 9 36 

 30 0 18 40   30 0 5 25 

 50 0 9 33   50 0 4 21 

 
Cultivated Area (I. Penins.+France)    Cultivated Area 

   FWI      FWI  

  <=30 ]30, 40] >40    <=15 ]15, 20] >20 

 0 67 73 83   0 35 76 82 

 5 24 50 83   5 13 33 54 

N Fires 10 15 42 83  N Fires 10 3 14 35 

 20 6 27 83   20 0 5 21 

 30 3 17 67   30 0 0 7 

 50 0 13 50       

 
 Needle-leaved Tree    All but BL, NL, Shrub and CA 

   FWI      FWI  

  <=25 ]25, 35] >35    <=20 ]20, 35] >35 

 0 0 19 84   0 6 43 70 

 5 0 13 63   5 1 18 60 

N Fires 10 0 11 54  N Fires 10 0 11 40 

 20 0 8 44   20 0 7 40 

 30 0 6 40   30 0 4 30 

 50 0 4 33   50 0 2 30 
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Figure 4. Number of active fires in July and August 2008-2009 over Europe (Figure 3, pixels in 

white and black). Red pixels represent number of fires greater or equal to 30. 

 

Analysis of spatial distribution of fire pixels and active fires showed that most fires 

occur in the following types of vegetation according to GLC2000 land cover 

classification (see Figure 10): shrub, tree cover broad-leaved, tree cover needle-leaved, 

cultivated and managed areas. The remaining types of vegetation did not show 

significant fire activity and were therefore grouped into a single type. Conditional 

probabilities of occurrence of fires above a certain threshold for specified ranges of FWI 

were finally computed for each of the selected types of vegetation (Table 5). 

 

It is worth noting that cultivated and managed areas present distinct characteristics in 

what respects to number of fires and FWI values in the Iberian Peninsula and France 

when compared to other regions. For this reason, classes of risk in this type of 

vegetation were separately assessed for these two areas. 

 

3.2. Data description 

3.2.1. Geolocation/Rectification 

 

The FRM SEVIRI-based fields are generated pixel-by-pixel, maintaining the original 

resolution of SEVIRI level 1.5 data. These correspond to rectified images to 0º 

longitude, which present a typical geo-reference uncertainty of about 1/3 of a pixel. 

Data are kept in the native geostationary projection. 

 

Files containing the latitude and longitude of the centre of each pixel may be 

downloaded from the Land-SAF website (https://landsaf.ipma.pt/, under “User Tools – 

Auxiliary Data”): 

 

Longitude 

HDF5_LSASAF_MSG_LON_MSG-Disk.bz2 

 

Latitude 

HDF5_LSASAF_MSG_LAT_ MSG-Disk.bz2 

 

https://landsaf.ipma.pt/
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Alternatively, since the data are in the native geostationary projection, centred at 0º 

longitude and with a sampling distance of 3 km at the sub-satellite point, the latitude 

and longitude of any pixel may be easily estimated. Given the pixel column number, 

ncol (where ncol=1 correspond to the westernmost column of the file), and line number, 

nlin (where nlin=1 correspond to the northernmost line), the coordinates of the pixel 

may be estimated as follows: 

 

 lonsub
s

s
arctglon _










1

2   longitude (deg) of pixel centre 
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CFAC

COFFncol
x






162
   (in Degrees) 

LFAC

LOFFnlin
y






162
   (in Degrees) 

421641p  

1.0068032 p  

17371218563 p  

13642337LFAC

13642337



CFAC
 

 

The CFAC and LFAC coefficients are column and line scaling factors which depend on 

the specific segmentation approach of the input SEVIRI data. Finally, COFF and LOFF 

are coefficients depending on the location of the each Land-SAF geographical area 

within the Meteosat disk. These are included in the file metadata (HDF5 attributes; 

Annex A), and correspond to the set of values detailed on Table 6 for SEVIRI/MSG 

Europe area. 
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Table 6. Number of columns (ncol) and number of lines (nlin), for the MSG disk and Europe 

(where the product is computed); values of COFF and LOFF coefficients are also provided. 

Region 

Name 
Description 

Maximum 

ncol 

Maximum 

nlin 
COFF LOFF 

MSG-

Disk 
Globe 3712 3712 1856 1856 

Euro Europe 1701 651 308 1808 

 

 

 

 

3.2.2. Input data 

3.2.2.1.  Numerical Weather prediction data 

Meteorological auxiliary data needed by the FRM algorithm are derived from ECMWF 

forecasts. Originally defined on a 0.25°×0.25° lat-lon grid and retrieved at 12h, 

meteorological data are mapped onto the MSG grid and spatially interpolated for 2-

meter air temperature (Figure 5), 2-meter dew point temperature (Figure 6), 10-meter 

wind speed (Figure 8) and 24-hour cumulated precipitation (Figure 9). Dew point 

temperature is used together with temperature to compute air relative humidity, H  

(Figure 7). According to Magnus’ expression, H  is given by: 

 

 weeH 100          (31) 

where e [in hPa] and we [in hPa] are respectively, the environmental vapour pressure 

and saturation vapour pressure given by: 

  dd TTe  lnexp        (32a) 

  TTew  lnexp         (32b) 

where hPa112.6  is the reference saturation vapour pressure, 62.17  and 

Cº12.243 . 
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Figure 5. ECMWF forecast of 2-meter air temperature [in ºC], at 12Z of 04/03/2010 over the LSA 

SAF MSG-Disk. 

 

 

 

 
Figure 6. As in Figure 5, but respecting to 2-meter dew-point temperature [in ºC]. 
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Figure 7. As in Figure 5, but respecting to relative humidity [in %]. 

 

 

 

 
Figure 8. As in Figure 5, but respecting to wind speed [in m/s]. 
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Figure 9. As in Figure5, but respecting to cumulated precipitation in 24 h [in mm]. 

 

 

 

3.2.2.2. Vegetation data 

The land cover map used in the FRM algorithm was the Global Land Cover 2000 

(GLC2000). Restricted to Mediterranean Europe (Figure 3, pixels in black), GLC2000 

was reprojected from its original regular latitude×longitude grid onto the MSG 

projection, i.e. onto the Normalized Geostationary Projection (NGP), using the most 

frequent value in the resampling of the data (Figure 10). 

 

 
Figure 10. Land Cover map as identified by GLC2000, for the types of vegetation with interest for 

the retrieval of fire risk, for Mediterranean Europe. 
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3.2.3. Exception Handling 

The algorithm operates in two different modes: 0 and 1. 

The normal mode of operation is 1. Mode 0 is only used if it is the first time that the 

algorithm is going to run, or if there is some problem with input data or the system and 

there are no input data; in this mode the three fuel moisture codes are initialised as 

85FFMC , 6DMC  and 15DC . 

 

 

3.2.4. Output data 

The FRM product consists of daily fields disseminated every day of the following 

variables, defined over sub-regions of the MSG disk:  

 Components of the CFFWIS defined over Europe (Figure 3, pixels in white and 

black) 

 Classes of fire risk defined over Mediterranean Europe (Figure 3, pixels in 

black) 

The main characteristics of the domains are described in Table 7. 

 

 
Table 7. Characteristics of the Europe LSA SAF geographical area: the region is defined by the 

corners position relative to an MSG image of 3712 columns per 3712 lines, starting from North to 

South and from West to East. 

Region Name 
Initial 

Column 

Final 

Column 

Initial 

Line 

Final 

Line 

Size  

in 

Columns 

Size  

in 

Lines 

Total 

Number of 

Pixels 

MSG Disk 1 3712 1 3712 3712 3712 13.778.944 

Europe 1550 3250 50 700 1701 651 1.107.351 

 

 

 

3.2.4.1. Fire indices 

The FRM algorithm also uses as input, fire indices that are obtained from output files 

from the previous day, namely Fine Fuel Moisture Code (FFMC), Drought Code (DC) 

and Duff Moisture Code (DMC), as shown in Figures 11, 12 and 13, respectively. These 

indices are only computed over Europe (Figure 3, pixels in white and black). 

 

Figures 14 and 15, 16 and 17 present examples of the remaining output files of the FRM 

algorithm, namely the Initial spread Index (ISI), BuildUp Index (BUI), Fire Weather 

Index (FWI) and Daily Severity Rating (DSR). 
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Figure 11. Fine Fuel Moisture Code (FFMC) at 12Z of 23/08/2015 for the LSA SAF MSG-Disk, 

over  Europe. 

 

 

 

 
Figure 12. As in Figure 11, but respecting to Drought Code (DC). 
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Figure 13. As in Figure 11, but respecting to Duff Moisture Code (DMC). 

 

 

 

 
Figure 14. Initial Spread Index (ISI) at 12Z of 22/08/2015 over the LSA SAF MSG-Disk. 
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Figure 15. As in Figure 14, but respecting to Build-Up Index (BUI). 

 

 

 

 
Figure 16. As in Figure 14, but respecting to Fire Weather Index (FWI). 
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Figure 17. As in Figure 14, but respecting to Daily Severity Rating (DSR). 

 

 

 
 

3.2.4.2. Maps of fire risk 

 

Figure 18 shows an example for August 23 2015 of an output map of classes of fire risk. 

Pixels in green, yellow and red represent low, moderate and high risk, respectively.  

 

 

 
 

Figure 18. Example, for August 23 2015, of a map of classes of fire risk for Mediterranean Europe. 

Green, yellow and red correspond to low, moderate and high risk of fire. 
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3.2.4.3. Structure of output data 

 

Output data are coded in HDF5 format. The HDF5 files in LSA SAF system have the 

following structure: 

 

 A common set of attributes for all kind of data, containing general information 

about the data (including metadata compliant with U-MARF requirements); 

 A dataset for the parameter values; 

 Additional datasets for metadata (e.g., quality flags). 

 

The FRM product, estimated once a day, is available in an HDF5 file containing ten 

datasets: 

 

 FWI; 

 DSR; 

 BUI; 

 ISI; 

 FFMC; 

 DMC; 

 DC; 

 Risk; 

 Table_Ref; 

 Quality Control information; 

 

Namely, the three fuel moisture codes (FFMC, DMC, DC), the three fire behaviour 

indices (ISI, BUI, FWI), the Daily Severity Rating (DSR), the Risk (low, moderate and 

high, 10, 20 and 30, respectively), the Table_Ref (10, 20, 30, 41, 42, 43 and 50 for 

shrub, tree cover broad-leaved, tree cover needle-leaved, cultivated and managed areas 

for Iberian Peninsula and France, cultivated and managed areas for the remaining 

regions and all other types of vegetation, respectively) and a flag indicating processed 

pixels (pixels in land) and non-processed pixels (water pixels or pixels out of Europe or 

pixels out of MSG disk). This flag further indicates in which mode the algorithm ran. 

The relevant information concerning the data fields is included in HDF5 attributes. A 

detailed description of the attributes (general and common) defined for the FRM 

product is given in Annex A. 
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3.3. File Formats  

 

At each time step the FRM algorithm generates an external output file according to the 

following name convention: 
 

HDF5_LSASAF_MSG_FRM-Fhhh_MSG-Disk_YYYYMMDDHHMM 
 

where hhh denotes 24h, 48h or 72h forecasts and YYYY, MM,  DD, HH and MM 

respectively, denote the year, the month, the day, the hour and the minute of data to 

which respects the forecast. 

 

It is worth stressing that YYYYMMDDHHMM indicates the date of the forecast and that 

Fhhh (where hhh is 024, 048, or 072) indicates that the forecast model started hhh hours 

before. For instance, if the name of the output file is HDF5_LSASAF_MSG_FRM-

F024_MSG-Disk_201508201200; it means that data refer to August 20, 2015 at 12:00 

and are the result of a 24h forecast (i.e. the model run started at August 19, 2015 at 

12:00). 

 

Libraries for handling HDF5-files in Fortran and C are available at 

ftp://ftp.ncsa.uiuc.edu/HDF/HDF5/hdf5-1.6.2/. A user friendly graphical interface to 

open and view HDF5-files may be downloaded from http://hdf.ncsa.uiuc.edu/hdf-java-

html/hdfview/. 

 

The HDF5-format allows defining a set of attributes that provide the relevant 

information. As described in the Annex A the FRM product information includes the 

general attributes (Table A 1) and the dataset attributes (Table A 2). Within the HDF5-

files the information is organised in the form of separate datasets. 

 

 

3.4. Summary of Product Characteristics 

 

Product Name:  Fire Risk Map 

Product Code:   FRM 

Product Level:  Level 3 

Description of Product: Fire Risk Map 

 

Product Parameters: 

 Coverage:   MSG-Disk 

 Packaging:   MASG-Disk 

 Units:    Adimensional 

 Geo-location Requirements:  

 Format:   16 bits signed integer 

ftp://ftp.ncsa.uiuc.edu/HDF/HDF5/hdf5-1.6.2/
http://hdf.ncsa.uiuc.edu/hdf-java-html/hdfview/
http://hdf.ncsa.uiuc.edu/hdf-java-html/hdfview/
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 Appended Data:  Quality control information (16 bits integer) 

 Frequency of generation:  Once a day 

 Size of Product:   

 

 

Additional Information: 

 Identification of bands used in algorithm: 

     not applicable 

 Assumptions on SEVIRI input data: 

     not applicable 

 Identification of ancillary and auxiliary data: 

    2-m temperature (from ECMWF) 

    2-m dew point temperature (from ECMWF) 

    10-m zonal component of wind (from ECMWF) 

    10-m meridional component of wind (from ECMWF) 

    Cumulated precipitation in 24 h (from ECMWF) 

 

 

Quality Indices 

FRM fields are associated with a quality flag index field, coded in 16-bit word. The 

expected values for QC information are described in Table 8 as well as their meaning.  

 
Table 8. Description of RFM/SEVIRI QC information. 

Binary Value  Decimal 

Value 

Description 

0 0 sea/out of disk  pixel (not processed) 

0101 5 Mode 0 (initialisation of the algorithm) and land 

1000 8 Mode 1 and sea or out of Europe (not processed) 

1101 13 Mode 1 and land over Europe 
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4. Constrains and limitations 

As pointed out by Chuvieco and Congalton (1989), structural risk is generally 

assessed by means of a set of variables related to long-term fire hazard. Choice of 

relevant variables involves studying statistical relationships between long-term records 

of variables and fire events. In this particular, assessing the heat and water stress of 

vegetation involves the development of statistical models that relate the amount of burnt 

area during the fire season with averages of relevant meteorological parameters over a 

certain period prior to the fire season (Calado et al., 2009). In fact, about 50% of 

observed inter-annual variability of the logarithm of cumulated burnt area in July and 

August over Continental Portugal is explained by the average temperature and the 

cumulated precipitation in the previous months of May and June (DaCamara et al., 

2007). On the other hand, other factors have to be taken into account when refining the 

levels of fire risk. These factors range from fuel structure and terrain characteristics up 

to human activities and climate variability. 

Taking into account the above-described constrains and limitations, it is 

currently planned to refine the levels of fire risk by taking into account indicators of 

vegetation stress (e.g. daily cycle of LST, FVC, LAI as obtained from LSA SAF 

products) and by considering the fact that different weather regimes in spring may lead 

to different levels of thermal and water stress of vegetation at the beginning of the fire 

season. 
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ANNEX A – Product Metadata – SEVIRI FRM 

Table A 1 General attributes of the files for the SEVIRI FRM product. 

Attribute Allowed Values Data Type 

SAF LSA String<3> 

CENTRE IM-PT String<5> 

ARCHIVE_FACILITY IM-PT String<5> 

PRODUCT FWI String<79> 

PARENT_PRODUCT_NAME  Array(4) of string<79> 

SPECTRAL_CHANNEL_ID 0 Int 

PRODUCT_ALGORITHM_VERSION X.Y String<4> 

CLOUD_COVERAGE - String<20> 

OVERALL_QUALITY_FLAG OK or NOK String<3> 

ASSOCIATED_QUALITY_INFORMATION  - String<511> 

REGION_NAME MSG disk String<4> 

COMPRESSION 0 Int 

FIELD_TYPE Product String<255> 

FORECAST_STEP 0 Int 

NC 3712 Int 

NL 3712 Int 

NB_PARAMETERS 10 Int 

NOMINAL PRODUCT_TIME YYYYMMDDhhmm String<14> 
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Attribute Allowed Values Data Type 

SATELLITE  Array[10] of String<9> 

INSTRUMENT_ID  Array [10] of String<6> 

INSTRUMENT_MODE  String<511> 

IMAGE_ACQUISITION_TIME  String<14> 

ORBIT_TYPE GEO String<3> 

PROJECTION_NAME Geos<sub_lon> String<15> 

NOMINAL_LONG Actual Satellite Nominal Longitude  Real 

NOMINAL_LAT Actual Satellite Nominal Latitude  Real 

CFAC 13642337 Int 

LFAC 13642337 Int 

COFF 1856 Int 

LOFF 1856 Int 

START_ORBIT_NUMBER 0 Int  

END_ORBIT_NUMBER 0 Int  

SUB_SATELLITE_POINT_START_LAT 0.0 Real 

SUB_SATELLITE_POINT_START_LON 0.0 Real 

SUB_SATELLITE_POINT_END_LAT 0.0 Real 

SUB_SATELLITE_POINT_END_LON 0.0 Real 

SENSING_START_TIME  String<14> 

SENSING_END_TIME  String<14> 

PIXEL_SIZE 3.1km String<10> 

GRANULE_TYPE DP String<2> 

PROCESSING_LEVEL 03 String<2> 

PRODUCT_TYPE LSAFWI String<8> 

PRODUCT_ACTUAL_SIZE  
Integer > 0, encoded as 

String<11> 

PROCESSING_MODE N String<1> 

DISPOSITION_FLAG O String<1> 

TIME_RANGE 15-min String<20> 
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Attribute Allowed Values Data Type 

STATISTIC_TYPE - String<20> 
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Table A 2 Attributes of the RFM/SEVIRI DSR dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT DSR String, length=4 

PRODUCT_ID 999  32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 100.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 
Table A 2 Attributes of the RFM/SEVIRI FWI dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT FWI String, length=4 

PRODUCT_ID 999  32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 100.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 
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Table A 2 Attributes of the RFM/SEVIRI BUI dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT BUI String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 10.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -800 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 

 
Table A 2 Attributes of the RFM/SEVIRI ISI dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT ISI String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 100.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 
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Table A 2 Attributes of the RFM/SEVIRI FFMC dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT FFMC String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 10.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -800 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 

 
Table A 2 Attributes of the RFM/SEVIRI DMC dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT DMC String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 10.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -800 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 
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Table A 2 Attributes of the RFM/SEVIRI DC dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT DC String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 10.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -800 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 
Table A 2 Attributes of the RFM/SEVIRI Risk dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT Risk String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 1.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 
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Table A 2 Attributes of the RFM/SEVIRI Table of Reference dataset. 

Name  Value Type 

CLASS Data String, length=4 

PRODUCT TRef String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 1.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 

 

 
Table A 2 Attributes of the RFM/SEVIRI Quality Flag information  dataset. 

Name Value Type 

CLASS Data String, length=4 

PRODUCT Q_FLAGS String, length=4 

PRODUCT_ID 999 32-bit integer 

N_ COLS 3712 32-bit integer 

N_ LINES  3712 32-bit integer 

NB_BYTES 2 32-bit integer t 

SCALING_FACTOR 1.0  64-bit floating-point 

OFFSET 0.0 64-bit floating-point 

MISS_VALUE -8000 32-bit integer 

UNITS Dimensionless  String, length=13 

CAL_SLOPE 999.0 64-bit floating-point 

CAL_OFFSET 999.0 64-bit floating-point 

 

 


