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1. INTRODUCTION 

1.1. PURPOSE 

The purpose of this document is the explanation of the Final Classification Scheme developed within the 
project. This scheme classifies and characterizes European fuel types based on a novel approach that 
combines relevant information on ecoregions, land uses, potential and actual vegetation, and stand 

structure. 

1.2. SCOPE 

This Document is one of the final deliverables of the FUELMAP project 

1.3. DEFINITIONS AND ACRONYMS 

1.3.1. DEFINITIONS 

Concepts and terms used in this document and needing a definition are included in the following table: 

Table 1 Definitions 

Concept / Term Definition 

  

1.3.2. ACRONYMS 

Acronyms used in this document and needing a definition are included in the following table: 

Table 2 Acronyms 

Acronym Definition 
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2. REFERENCES 

2.1. APPLICABLE DOCUMENTS 

The following documents, of the exact issue shown, form part of this document to the extent specified 
herein. Applicable documents are those referenced in the Contract or approved by the Approval Authority. 
They are referenced in this document in the form [AD.X]: 

Table 3 Applicable Documents 

Ref. Title Code Version Date 

[AD.1] GMV’s proposal to JRC for Development of a European Fuel 
Map 

GMVSA 
1257/08 

1.0 23/07/2008 

[AD.2] Project Management Plan GMVAD 
20068/09 

1.0 21/01/2009 

2.2. REFERENCE DOCUMENTS 

The following documents, although not part of this document, amplify or clarify its contents. Reference 
documents are those not applicable and referenced within this document. They are referenced in this 

document in the form [RD.X]: 

Table 4 Reference Documents 

Ref. Title Code Version Date 

[RD.1] Deliverable 1. Draft fuel Classification for Europe - 1.0 01/2010 

[RD.2] FUELMAP SW TOOL USER MANUAL GMVAD 20159/11 V1/11 1.0 07/02/11 
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3.  FUELMAP FUEL COMPLEX CLASSIFICATION AND MAPPING 

3.1. INTRODUCTION 

In the context of FUELMAP project a novel fuel classification approach is defined and a fuel map for the 
EU27+ (i.e., EU27 plus Switzerland, Turkey and Croatia) is developed from the combination of existing 
cartographic data sets and information on vegetation in Europe. The fuel classification framework enables 

the cataloguing of forest fuel complexes across Europe and their classification according to the assessed 
capacity to support fire occurrence and contribute to fire potential. It is designed to support a variety of 
users and simplify the description of complex fuel situations found in Europe to a reasonable degree that 
accommodate its use for assessing fire potential (fire danger and fire risk), the global impact of large fires, 
and in particular the modelling of biomass consumption and fire emissions. 

According to the State of the Art Review previously performed ([RD.1]), the combination of existing 
geographical layers (i.e., forest type/land cover, topography, soils, etc.) is one of the most widely used 

novel approaches for mapping fuels. The purpose of combining layers is to model vegetation composition 
and structure, which can be considered as one of the most relevant characteristics that should be used as 
input to model fuels, and together with site factors such as slope, aspect etc., influence fuel bed 
characteristics and ultimately fire behavior and effects. The FUELMAP fuel classification and map have 
been derived following a hierarchical approach by combining GIS layers available at pan-European scale. 
Its hierarchical approach will allow that more refined classes might be introduced in the future, nested 

within the same scheme, for eventual regional or local applications. The Fuel complexes defined in 
FUELMAP represent the main fuel strata present at a site. A fuel complex is composed of up to four fuel 
strata: tree, shrub, non-woody vegetation (grass and herbs), and ground (litter, peat). A fuelbed is similar 
to a fuel complex—the two terms are often used synonymously; however, a fuelbed does not necessarily 
refer to all fuel strata present (as does a fuel complex). Thus the fuel complexes defined and proposed in 
FUELMAP are not fuelbeds representing real time situations or fuel models suitable for running fire 
behavior exercises. They mostly represent vegetation structures of natural or semi-natural vegetated 

areas and forest plantations that can be observed across Europe.  

The fuel classification combines relevant information on ecoregions, land cover and land uses, potential 

and actual vegetation, and stand structure. Furthermore, relevant parameters influencing fire potential 
and effects such as fuel load, live/dead ratio, and fuels’ size classes distribution are considered, aiming to 
support qualitatively the assessment of fire risk, extreme fire behaviour, fire effects, fire emissions and 
relative loss of carbon storage and biomass.  

As regards the mapping process a rule-based approach has been implemented to assign fuel complexes to 

unique combinations of the spatial layers. Furthermore, existing EU-level forest inventories have been 
used for the validation of the final fuel classification and fuel map. National, regional and local data sets 
(e.g., forest inventories and vegetation maps) shall be used as source for accessing vegetation and fuels 
description information at a higher spatial resolution. Finally, a suitable GIS (Geographical Information 
System) software application has been developed for updating fuel maps in the future, based on modified 
input layers.  

In summary, the European dimension of the FUELMAP framework will deliver to the European Commission 
(EC) and to the authorities of EU27+ countries involved in forest and fire management with a consistent 
and durable system for classifying and mapping fuel complexes which shall be an efficient tool for 

decision-making at the EU level. 

3.2. FUELMAP FUEL COMPLEX CLASSIFICATION AND MAPPING 

3.2.1. METHODOLOGY 

In the following, we report the methodology applied to derive the fuel classification and fuel map for 
EU27+. We have defined a hierarchical structure with three levels of fuel classification (FL) (Figure 3-1), 
which contribute to the objectives of FUELMAP. 
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Figure 3-1: Three-level classification approach applied to derive the EU FUELMAP 

The FUEL Level 1 (FL1) combines information about ecoregion and land uses in Europe. In this FL1 Europe 
is subdivided in the main ecoregions (based on the classification by Metzger et al. (2005)), in order to 
have a global picture of the main ecosystems found across European landscapes. FL1 is the basis of 

FUELMAP since it analyzes actual land use-land cover (LULC) information that is used as ―ground truth‖ 
data for deriving the main groups of vegetation land-cover types, which are further characterized in FL2 to 
derive the extended set of Fuel Complexes. Specifically, FL1 is the result of the reclassification -and 
mapping at 250 m- of CORINE Land Cover-2000 classes (CEC 1994; EEA 2002) for each of the European 
ecoregions. LULC information is classified in order to derive the vegetation land-cover types with burnable 
components, i.e., ―Wildland fuels‖ (e.g., grasslands, shrublands, forest areas, etc.), and the types covered 
by ―Non-fuels‖ (e.g., artificial, urban areas, etc.). Furthermore, given that a great part of EU is covered by 

agricultural land, which in some cases (agricultural crops, olive groves, wine yards, fruit trees, etc.) is 
susceptible to burn, particularly in Mediterranean areas, a third group of land-cover types covered by 
―Non- wildland fuels‖ is also considered and mapped.  

 

The next FUEL Levels of the classification (FL2 and FL3) focus on refining the properties of the ―Wildland 

fuels‖ (WF) defined in FL1, by means of describing them in terms of the main vegetation types (i.e., 

deriving their species composition and vertical structure), examining their relative fire potential, and 
assigning relevant parameters to them (Figure 3-1). FL2 classifies and maps the set of European Fuel 
Complexes (FC) by combining FL1 WF with detailed information on potential vegetation types (PVT). The 
PVT classification defines a workable set of potential vegetation units with similar physical characteristics 
(physiognomy), based principally on the vegetation strata present (i.e., herbs, shrubs and trees) and their 
main species composition. Specifically, the extended set of FUELMAP FCs is derived and mapped by 
overlaying and cross-tabulating the WF with the PVT classes, applying a set of classification rules based on 

expert opinion. The purpose was to come up with an assessment of the horizontal distribution and the 
vertical stratification of the flammable-combustible material, present in the various vegetation types. In 
FL3, the extended FC list is processed in order to regroup the fuel complexes into a reduced number of 
classes representing vegetation situations having similar flammability, behavior and performance to fire. 
These are the so called final set of Fuel Types. These are further associated with a total biomass 
assessment and a set of fuel parameters namely, fuel load, particles’ size class distribution, and live-dead 
ratio. 
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3.2.2. FUELMAP FL1 LEVEL OF CLASSIFICATION 

The objective of FL1 is to consider the environmental context of the vegetation distribution using the 
concept of the ―Ecoregion‖, which reflects regions with similar climate, physiography, and geomorphology, 
and to combine them with the major groups of vegetation land-cover types derived from the LULC classes 
found in Europe based on CORINE-2000 (CLC). The following steps have been followed to derive FL1 
vegetation land-cover types and FL1 map:  

1. Delineation of the EU27+ (EU 27 plus Croatia, Switzerland and Turkey) area that concerns the 
FUELMAP project. 

2. Homogenisation of data layers. All the relevant datasets (i.e., CLC, Ecoregion map, vegetation 
maps etc.) were taken to a common reference system in EC’s datasets and later rasterised to a 
common cell size of 250 m. The chosen reference system was that of the CORINE Land Cover 
database. Geotiff was chosen as raster output format because of being a standard. Relevant 

attributes of each layer were stored in a geotiff metadata, where each attribute was a different 
band. 

 

3. FL1a- Definition of Ecoregions: We created a map (FL1a layer) with the delineation of the 
ecoregions of Europe based on the Environmental Zones derived by Mücher et al. (2003) and 
Metzger et al. (2005), selecting the 12 EnZ (Environmental Zones) covering EU27+ (including the 
European part of Turkey). For the Anatolian Peninsula and Cyprus, not covered by Metzger et al. 

(2005), we selected the 3 ecoregions defined by the Biogeographical map of Europe of the 
European Environment Agency (EEA) (Roekaerts 2002). The set of 15 ecoregions are summarized 
in Table 5 and Figure 3-2 

 

Ecoregions Source Acronym - EnZ Name 

1 Metzger ALN Alpine North

2 Metzger BOR Boreal

3 Metzger NEM Nemoral

4 Metzger ATN Atlantic North

5 Metzger ALS Alpine South

6 Metzger CON Continental

7 Metzger ATC Atlantic Central

8 Metzger PAN Pannonic-Pontic

9 Metzger LUS Lusitanian

10 EEA Anatolian

11 Metzger MDM Mediterranean Mountains

12 Metzger MDN Mediterranean North

13 Metzger MDS Mediterranean South

14 EEA Mediterranean East

15 EEA Black Sea
 

Table 5 Ecoregions 
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Figure 3-2: Ecoregions 

 

4. FL1b- Reclassification of LULC (Land Use-Land Cover) classes: We created a map (FL1b 
layer) with the reclassification of CLC (level 3 legend) classes into the main vegetation land-cover 
types defined for the study area. CLC covers EU27 and Turkey in the most updated version (v. 13, 
February 2010). The main vegetation land-cover types (FL1 classes) were grouped in Non-fuels 
(NF), Wildland fuels (WF), and Non-Wildland fuels (NWF) as follows (Table 6 and Figure 3-3): 
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CLC_CODE CLC LABEL3 FL1b-Code FL1b FUEL CLASS/TYPE
NO DATA 0 NO DATA

211 Non-irrigated arable land 1 Non-Wildland fuels (NWF)- annual crops

212 Permanently irrigated land 1 Non-Wildland fuels (NWF)- annual crops

241 Annual crops associated with permanent crops 1 Non-Wildland fuels (NWF)- annual crops

242 Complex cultivation patterns 1 Non-Wildland fuels (NWF)- annual crops

221 Vineyards 2 Non-Wildland fuels (NWF)- permanent crops

222 Fruit trees and berry plantations 2 Non-Wildland fuels (NWF)- permanent crops

223 Olive groves 2 Non-Wildland fuels (NWF)- permanent crops

112 Discontinuous urban fabric 3 Wildland urban interface-WUI

141 Green urban areas 4 Wildland urban interface-WUI

243

Land principally occupied by agriculture, with 

significant areas of natural vegetation 5 NWF- Agricultural-with natural vegetation

231 Pastures 6 Wildland fuels-WF

244 Agro-forestry areas 7 Wildland fuels-WF

311 Broad-leaved forest 8 Wildland fuels-WF

312 Coniferous forest 9 Wildland fuels-WF

313 Mixed forest 10 Wildland fuels-WF

321 Natural grasslands 11 Wildland fuels-WF

322 Moors and heathland 12 Wildland fuels-WF

323 Sclerophyllous vegetation 13 Wildland fuels-WF

324 Transitional woodland-shrub 14 Wildland fuels-WF

333 Sparsely vegetated areas 15 Wildland fuels-WF

334 Burnt areas 16 Wildland fuels-WF

411 Inland marshes 17 Wildland fuels-WF

421 Salt marshes 17 Wildland fuels-WF

412 Peat bogs 18 Wildland fuels-WF

111 Continuous urban fabric 19 Non-fuels-NF

121 Industrial or commercial units 19 Non-fuels-NF

122 Road and rail  networks and associated land 19 Non-fuels-NF

123 Port areas 19 Non-fuels-NF

124 Airports 19 Non-fuels-NF

131 Mineral extraction sites 19 Non-fuels-NF

132 Dump sites 19 Non-fuels-NF

133 Construction sites 19 Non-fuels-NF

142 Sport and leisure facil ities 19 Non-fuels-NF

213 Rice fields 19 Non-fuels-NF

331 Beaches, dunes, sands 19 Non-fuels-NF

332 Bare rocks 19 Non-fuels-NF

335 Glaciers and perpetual snow 19 Non-fuels-NF

422 Salines 19 Non-fuels-NF

423 Intertidal flats 19 Non-fuels-NF

511 Water courses 19 Non-fuels-NF

512 Water bodies 19 Non-fuels-NF

521 Coastal lagoons 19 Non-fuels-NF

522 Estuaries 19 Non-fuels-NF

523 Sea and ocean 19 Non-fuels-NF  

Table 6 FL1 Vegetation land-cover types derived from the reclassification of CORINE Land-Cover legend 
level 3 classes 
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Figure 3-3: Maps of FL1 with the reclassification of LULC (Land Use-Land Cover) classes in a) Non-fuels and 
Non-Wildland fuels, and b) Wildland fuels 

 

a) First, the artificial surfaces, water bodies and bare surfaces that are the non-burnable areas were 
identified and classified as Non-Fuels (NF) (single class). NF included the following CLC classes: 
1.1 to 1.4 of Artificial surfaces (except for 1.1.2 and 1.4.1, see below), plus 2.1.3. Rice fields, 
3.3.1 (Beaches, dunes, sands), 3.3.2 (Bare rocks), 3.3.5 (Glaciers, snow), 4.2.2. (Salines), 4.2.3 

(Intertidal flats) and 5.X.X (Water bodies) (Table 6). The remaining area was considered as 
«vegetation covered» susceptible to be burnt in a wildland fire. NF areas were mapped as one 
class in all ecoregions (Code 19 in FL1b layer). 

b) Non-Wildland Fuels (NWF) were classified in 4 main classes (mainly agricultural areas) including 

the following CLC codes (Table 6):  

i. NWF- annual crops (Code 1 in FL1b): mainly composed of herbaceous crops including CLC 
codes 2.1.1 Non-irrigated arable land, 2.1.2 Permanently irrigated land, 2.4.1 Annual 

crops, and 2.4.2 Complex cultivation patterns. 

ii. NWF- permanent crops (Code 2 in FL1b): mainly composed of woody crops, including CLC 
codes 2.2.1 Vineyards, 2.2.2 Fruit trees and berry plantations, and 2.2.3 Olive groves. 

iii. NWF-Agricultural with natural vegetation (Code 5): included CLC class 2.4.3. Land 
principally occupied by agriculture with significant natural vegetation. 

iv. NWF- Wildland Urban Interface areas (Codes 3 and 4): included CLC codes 1.1.2 
Discontinuous urban fabric, and 1.4.1 Green urban areas (except for those in the city 

centers). (Note: this category is subjected to changes in the final FUELMAP 
implementation. It could be revised at the end of the process, for example by buffering 
around rural/urban areas).  

c) The area remaining from the NF (non-fuels), and not covered by the polygons classified as NWF 

(non-wildland fuls) defines the extent of the so called Wildland Fuels (WF) area of FUELMAP, and is 
represented by 14 WF types (Codes 6 to 18, Table 6). WF included the following CLC classes: 

2.3.1 Pastures, 3.2.1 Natural grasslands, and 3.3.3 Sparsely vegetated areas as herbaceous WF; 
3.2.2 Moors and heathland, 3.2.3 Sclerophyllous vegetation, and 3.2.4 Transitional woodland-
shrub as WF with shrubs; 3.1.1 Broadleaved forest, 3.1.2 Coniferous forest and 3.1.3 Mixed forest 
as forest WF; 2.4.4 Agro-forestry areas; 3.3.4 Burnt areas; 4.1.1 Inland marshes and 4.2.1 Salt 
marshes; and finally, 4.1.2 Peat bogs. 

d) Reclassification of MERIS GlobCover (MGC) for the area not covered by CLC: During the technical 
work described in Deliverable 1 (D1) of FUELMAP, it was tested the usefulness of MGC product, 

elaborated by the European Space Agency (ESA) (Bicheron et al. 2008), to enhance the WF 
classes defined using CLC, because MGC gives information on the openness of the forest stands, 
and distinguishes between evergreen/deciduous species in some classes. However, due to the 
mismatches found between CLC and MGC datasets (as shown in Annex 5 of D1) it was very 
difficult to combine both data layers. Moreover, MGC information on shrubland WF classes 
(particularly for Mediterranean shrublands) was less detailed (with fewer classes) than that of CLC 

(which distinguishes moors and heathlands, and maquis/garrigue formations). Therefore, it was 

decided that MGC will be used only in the countries where CLC was not available. In particular, 
MGC has been used to derive FL1b for Switzerland. The same fuel classes (NF, NWF, WF) were 
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defined according to MGC regional legend. Re-projecting MGC to CLC´s reference and resolution 

(250 m) was the first step. Data of both databases was then integrated by taking MGC classes to 
the CLC, according to the CORINE land cover typology as it is shown in Table 7. 

Table 7_Meris.doc

 

 

Table 7 MGC (MERIS Glob Cover) legend and CLC-2000 (CORINE Land Cover) correspondence applied in 
Switzerland 

5. FL1 map: The FL1a (ecoregions, Figure 3-2) and FL1b (CLC reclassification, Figure 3-3) maps 
have been developed at the resolution of 250m. Both maps were taken to the JRC’s standard grid, 
which follows strictly the available INSPIRE specifications. 

The next steps of the classification (Levels 2 and 3) have focused on refining the properties of the WF 

defined in FL1, by means of identifying the main vegetation types (FL2) and assigning relevant physical 
characteristics and fire parameters to them (FL3). 

3.2.3. FUELMAP FL2 LEVEL OF CLASSIFICATION 

FL2 classifies and maps the set of European Fuel Complexes (FC) by combining FL1 Wildland fuels (WF) 
with detailed information on potential vegetation types (PVT). The PVT classification defines a workable set 
of potential vegetation units with similar physical characteristics (physiognomy), based principally on the 
vegetation strata present (i.e., herbs, shrubs and trees) and their main species composition. The species 

present in each stratum will condition PVT vulnerability and response to fire, and consequently fire 
potential and effects. 

The PVT relevant to fire have been defined as the result of the reclassification of the "Map of the Natural 
Vegetation of Europe" (Bohn et al. 2000/2003) for EU27+Croatia and Switzerland, and the reclassification 
of the "Map of the Natural Vegetation of the Member Countries of the Council of Europe" (Council of 

Europe 1987), the later used to derive the PVTs of the Anatolian Peninsula and Cyprus. Finally, the 
vegetation classification and map by Rivas-Martínez (1987) has been used to derive the PVTs of the 

Canary Islands (Spain).  

3.2.3.1. Definition and mapping of Potential Vegetation Types (PVT) 

The following steps have been followed to derive the PVTs in FL2. The methodology is explained here next 

for the map of Bohn et al. (2000/2003), but it applies for the map of the Council of Europe (1987) (for the 
Anatolian Peninsula and Cyprus) and Rivas Martinez (1987) (for the Canary Islands). The resulting 
reclassified maps have been merged at the end of the process. 

1. Main strata and species: The number of the PVTs initially identified from Bohn’s et al. 
(2000/2003) classification in the study area was 510. First, we extracted information regarding the 
vegetation structure (vertical strata) present on each of the vegetation units defined in Bohn’s 

Level IV (most detailed level). We elaborated tables indicating the vegetation strata that could be 
present in each of the PVT classes: herbaceous (coded as 1), shrubs (2) (including dwarf and tall 

shrubs), trees (3) (with small and tall trees), or none (0). Furthermore, a list of the most frequent 
species potentially present in each of the vegetation strata was derived for each PVT. We analyzed 
the description of the vegetation units and the list of species given in the explanatory text of the 
EurovegMap v.1.01, scale 1:2,500,000 (BFN 2004). 

2. Reclassification of PVTs: Bohn’s et al. original Vegetation units were reclassified to new PVTs, 

grouping those PVTs with the same vertical strata and common (main) species composition. 
Particularly the smallest (<20 km2) vegetation units were merged with similar PVT types (i.e., with 
the same vertical structure and equivalent species composition) (see point 2.6.4.1 in D1), unless 
they represented unique combustion environments or areas with relevant vegetation due to their 
limited geographical distribution.  

3. Relevant PVTs: PVTs that showed a limited geographical distribution (i.e., those normally 
including rare or/and endemic taxa as main species) were identified for their importance in terms 

of fire effects. These PVTs were classified and mapped apart in the definition of the Fuel complexes 
(see next section). 

4. Coding of PVTs: The following four-digit coding approach (column FL2-Code, Table 8), related to 

the strata present in each PVT was applied: 10XX for PVTs with only herbs present (being XX 
correlative numbers of herbaceous PVTs defined); 20XX-in case only shrubs were present; 21XX- if 
shrubs and herbs existed; 30XX- for forests with only tree layer ; 31XX- if trees and herbs were 
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present; 32XX-if a PVT had trees and shrubs; and 33XX- if the forest PVT had all the three layers 

(trees, shrubs and herbs). For each PVT the following information was assigned (Table 8): Codes 
of the Bohn’s (and other classifications’) original vegetation units included, herbaceous strata 
(yes/no), scientific name of: the main tree species, secondary tree species, main shrub species, 

and secondary shrub species potentially present. 

5. Final set and map of PVTs: The number of PVTs defined in FL2 from Bohn was 82. After 
classifying the PVT in the Anatolian Peninsula and Cypruss, and in the Canary Islands, the final set 
of PVTs defined was 101. The final set of PVT included: 8 herbaceous PVT, 18 shrublands, and 75 
forests (Table 8). Bohn’s et al. (2000/2003) original vegetation map, the Council (1987) map (for 
Anatolia and Cyprus), and Rivas-Martinez (1987) map were merged and reclassified according to 
the PVTs defined in FL2. The reclassified vegetation map (originally in vector format) was 

rasterized to 250-m resolution (Figure 3-4) to be combined with the FL1 set.  

Table8_PVTs.xls

 

Table 8 Table Potential Vegetation Types (PVT) relevant for fire defined in FUELMAP Fuel Level 2 (FL2)- 

 

Figure 3-4: FUELMAP Potential Vegetation Types (PVT) defined in FUELMAP Fuel Level 2 (FL2) 

 

3.2.3.2. Methodology for the classification and mapping of EU27+ Fuel Complexes (FC) 

In order to define and map the FUELMAP Fuel Complexes (FC), the FL1 Ecoregions and WF (Wildland 

Fuels) layers were spatially combined with the PVT (Potential Vegetation Types) map. In particular, FCs 
were extracted in a systematic way based on the results of the cross-tabulation of the WFs and the PVTs 
for each ecoregion. This procedure was not applied to the Non-fuels (NF) nor to the Non-Wildland fuels 
(NWF) defined in FL1, since these classes were set as common to all ecoregions and thus they were not 
further characterized in context of the fuel classification procedure (Figure 3-1) 

In the following we specify the methodology applied to extract the set of FUELMAP  FCs: 
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1. WF-PVT cross-tabulation: By overlaying the spatial information of WF and PVT (at 250m 

resolution) in a GIS (Arc GIS 9.1., ESRI), we extracted the cross-tables of the combinations of 
each WF class with the PVT, in order to define the defined FCs by ecoregion (see Table 9  with the 
example of WF-PVT combinations for ecoregion 3, Nemoral).  

 

Table 9 Cross-tabulation of PVT (rows) and WF (columns)- for Ecoregion 3 (Nemoral). For each 

combination the % cover is shown (relative to the area occupied by WF in the ecoregion) 

 

2. Threshold to extract FCs: Since we obtained hundreds of WF-PVT  combinations per ecoregion 
(c.a. 6000 in total), we applied a threshold to their spatial extent (percentage of the area occupied 
by each WFxPVT combination over the ecoregion’s total area). This way, all the combinations that 
represented at least 0.2 % of the area occupied by WFs in the envisaged ecoregion were 
considered for analysis and were assigned a FC code (see Table 9  as an example), unless they 
represent unique environments or relevant vegetation types due to their limited distribution (in 

these cases we assigned a FC independent of their extent).  

3. Analysis of the cross-tabulation: In order to derive the FC list, the definition of WF CLC classes 
was carefully analyzed base on the description by Bossard et al. (2000). This helped to interpret 
the cross-tables with the PVT information. For example, as part of the general WF class ―Moors and 
heaths‖, CLC described different vegetation forms depending on the ecoregion (e.g. Artic moors, 

montane heaths, brown dunes, Mediterranean moors, etc.) (see description by Bossard et al. 
2000); however, CLC did not differentiate them in the mapping. With the help of PVT information 

we reclassified and split the WF ―Moors and heaths‖ in different FCs per ecoregion (i.e,. Artic 
moors, montane heaths, Mediterranean moors, etc). Similarly, we characterized different types of 
coniferous forests (e.g., Pinus sp. forests, Picea sp. forests, etc.), broadleaved forests (Quercus 
sp., Fagus sp. forests, etc.), by their main species composition and strata based on PVT 
information.  

4. Classification rules: From the analysis of WF-PVT cross-tabulation, we created and tabulated the 

classification rules for defining the FCs. Rule-based approach is a knowledge-based method that 
invokes a rule set, i.e., a collection of inferences that can be qualitative, numerical or both; and 
the assignment arises from a qualitative probabilistic evaluation (e.g., what is the most likely 
choice?) or a deterministic logic (e.g., if A and B, then the only possible outcome is C). This fuel 
mapping method is appropriate when no ground data is available. In FUELMAP the rule-based 
approach was deterministic and we assigned FCs to unique combinations of WF (CLC) and PVT 

using expert knowledge. In case of ―conflict‖ between WF and PVT (i.e., when real vegetation did 

not match potential vegetation) we considered as more reliable and therefore valid the 
characterization attributed by CLC (i.e., WF) reclassification (Figure 3-5). To give an example, it 

PVTs
PVT 

code
Pastures

Broad-leaved 

forest

Coniferous 

forest

Mixed 

forest

Natural 

grasslands

Moors & 

Heath

Transitional 

woodland-shrub

Sparsely 

Vegt  areas

Burnt 

areas
Marshes

Peat 

bogs

Coastal and inland halophytic vegetation and 

dunes 1006 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Reed, sedge swamps and aquatic vegetation 1007 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

Mires 1008 0.02 0.02 0.02 0.02 0.02 0.00 0.01 0.00 0.00 0.00 0.00

Boreo and Northwest Coastal heaths (locally 

peat) 2103 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Treeless Mires with shrubs 2113 0.18 0.27 1.11 0.39 0.00 0.00 0.40 0.00 0.00 0.06 0.50

Beech (Fagus sylvatica) and mixed 

(coniferous/broad-leaved) beech forests 3001 0.05 0.33 0.50 0.02 0.00 0.00 0.03 0.00 0.00 0.00 0.01

Picea abies forests (*) 3102 0.03 0.05 4.24 0.40 0.00 0.00 0.27 0.00 0.00 0.02 0.08

Boreal and hemiboreal Pinus sylvestris forests (*) 3103 1.67 1.48 9.71 3.45 0.04 0.01 1.93 0.01 0.00 0.12 0.47

Beech (Fagus spp.)  forests with oaks (Quercus 

spp.) 3110 0.06 0.07 0.22 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Quercus robur forests 3112 0.05 0.35 1.30 0.09 0.00 0.01 0.04 0.00 0.00 0.00 0.02

Mixed Quercus petraea/ Quercus robur forests 

with hornbeam (Carpinus betulus) 3114 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fluvial and riparian forests 3117 0.19 0.13 0.17 0.13 0.00 0.00 0.08 0.00 0.00 0.08 0.03

Wooded mires (with Pinus spp., Betula spp.) 3118 0.04 0.08 0.09 0.11 0.00 0.00 0.09 0.00 0.00 0.02 0.02

Baltic Picea abies forests 3302 4.09 3.98 3.44 6.44 0.05 0.01 2.40 0.00 0.00 0.16 0.55

Picea abies forests with oak and pine species 

(Quercus robur, Pinus sylvestris) 3303 0.64 1.54 28.19 2.49 0.04 0.05 1.95 0.00 0.00 0.17 0.48

North European Pinus sylvestris forests 3304 0.37 0.18 1.93 0.59 0.00 0.01 0.22 0.00 0.00 0.02 0.04

Pinus sylvestris and Quercus robur/ Quercus 

petraea mixed forests 3307 0.22 0.10 0.99 0.26 0.00 0.00 0.03 0.00 0.00 0.01 0.00

Mixed Quercus petraea/Quercus robur-Carpinus 

betulus forests with shrubs 3326 1.06 0.95 0.98 1.40 0.00 0.00 0.38 0.00 0.00 0.04 0.04

Deciduous oak  (Quercus petraea/Quercus robur)  

forests 3327 0.04 0.09 1.20 0.12 0.00 0.00 0.15 0.00 0.00 0.02 0.01

Alluvial forests of Quercus spp., Ulmus spp., 

Fraxinus spp. with Salix spp., Populus spp. 3351 0.12 0.02 0.06 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00
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was very common to find a potential forest type (PVT) in areas where according to CLC (WF) are 

currently covered by shrubs. Thus, such combination was assigned to an FC of the shrublands 
group. In those cases where the PVT could not provide enough detailed information or was 
―contrary‖ to WF, for example when WF class indicated ―coniferous forest‖ and PVT described 

―broadleaved‖ as potential vegetation, the FC was characterized according to the WF class 
(coniferous forest) but without providing any detail on species composition (Figure 3-6). In such 
cases, it was indicated (as comment) the need to explore those pixels with complementary 
information (expert opinion, inventory plots, etc.), since they could refer (most probably) to 
conifer plantations (see Results below).  

5. Ecoregion criteria: The ecoregion concept was taken into consideration for deriving the FC 
classification and mapping. Although the WF-PVT analysis was performed initially for each 

ecoregion, the FCs were later defined by matching WF-PVT combinations from different ecoregions. 
Therefore, in case the same FC was present in more ecoregions, and according to PVT description 
they shared similar characteristics with respect to vegetation physiognomy, we assigned them to a 
common FC.  

 

 

Figure 3-5: Scheme of the rule-based approach to derive the FCs from the combination of WF and PVT. 

 

Figure 3-6: Examples of WF –PVT combinations and derived FC classes. 

3.2.3.3. FUELMAP Fuel Complexes (FC) 

From the analysis of the WF-PVT overlay and cross-tabulation (see the point above) we defined six main 

FC groups: 

1. Herbaceous fuel complexes (with 14 FC classes) 
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2. Shrublands (occasionally with scattered trees) (with 105 FC classes) 

3. Forests (with 86 FC classes) 

4. Peat bogs (with 2 FC classes) 

5. Marshes (with 1 FC classes) 

6. Agro-forestry areas (with 1 FC class) 

A total of 209 FCs were defined, including 14 Herbaceous FCs, 105 Shrubland FCs, 86 Forest FCs, 2 FC 
classes for Peat bogs, 1 FC class for Marshes, 1 FC class for Agro-forestry areas. Table 10  shows the FCs 
defined, with the ―rules‖ (i.e., Ecoregion+WF+PVT combinations) to map them, and relevant information 
on their physiognomy (i.e., vegetation strata and main species composition). Specifically the following 
information was derived for each FC: the FC Code or ID (coded following the FC group numbering from 
1_XX to 7_XX); FC name; Ecoregion, FL1 (WF) name and code; PVT name and code; percentage of the 

area occupied by the FC in the ecoregion with respect to the WF; whether the FC needed further revision 
or definition; whether the FC was relevant due to its limited geographical distribution; strata present, i.e., 
trees (yes/no/scattered), shrubs (yes/no/dwarf/unknown), herbaceous (yes/no); main species composition 

in the tree and shrub layers (including main and secondary species). 

Table10_FC list & 
Rules_with CanaryIsl.xls

 

Table 10 FC rules per ecoregion. 

A first version of the FC map (FC_map_v1 at 250 m resolution) using the classification of the FC list is 
produced is shown in Figure 3-7. The complete list of FCs can be checked in Table 10 . Here next are 
described the main FCs defined in the FUELMAP FC list, arranged in the aforementioned 6 FC groups: 

 

Figure 3-7: FUELMAP first version 

Herbaceous fuel complexes (classes 1_1 to 1_14): includes mainly Pastures and Sparsely vegetated 
areas (which are a unique classes common to all ecoregions), and Natural grasslands, which are defined 
mainly by ecoregion criteria except for some groups that were derived from the PVT classes such as Alpine 
grasslands and Steppes. Furthermore, when information was available, the description of whether Natural 

grasslands were continuous or scattered, humid or dry, with a brief description of their location, climate, 
etc. was added, based on the Bohn-Council and Metzger derived information. 

Shrublands (2_) (classes 2_1 to 2_43 plus the transitional FCs 3_1_T to 3_59_T): this group includes 

mainly FL1 (WF) classes Moors and heaths, Sclerophyllous vegetation, and Transitional woodland-
shrublands. Form the cross-tabulation of Ecoregion+WF+PVT we identified the following sub-groups: 
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Shrublands (2_1 to 2_14, 2_41 to 2_43): these were clearly shrubs according both to FL1 (WF) and PVT. 

Specifically, we included different types of Moors and heaths (e.g., Artic moors, Montane heats, 
Mediterranean heaths, etc.) and shrublands such as Pinus mugo, Juniperus communis, Quercus coccifera, 
Mediterranean xerophyllous shrublands, Endemic Canarian broom shrublands, and coastal and inland 

halophytic vegetation. 

Shublands associated to Mediterranean forest areas (2_15 to 2_40): This sub-group of FC was composed 
of sclerophyllous shrubs according to FL1 located in potential forest areas according to PVT. We named 
them as the corresponding shrublands of each PVT forest class (e.g., Mediterranean Pinus brutia 
shrublands, Central Iberian Quercus ilex shrublands, etc.). Given the information we had, we took the 
species assigned to the forest PVT for the shrub species description; however, it might be that in the field 
we actually find different shrub species.  

Transitional woodland-shrublands (59 FC classes): These were transitional woodlands according to FL1 
that were associated to the corresponding forest PVT in the cross-tabulation. We have associated them to 
(or include them within) the corresponding FC Forest as being its transitional stage, i.e, with shrubs and 
scattered trees. Their coding is the same as the corresponding FC forest code + T (from transitional) (e.g., 

3_11_T Transitional North European Pinus sylvestris forests). 

Forests (3_) (classes 3_1 to 3_86): Includes WF-FL1 forest classes (coniferous, broadleaved, and mixed) 

but differentiating in more forest types according to PVT information on dominant species and vertical 
structure (strata). The arrangement of Forest FC classes has been carried out according to their main tree 
species composition. Four sub-groups can be found: ―Coniferous forests‖, ―Broadleaved forests‖, ―Mixed 
conifers‖ (i.e., where we could define from PVT the conifers but not the broadleaved species), and ―Mixed 
broadleaved forests‖ (i.e., where we could define the broadleaved species but the conifers species were 
unknown). FC Forest include among other: Mountain Picea abies forests, Cedar-fir (Cedrus libani, Abies 
nordmanniana) forests, Beech (Fagus sylvatica), Quercus pubescens forests etc.  

Peat bogs (4_) (classes 4_1 and 4_2): The main characteristic of this group is that peatland of 
decomposed moss and vegetation is present. Two different classes have been defined according to the 
vegetation strata present: Peat bogs (with herbs and/or shrubs) when FL1 said peat bogs, and Wooded 
peat bogs when according to FL1 we had forests in peaty areas (i.e., Mires according to PVT).  

Marshes (5_) (class 5_1): This group includes FL1 (WF) inland and salt marshes more or less saturated 

by water all year round. 

Agro-forestry areas (6_) (class 6_1): This includes FL1 (WF) agro-forestry areas that mainly matched 

with PVT in oak forests, i.e., dehesas (Spain) and montados (Portugal). 

3.2.3.4. Link of the FCs to other existing classifications 

The FUELMAP FC classes have been linked to other existing classifications. Each FC class has been 
assigned to its equivalent formation (coding) of EUNIS biodiversity database (http://eunis.eea.europa.eu/) 
(Moss and Davies 2002a, b) and Habitat Directive (EC 2007; ETC/BD 2010a, b, c, d, e, f, g, h, i) 

http://bd.eionet.europa.eu/activities/Natura_2000/chapter2 

Furthermore, the FCs of Forest group have been linked to the equivalent forest types from the European 
Forest Types classification by Barbati et al. (2006). We show in Table 11 an example of the coding 
between FUELMAP FCs and the existing classifications. 

Table 11 
FC_list_link_other_classif.xls

 

Table 11 Link of the FUELMAP FCs to other existing classifications (only some examples are shown). 

3.2.4. FL1-FL2 CONFLICTS (POSSIBLE PLANTATIONS) 

As explained in the cross-tabulation methodology, mismatches (or ―conflicts‖) were found between FL1 
(WF) and PVT characterization in several pixels. In particular, there were combinations where the 
description of PVT regarding the vegetation component was poor or even ―contradicting‖ to that of FL1 
(WF). An example is the case in which FL1 classified an area as ―coniferous forest‖ while PVT as 

―broadleaved‖ (see Figure 3-6). As a first step, in such cases the FCs were initially characterized 
according to FL1 (i.e., naming them as FC ―Coniferous forests (plantations?)‖) but without providing 
information on species composition. 

In a second step, these FL1-PVT ―conflicts‖ have been further analyzed with the information given by Bohn 
et al. (2000/2003) (and Council 1987) classifications on plantations and substitute communities for each 
of the vegetation units defined. We have extracted the information on substitute/introduced species (in 

http://bd.eionet.europa.eu/activities/Natura_2000/chapter2
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most cases, plantations) at the Bohn unit (or polygon) level. Therefore, in order to map the new FCs 

regarding forest plantations the information has been mapped at the Bohn-Council unit level (and not at 
the PVT polygon level).  

Specifically the FL1-PVT mismatches (or ―conflicts‖) were arranged in 4 groups (Table 12) as follows: 

 

- Conifer plantations (where FL1 said ―conifer forest‖ and PVT ―broadleaved or others‖) 

- Broadleaved plantations (where FL1 said ―broadleaved forest‖ and PVT others) 

- Mixed plantations (where FL1 said ―mixed forest‖ and PVT others). 

- Not specified (FL1-PVT mismatches for which no concrete information was described in Bohn, and thus, 
they should be solved based on other sources of information, see below the point on conflict solving). 

Figure 3-8 shows the map of likely plantations, including the pixels solved with Bohn/Council information 

on plantations and the Not-specified FL1-PVT mismatches. 

 

Figure 3-8: Map of the FL1-PVT pixels with conflicts that were assigned to plantations according to the 
Bohn/Council information (in green) and pixels that were not specified (in red) that were further analyzed 

in the conflict solving procedure. 

For each FL1-PVT combination with conflicts we have summarized the information on plantations in the 
column ―Species assigned‖ at the Bohn-unit level (see Table 12). After analyzing this information, we 
have grouped units with similar introduced species, resulting in the new FC classes named as ―woodlands‖ 
(in order to differentiate them from FC forests) and coded from 3_200 and thereon. For example, we 
defined FC 3_200 Abies alba woodlands, 3_209 Pinus nigra woodlands, 3_224 Robinia pseudoacacia 

woodlands, etc. In some cases we have assigned a group of possible introduced species (e.g., FC 3_202 
Abies/Picea woodlands). Note that this information is on ―likely plantations‖ (i.e., according to Bonh and 
the Council information), and some introduce species has not been captured at this stage (e.g., Castanea 
sativa, Eucaliptus spp., Junglans regia, Ailanthus altissima, Prunus spp., Populus spp., Pseudotsuga spp.). 
However, we expect to include these species when solving the not-specified conflicts with forest inventory 
information such as Biosoil and Forest Focus (see below the point on conflict solving). 

FC_with conflicts 
1_April2011.xls

 

Table 12 WF-PVT Combinations with “conflicts” that were analyzed as possible plantations. 
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As an example of FL1-PVT mismatch we show in  the likely distribution of Pinus pinaster woodlands in 

Southern France. In yellow we have depicted those Bohn units where potentially we would have 
broadleaved forests (e.g., beech, oak forests etc.) but that according to FL1-WF (i.e., CORINE) we actually 
have conifers. When we checked the Bohn description of forestry practices, all these polygons included P. 

pinaster as possible plantations (see Table 12). It should be noted that these were assigned at the 
original Bohn’s unit (or polygon) level and not at the PVT level. Second, we have overlaid the mask in 
green with FL1-PVT mismatches selecting in red those pixels that were coniferous (according to FL1b 
map). Therefore, those are the pixels that were reclassified as ―Pinus pinaster woodlands‖. 

 

Figure 3-9: Example of Pinus pinaster plantations in Southern France 
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4. FUELMAP CLASSIFICATION SCHEME 

4.1.  INTRODUCTION 

In context of the FUELMAP project vegetation types across Europe have been initially classified into Fuel 
Complexes. A Fuel Complex is considered a forest fuelbed with vegetation of similar structure, relative 
composition, appearance and physiognomy. Such arrangement of fuelbeds into standardized Fuel 

Complexes formed the basic reference for developing further a structured and consistent scheme aiming to 
support the coherent grouping of the identified Fuel Complexes into Fuel Types. Based on what mentioned 
already this scheme anticipated the definition of the Fuel Types reclassifying the set of Fuel Complexes 
according to their relevant physiognomic, vegetative and ecological features. Despite the fact that 
quantitative characteristics have been attributed to the Fuel Complexes and relative consolidated values 
are assigned to the Fuel Types, such quantities haven’t been systematically considered for the respective 
classification of the Fuel Complexes to Fuel types. 

4.1.1. THE APPROACH OF DEVELOPING THE SET OF FUELMAP FUEL TYPES  

The final stage of the FUELMAP methodology aimed classifying and characterizing the Fuel Types according 

to the set of Fuel Complexes which were identified within WP2000 of the project. A comprehensive 
description of data and components depicting each Fuel Complex, supported by a properly designed web-
form, is used for collecting and organizing the respective data. The two-hundred nine Fuel Complexes of 
the FUELMAP project were thus reclassified based on physiognomic, vegetative and ecological criteria 
(WP5000) and wrapped in a set of fifty-two  relevant Fuel Types. The procedure that was followed is 
shown graphically in Figure 4-1. 

 

Figure 4-1: Procedure for deriving the FUELMAP fuel types 

A suitable scheme was adopted for standardizing the description of the Fuel Complexes according to their 
characteristics which are related to forest fire. Part of these characteristics was determined for each Fuel 
Complex in context of the WP2000 and the relative results are included in Table 10. This information was 
used as basic material while it was enriched with additional information from literature and expert 
knowledge for filling the respective Fuel Complex description web-forms mentioned above. The structure 
and layout of these forms are described in the next section of this Deliverable. 

The general approach adopted for deriving the Fuel Types classification scheme of FUELMAP is presented 
in Figure 4-2.  As can be seen each Fuel Type is associated to specific issues and characteristics of the 

individual Fuel Complex. These include the Forestry model a FC is managed and it’s Vegetation type 
classified in one of the FUELMAP groups. In addition the relative vertical structure (stratification) and 
horizontal distribution (continuity) class of the fuel bed as well as the elevation zone class where the 
respective Fuel Complex occurs are used as criteria for the reclassification of the list of Fuel Complexes to 
Fuel types. Furthermore classified qualitative information regarding the assessed total Fuel load and 

composition (distribution in fuel size classes) and the Dead/Live ratio of the fuelbed is used for deriving 
the FUELMAP Fuel Types. 
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Figure 4-2:  Conceptual  approach for the definition of the FUELMAP Fuel Types 

A first application of the above approach based on empirical elaboration of the information provided by 
WP2000 regarding the Fuel Complexes led to the creation of the Fuel types list shown in Table 13. As 

shown in this table a total of fifty-two (52) Fuel Types have been defined in the area of EU27 countries 
(plus Switzerland and Turkey) envisaged in FUELMAP. These Fuel Types are grouped according to the 
potential stratification of the fuels into the Ground, Surface, Shrub, and Forest (Canopy) layer(s). An 
additional group of particular Fuels is defined, which is called ―Other Fuels‖ and includes some (almost) 
non burnable fuels like Marshes and Dunes and Riparian vegetation as well as  fuel landscapes of special 
interest such as Agroforestry areas and Wildland Urban Interface zones. Finally a separate group is 
considered including fuelbeds and respective Fuel types associated with artificial and cultivated forest 

plantations of conifers (mainly Pinus pinaster), broadleaved (mainly Eucalyptus species) and cultivations of 
mixed forest species.  This group is rather located in SW Europe and forms a separate category which 
description is slightly differentiated from natural and semi-natural forest areas. The details of the 
description concerning the ―Plantations‖ group of Fuel Complexes are provided in the next chapters of this 
document. 

Although the creation of the set of FUELMAP Fuel Types is influenced by the Fuel Complex grouping and 
the limited information available for the aggregated physiognomy of each of them, the classification 

approach allows potentially for greater modeling analysis or conversely for more rough fuel categorization 
by combining Fuel Types with existing spatial data (e.g. Ecoregions and elevation zones) or stratification 
information (e.g. Ground fuels, Surface fuels etc). 

As mentioned already, a specific web-based application  has been designed and developed in context of 
FUELMAP aiming to ensure  the standardized description and the coherent recording of the Fuel Complexes 
data as well as for supporting the consistent reclassification of the fuelbeds associated to them. This utility 

allows a comprehensive description of the information concerning each Fuel Complex as well as of any 
particular (new) fuel bed will be identified in the future and would require to be integrated in the data base 
of FUELMAP. A detailed description of this tool and the organization of the data record, relevant to fuel 
description purposes, is provided in the next sections of this Deliverable. 

As described in the section ―Assessment of fire potential of the FUELMAP Fuel Types‖ the characteristics 
illustrated in Figure 4-2 were defined for each Fuel Complex and thus the Fuel types listed in Table 13 

are associated with relative values as illustrated in Table 14. 

In the same section the Fuel Complexes and the respective Fuel Types (representing aggregations of Fuel 
Complexes) are further related to Flammability, Combustibility and Fire-impact potential values of the 
vegetation. Relative values of the potentials of each Fuel Complex and Fuel Types values are defined. This 
approach can be used as an alternative method for (re-)classifying Fuel Complexes into Fuel Types 
according to their relative fire characteristics as well as for creating relevant Flammability, Combustibility 
and Fire-impact potential maps. 

We have to emphasize that the characterization of the Fuel Complexes and Fuel types in terms of 

flammability, combustibility and fire impact carried within FUELMAP is a first attempt which needs to be 
further revised and elaborated in the future. However the methodology defined and the infrastructure that 
was developed in context of the project will greatly facilitate and support this task. 

Table 13 presents the Forest Fuel Types defined in frame of the FUELMAP project arranged into different 
fuel groups.  
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FUELMAP FUEL TYPES 

Group 

No

Group name

Peat bogs 

Wooded peatbogs

Pastures 

Open grasslands

Alpine and Northern Grasslands ( cold and moist regions)

Atlantic and Continental Grasslands (warm and moist regions)

Mediterranean Grasslands (warm and dry regions)

Steppes (Grasslands in cold and dry regions)

Moors and heathlands in cold and moist regions

Moors and heathlands in warm and moist regions

Moors and heathlands in warm and dry regions

Mediterranean xerophilus and Palm shrublands

Palm shrublands

Long-leaved conifer shrublands

Short-leaved conifer shrublands

Oak shrublands (deciduous and semideciduous)

Mediterranean narrow leaved sclerophylous shrublands of evergreen oaks and olives

Transitional forests of short needled conifers- (shrub layer present)

Transitional forests of short needled conifers - (herbaceous layer)

Transitional forests of long-needled conifers-(shrub layer present)

Transitional forests of long needled conifers-(herbaceous layer  present)

Transitional forests of Mediterranean thermophilous long-needled conifers

Transitional woodlands of scale-needled forest species

Transitional forests of deciduous broadleaved (soft) species-(shrub layer present)

Transitional forests of deciduous broadleaved (soft) species-(herbaceous layer present)

Transitional forest of deciduous broadleaved (leather) species - (shrub layer present)

Transitional forests of deciduous broadleaved (leather) species-(herbaceous layer present)

Transitional woodlands of sclerophylous narrow-leaved evergreen vegetation- (shrub layer present)

Forests of short needled conifers-(shrub layer present)

Forests of short needled conifers - (herbaceous layer present)

Forests of long-needled conifers-(shrub layer present)

Forests of long needled conifers-(herbaceous layer present)

Forests of Mediterranean thermophilous long-needled conifers

Woodlands of scale-needled forest species

Forests of deciduous broadleaved (soft) species-(shrub layer present)

Forests of deciduous broadleaved (soft) species-(herbaceous layer present)

Forest of deciduous broadleaved (leather) species - (shrub layer present)

Forests of deciduous broadleaved (leather) species (herbaceous layer present)

Woodlands of sclerophylous narrow-leaved evergreen vegetation (shrubs presence)

Mixed forests with dominance of of short-needled conifer species(shrub layer present)

Mixed forests with dominance of long-needled conifer species (shrub layer present)

Mixed forests with dominance of deciduous (soft) broadleaved species(shrub layer present)

Mixed forests with dominance of deciduous (leather) broadleaved species (shrub layer present)

Mixed forests with dominance of evergreen broadleaved species - (shrub layer present)

Riparian vegetation

Coastal and inland halophytic vegetation and dunes
Aquatic Marshes

Agroforestry areas

Wildland Urban Interface

Coniferous plantations

Broadleaved plantations

Mixed plantations
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Table 13 List of Fuel types defined in context of FUELMAP 
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Table 14 Example of the lookup table with Fuel type characteristics 
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4.2. THE FUEL TYPES SCHEME AND THE FUEL COMPLEX CATEGORIES 

As already mentioned, a web-based utility is developed in context of FUELMAP for organizing data input 
and recording information of the Fuel Complexes (FC) as well as for facilitating the (re)classification task of 
the envisaged fuelbeds (FCs) into relevant Fuel types.  

The aforementioned web tool allows the post-processing of the data entered, according to the approach 

described in the previous section of this Deliverable as regards the values of the FC parameters used for 
defining the FUELMAP Fuel Types.   

Here following is provided the description of the structure and the required input data of the Fuel 
Complexes for defining the respective FUELMAP Fuel Types. It can be seen that the structure and the 
relative analysis of input data are more detailed than the currently available information concerning the 
FUELMAP Fuel Complexes. However this approach gives the possibility to use such detailed structure for 
analyzing information in the future, if available. The description of the Fuel Complexes is diversified 

according to the forestry business model of managing the considered fuel bed. 

According to the FUELMAP scheme described above, a preliminary distinction applied to the fuel beds to be 
described (FCs) refers to the Forestry (business) Model they’re subject to and the relative silvicultural 
context of vegetation growth. Two broad FC (and FT) categories are considered in this context, namely 
―Plantations‖ and ―Forest areas‖ (Figure 4-3). 

 

Figure 4-3: Distinction of Fuel Complexes based on the forestry business context 

 

These categories represent different vegetation structure and growth patterns.  Although vegetation 
description (and related maps) of the ―Plantations‖ category can’t be created based on the existing data 
available at the European level, a notable approach was defined for this purpose in WP4000. Relative Fuel 

Complexes have been identified using this approach and they are included in the relevant FUELMAP set. 

The fuelbeds associated with the ―Plantations‖ category are rather shaped by human activity and forest 
management practices which fact is opposed to the concept of ―Forest areas‖ including native or artificially 
established forest vegetation shaped principally by environmental and ecological factors rather than 
human intervention. ―Plantations‖ include areas of artificially established forest tree crops, managed for 
producing bioenergy, forest fruits and paper pulp products. They are characterized in general by trees 
planted in rows and regular intervals, lack of natural regeneration, free crown development and limited 

presence of shrubs or other vegetation under the cultivated stand. In context of prevention policies 
―Plantations‖ are considered as a higher priority financial asset. Furthermore fuelbeds of non-native, exotic 
and fast-growing species, which aren’t adapted to the fire regime of the area where the plantation is 
established, are often included in ―Plantations‖. 

The category of ―Forest Area‖ includes Fuel Complexes occurring in natural or semi-natural forest areas. 
This class normally represents all vegetation and land cover types but ―Plantations‖, including natural (not 
managed) or semi-natural (managed) forests, pastures, grasslands and shrublands. This is the reason the 

term ―Forest area‖ is used in FUELMAP instead of ―Forests‖, since more types of land cover are considered 
in this category.  Applying  the aforementioned approach  of FUELMAP (Figure 4-2) for classifying the  
Fuel Complexes into relevant Fuel Types,  the type and vertical stratification of the vegetation as well as 
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the continuity of the fuel components has to be assessed for the respective FC category (Plantation, Forest 

Area) of each Fuel Complex.  The relative approach for arranging Fuel Complexes in these two categories 
is described here next.  It is illustrated in Figure 4-2 that the output of the analysis of vegetation type 
and its structure (vertical stratification and horizontal continuity) has to be combined with ecological 

(Elevation zone class) and quantitative (Fuel load, Dead/Live ratio classes) information in order to define a 
specific FUELMAP Fuel Type. 

4.2.1. THE STRUCTURE OF THE ―PLANTATIONS‖ CATEGORY OF FUEL COMPLEXES  

The FUELMAP scheme takes into account particular features concerning the Fuel Complexes associated to 
the ―Plantations‖ category of fuel beds and analyzes these characteristics in a standardized way according 
to the analysis illustrated in Figure 4-4.  

As shown this FF (X4) the forest crop Rotation period, the Origin (nativity) of the planted species, the 
Vegetation form and type (basically arranged as Conifer or Broadleaved and potentially extended to 

Deciduous or Evergreen species) and the Continuity of the fuel bed are used for classifying the Fuel Types 

deriving from the combination of these characteristics.  

It should be noticed that in the ―Plantation‖ category are considered only Fuel Complexes linked to the 
―Forest‖ group of FUELMAP while in the ―Forest Area‖ category the Fuel Complexes can belong to any of 
the nine groups of Fuel Complexes that were defined in frame of FUELMAP. 
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Figure 4-4:  Fuel type description scheme of the “Plantation” class of Fuel Complexes 
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4.2.2. THE STRUCTURE OF THE ―FOREST AREA‖ CATEGORY OF FUEL COMPLEXES  

The ―Forest area‖ category  includes Fuel Complexes, which can be associated to any of the nine groups of 
FUELMAP namely Pastures, Grasslands, Shrublands, Forests, Halophytic/Dunes vegetation, Peat bogs, 
Marshes, Agroforestry and Wildland-urban interface areas. From these, the first four are considered as the 
core group of Fuel Complexes associated to the ―Forest Area‖ category Fuel types while the other five 
groups include Fuel Complexes associated to a particular team of Fuel Types named as ―Other Fuel types‖ 

in context of FUELMAP.   

A comprehensive representation of the structure adopted for the analysis of the Fuel Complexes associated 
to the ―Forest Area‖ category is illustrated in Figure 4-5. It can be deduced from this FF that the Fuel 
Complexes are described according to the distribution of the fuel components into one or more vertical 
layers. There are four such layers considered; Ground, Surface, Shrubs and Tree stand (Canopy).  A Fuel 
Complex of the ―Forest Area‖ category can be thus described having vegetation components arranged into 

multiple layers. 

In the ―Ground” layer (Figure 4-6) of the ―Forest Area‖ category, fuel beds associated to ground fuels 
such as peat bogs are considered. This layer can be combined with other layers such as forest stand 
(tree/canopy layer) as is the case of the ―Wooded peat bogs‖ Fuel Complex.  

The Surface layer (Figure 4-7) of the ―Forest Area‖ represents the fuel component that lies between the 
grass layer and the Shrub layer. Under most burning conditions vegetation of the surface layer is the more 
important fuel component -as regards fire behavior- in most of the southern ecosystems (Wade et al. 

2000). The Shrub layer is often classified as Surface fuel. However in FUELMAP we consider it as a 
separate individual layer, limiting the fuel component of the Surface layer to the grass and sub-shrub or 
dwarf-shrub vegetation. The Surface layer includes fuel components related to herbaceous and dwarf (sub-
shrub) vegetation. The fuel component relative to this layer is directly assigned to the relative FUELMAP 
groups namely Pastures or Grasslands. 

The Shrub layer of the fuels component (Figure 4-8) is normally represented by low and tall shrub 
formations while often they may include shrubby or midstory tree fuels.     Fuel availability for 

consumption in the Shrub layer is determined by moisture content, particle size, horizontal continuity, 
compactness, and forest type (particularly species with high volatile compounds).  In FUELMAP the fuel 

beds of this layer are represented by three different vegetation forms. These correspond to Moors and 
heathlands, Shrublands and Forest scrublands.  

The third layer of the ―Forest Area‖ category is the Tree/Canopy layer (Figure 4-9) and is associated to 
Fuel Complexes corresponding to close or open (also in transitional stage) Forest stands.  These Fuel 

Complexes have a distinct layer (Tree canopy) which is related to the risk of involving the tree canopy to 
the fire problem (extreme fire behavior, potential high impact of fire). Tree canopy influences the fuel 
characterization due to the impact it has to extreme fire behavior (crowning) as well as to the buildup of 
the litter layer. According to the FUELMAP classification of the Fuel Complexes two relative sub-groups are 
considered in the Tree/Canopy layer; one concerning Forest stands and another dealing with Transitional 
woodlands.  

Transitional woodlands are associated to bushy or herbaceous vegetation with scattered trees. They can 

represent either woodland degradation or forest regeneration or colonization. Such vegetation could be 
also included in the Shrub layer however it is classified separately since it represents a transitional 
situation (although isn’t possible to know the exact stage of such transition). In order to interpret correctly 

the process and characterize properly these Fuel Complexes the vegetation state before the transition 
should be known. Rules could be defined in such case for identifying the fuel type changes due to the 
direction of the transition. However currently there isn’t information available to use such rules and the 
respective Fuel Complexes are treated as static fuels.
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Figure 4-5: Fuel type description scheme for the “Forest Area” class of Fuel Complexes 



35 

 

 

Figure 4-6: Figure representing the Ground layer scheme of the FUELMAP Fuel Complexes 
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Figure 4-7: Figure representing the Surface layer scheme of the FUELMAP Fuel Complexes 
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Figure 4-8: Figure representing the Shrub layer scheme of the FUELMAP Fuel Complexes 
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Figure 4-9: Figure representing the Tree/Canopy layer scheme of the FUELMAP Fuel Complexes 
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4.2.3. THE ―OTHER FUELS‖ GROUP OF FUEL TYPES  

The group of ―Other Fuels‖ includes Fuel Complexes which normally don’t represent Forest fuels. These 
include the Coastal and inland halophytic vegetation and Dunes, Aquatic marshes, Riparian vegetation, 
Agroforestry and the Wildland Urban interface areas. 

These Fuel Complexes correspond strictly (one to one relation) to respective Fuel Types. It should be 
noticed that the Fuel Types of Agroforestry and Wildland Urban Interface are the most  important as 

regards fire occurrence and fire behavior while the Coastal and inland halophytic vegetation and Dunes 
and Aquatic marshes (practically unburnable) Fuel Types as well as the Riparian vegetation are important 
mainly in terms of fire impact. 

The first two Fuel Types (Coastal and inland halophytic vegetation and Dunes and Aquatic marshes) of this 
group correspond to vegetated low-lying areas, above the high-tide line, susceptible to flooding by sea 
water. The respective Fuel Complexes are considered non burnable and their identification and mapping 

makes sense only in terms of risk mapping and potential fire impact analyzing their proximity to areas with 

highly flammable Fuel Types.  

The Fuel Complex of Agroforestry (6_1) corresponds directly to the Agroforestry Fuel Type. It is located 
(mainly) in the ecoregions 12 (Mediterranean north) and 13 (Mediterranean south) and includes (FL1) 
Agro-forestry areas which are matched mainly with (FL2) potential oak forests areas, i.e. dehesas and 
montados.  

The Wildland Urban Interface Fuel Type has no corresponding item in the FUELMAP list of Fuel Complexes. 

However an approximation of mapping this Fuel Type can be made using the delineation of the 
corresponding CLC class ―Discontinuous urban fabric‖.  

4.3. THE FUELMAP FUEL COMPLEX DESCRIPTION WEB-FORM 

As mentioned previously a web-based application has been designed and developed within FUELMAP in 
order to facilitate the description of the physiognomic characteristics of the Fuel Complexes and recording 
the respective data.  

The web-form can be used for submitting descriptive data of Fuel Complexes (current and potentially new) 

and elaborating the data of the FUELMAP data base can be accessed from the World Wide Web using 

appropriate credentials (user name and password). There are different levels of access for entering and 
modifying data, browsing and processing recorded data and maintaining the stored data (Figure 4-10).  
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Figure 4-10: Home page of the FUELMAP web facility (expert module) 

Records of the Fuel Complexes included in the FUELMAP data base can be accessed through the FCC (Fuel 
Complex Classification) list under the ―Lists‖ menu item or even through the ―Search‖ menu item, 
submitting appropriate used-defined search criteria. 

Furthermore new records can be created through the ―Create items‖ menu selection. New records of data 

describing eventual new Fuel Complexes can be thus integrated in the data base of the FUELMAP project. 
The form associated to the ―New FCC item‖ selection allows the expert to input and store data in an 
arbitrary way, according to the information currently available by the user. This means that the web-form 
can be filled partially and store data for later revision. Currently only the Fuel Complexes defined in 
FUELMAP are included in the actual data base of the system. In addition the FUELMAP web application 
supports the possibility of entering data describing new Fuel Complexes and the required reclassification of 

the updated data base content.  

The appearance and basic fields of the web-form is shown in the next figures. 

 

 

Figure 4-11: Web-form input fields. According to the selected “FUELMAP group” more selections are 
available for describing the structure of the Fuel Complex 
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Figure 4-12:  Selection of characteristics related to the description of a Fuel Complex related to the 
Grasslands FUELMAP Group. The Fuel component in Grasslands is associated with the Surface vegetation 

layer. 

 

Figure 4-13: Selection of fields and values describing a Pasture and Peat Bog related Fuel Complex 
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Figure 4-14: Part of the web-form showing the entry of the Countries  

Where the Fuel Complex is spread and the searchable ―Description‖ text field where the FC can be briefly 
described using appropriate keywords. The Description text box is normally used for listing the species 

present in the fuel bed arranged in main and secondary groups of Trees and Shrubs and  Grass species 
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Figure 4-15: The last part of the entry form of the Fuel Complex data. 

 

It can be seen the searchable text box ―Fire performance‖ where fire related information regarding the 
Fuel Complex is entered and a number of lists of classifications including NFFL, PROMETHEUS etc as well 

as the FUELMAP Fuel Types list  for relating them to  the envisaged Fuel Complex. The last two fields refer 
to the Fuel Complex Code created by the system and used for the classification process and a selection for 
uploading photos related to the Fuel Complex. Photos can be entered first and used as photo-keys to help 
describing the Fuel Complex 

The Fuel Complex classification utility of the web application allows filtering the records stored in the data 
base by creating a complex Fuel Complex code according to the data provided during the data input 

process. The content of the data base can be also filtered according to user-defined search criteria and the 
list of Fuel Complexes can be reclassified in several ways.  In the next figures are shown an example of 
the filtering procedure and relative results, sample list of recorded Fuel Complexes and instances of the 
search module of the FUELMAP web tool 
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Figure 4-16:  Vertical structure criteria for filtering the FUELMAP data base 

 

Figure 4-17: Results of the filtering procedure applying criteria of Fig. F6 
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Figure 4-18: List of recorded Fuel Complexes in the FUELMAP data base 

 

Figure 4-19: Results of the Search procedure for Shrub related Fuel Complexes 
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4.3.1. THE ENTRY FIELDS OF THE FUELMAP WEB-FORM 

Here next follows a description of the fields that are included in the FUELMAP web form and the relative 
information regarding each field.  

Field Description 

Fuel Complex name The Fuel Complex is assigned with a name (suggested), including the most fire-
significant specie(s) or the vegetation form that determines the flammability of the 
envisaged Fuel Complex 

Language There are two selections related with language issues. The first refers to the selection 
of the language of the web-form, which is made by selecting the desired language 
from the list of the drop-box in the upper right part of the web-page. Currently this 
interface supports English, Greek, Italian, French, Portuguese and Spanish. The 
second selection is related to the language in which the data (textual information 
input by the user) will be entered. The data-input language is selected clicking the 
appropriate radio-button of the respective field sited below the ―Fuel Complex name‖ 
input field. The control here is in the hands of the expert since he/she can select the 
radio button of the English language and then fill the information in French. Although 
this isn’t considered a potential problem, the administrator will take care for 
identifying and solving such inconsistencies 

Fuelmap Group The main concept of the Fuelmap Group is to associate every Fuel Complex with a 
single, representative category according to the physiognomy of the dominant 
wildland vegetation. The FUELMAP Groups provide the following options: 

1. Pasture , including mainly Pastures 

2. Grassland, a category which includes Natural grasslands, Sparsely 
vegetated areas, Steppes, Alpine grasslands and some cases of Moors 
and headlands 

3. Shrubland, including Moors and heaths, Tundra, Steppes, cases of 
Sparsely vegetated areas, Sclerophyllous vegetation and Transitional 
woodland-shrubland situations 

4. Forest, includes main forest types spread across Europe  

5. Halophytic/dune, category including inland halophytic vegetation and 
Dunes 

6. Peat bog, category representing areas where peat land of decomposed 
moss and vegetation is present 

7. Marsh, representing inland and salt marshes more or less saturated by 

water all year round 

8. Agroforestry areas, which include traditional, low-input, extensive land-
use and land-cover systems, composed mainly of open shrubs, sparse 
oak trees and continuous annual herbaceous vegetation and 

9. Wildland Urban Interface, representing transition zones between wild 
land and human development areas or areas of mixture of forest 
vegetation with homes and buildings 

The Fuelmap characterization scheme focuses mainly to the first four of the above 
groups and the Peat-bogs group.  For the other groups further analysis isn’t relevant 
or there aren’t further subclasses defined for them (Halophytic vegetation/Dunes and 
Marshes) within the project (Agroforestry, Wildland User Interface). However the 
application can be used for collecting information for further characterizing these 
Groups in the future. The main issue is the lack of data and information at the EU 
level for representing spatially a more detailed analysis. 

The Fuelmap Group could be also combined with classified elevation data of the 
Fuelmap maps for classifying fuels for which there are no additional (vegetation) data 
available providing a high level classification. 

Continuity The term of continuity is used in Fuelmap instead of density which term is normally 
used in forest fuel modeling. This is mainly related with the fact of lacking spatial 
information regarding fuel density. In any case Continuity reflects a significant feature 
of the fuelbed such as homogeneity. The assessment of the continuity of the fuel bed 
is provided here in three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ (―Continuous‖ 
or ―Sparse‖ means that the fuelbed will carry easily or hardly the fire and is selected 
following the normal status of the envisaged fuel component,) while ―Open‖ is used 
when the fuel component won’t contribute to flammability or fire propagation. 

Elevation zone Three classes of elevation are considered namely Low, Medium and High altitude 
zones. These represent as a general rule approximate ranges of forest formation from 
the sea level to 800m height (Low), 800-1500m (Medium) and higher than 1500m 
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(High). Despite the fact that data regarding the elevation zone can derive from the 
FUELMAP Fuel Complex maps because of the wide dispersion of such values the 
Elevation zone class should be rather based on the expert’s opinion regarding the 
most representative elevation zone in which  the envisaged Fuel Complex can be 
found. 

Fuel load Practically the Fuel load is an issue that is addressed in context of FUELMAP based on 
biomass estimation related to the forest species associated with the Fuel Complexes. 
Furthermore the distribution of this fuel load into different fuel size classes is 

considered based on relative data of other relevant sets of fuel models and in 
particular with the standardized fuel models of Scott and Burgan (2005). According to 
what is mentioned above the Fuel load field that is used for characterizing the 
FUELMAP FCs combines intuitively the fuel load together with its distribution to size 
classes (in particular the 1hr, 10 hr and 100 hr fuel size classes). The Fuel load field is 
created thus based on a conventional 3-letters code expressing respectively the Fuel 
load of each of these three size classes (1hr, 10hr, 100hr) using a 3-levels 
classification scale i.e. Low (L), Medium(M), High(H). Thus the Fuel load code MLL 
means that the Fuel load of the envisaged Fuel Complex is composed by Medium (M) 
fuel load of 1hr sized particles, Low (L)   fuel load of 10hr and Low (L)   fuel load of 
100hr sized fuel particles. Despite the fact that such information can derive 
elaborating the quantitative values of Fuel Load and the distribution of the relative fuel 
size components the current version of the Fuel load codes assigned to the Fuel 
Complexes.  The quantitative information can be further processed and elaborated for 
improving the current Fuel load codes used in FUELMAP and define a standardize way 
of  associating Fuel load codes to the Fuel Complexes based on the available 
quantitative Fuel load values. 

Live/dead fuel ratio The live to dead fuel ratio is greatly related with fire activity and in particular with 
flammability and combustibility. Live/dead fuel ratio information in FUELMAP was quite 
poor and thus this field is codified using a three class arrangement i.e. Low, Medium 
and High. Low Live/dead fuel ratio means that great part of the fuel bed is dead which 
fact shall facilitate ignition and fire propagation. Medium Live/dead fuel ratio means a 
balanced situation that will be associated with normal fire behavior while High 
Live/dead fuel ratio is related with abundant live vegetation which shall limit ignition 
probability and quick fire propagation. 

The Forestry model The user has to select whether the Fuel Complex represents an Artificial ―Plantation‖ 
(Forest tree culture) or a ―Forest Area‖ (Natural or semi-natural forest). Plantations 
are normally associated with man-established stands aiming to produce timber, paper 
pulp or other industrial products. Plantations are normally differentiated from natural 
and semi-natural forests since their structure is defined by trees planted in straight 

lines, absence of (significant) understorey and tree crown shaped according to the 
tree species and the management objectives. Forest areas imply natural (not 
managed) or semi-natural (managed) forests. In case the Fuel Complex is defined in 
one of the Groups ―Pasture‖, ―Halophytic vegetation/Dunes‖ or ―Marshes‖ the input of 
the ―Type of Fuel Complex‖ makes no sense and is by-passed by the system. 

Pasture 

Grass height (Pasture): There are two options for selecting the grass height i.e. 
―Tall‖ and ―Low Grass‖. It is obvious that the height of the herbaceous vegetation 
influences most of the fuel characteristics such as the fuel load, surface area to 
volume ratio, packing ratio etc which in turn define flame height and fire intensity and 
thereby the difficulty of suppression. The height should be considered during the fire 
season and a threshold of 15cm can be applied to distinguish ―Tall‖ and ―Low‖ Grass.  

Continuity (Pasture): The term of continuity is used in Fuelmap instead of density 
which term is normally used in forest fuel modeling. This is mainly related with the 
fact of lacking spatial information regarding fuel density. In any case Continuity 
reflects a significant feature of the fuelbed such as homogeneity. The assessment of 
the continuity of the fuel bed is provided here in three classes i.e. ―Continuous‖, 
―Sparse‖ and ―Open‖ (―Continuous‖ or ―Sparse‖ means that the fuelbed will carry 
easily or hardly the fire and is selected following the normal status of the envisaged 
fuel component,) while ―Open‖ is used when the fuel component won’t contribute to 
flammability or fire propagation. 

Grassland 

If the Grassland Fuelmap Group is selected the system decides that the type of Fuel 
Complex is a Forest Area and thus the user is asked next to provide information 
regarding the physiognomy of the fuel bed starting from its vertical structure. In case 
of Grassland the vertical structure is limited to the ―Surface layer‖ and ―Ground layer‖ 
(―Canopy‖ and ―Shrub layer‖ isn’t accessible).  

Shrubland 

The selection of the Fuelmap Group of Shrubland means that the Fuel Complex 
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appears as such independently of the forest species it is formed of. This category 
could accommodate the description of cases associated with the Transitional woodland 
to shrubland classification of CLC. For this purpose the option of the ―Canopy layer‖ is 
available here. In the field of Description should be mentioned if the character of the 
envisaged FC is transitional or permanent.  

Forest 

Plantations 

This section (Plantations) is activated only in case the “Forest” Group of FUELMAP is 
selected 

Rotation period (Plantations): This is a specific field related to the selection of 
―Plantation‖ in the Type of Fuel Complex question. The rotation period can be linked 
with fuel load by means that short rotation is associated with fast growing forest 
species and therefore greater amount of biomass is accumulated. In addition long or 
short rotation periods provide an indication of the forest species and influence the 
impact of a potential forest fire. Although the above criteria should be considered for 
characterizing the Fuel Complexes, a generic threshold can be set to a rotation length 

of 10 years.  As a rule of thumb Short-rotation plantations are related with paper pulp 
and energy production while Long- rotation periods are associated with production of 
timber. 

Origin (Plantations): Input related to the origin of the forest species that form the 
fuelbed of the Fuel Complex. It is mainly applied to ―Plantations‖ which are more 
relevant to introduce non-native species. There are two options for this field, namely 
―Native‖ and ―Foreign‖. In general foreign species are considered less adapted than 
natives and thus fire risk and impact can be maximized. 

Tree type (Plantations): The user selects the type of the planted tree species 
between ―Broadleaved‖ and ―Conifers‖ if he previously selected ―Plantations‖  

Leaves (Plantations/Broadleaved): The ―shape‖ of the leaves of broadleaved 
species, forming the fuelbed, is entered here. The user has two options ―Long leaf‖ 
(elongated or elliptical) or ―Palm leaf‖ (palmate or rounded). These two distinct forms 
expose different Surface area to volume ratio and influence differently fire behavior 
characteristics. 

Leaves (Plantations/Conifer): If ―Conifers‖ are the type of the trees dominating 
the fuelbed the user is asked for choosing the length class of the needles, 
characterizing the fuel component as ―Short needled‖ or ―Long needled‖  

Foliage (Plantations): The plant type by means of its foliage is given here selecting 
between ―Deciduous‖ and ―Evergreen options‖  

Continuity (Plantations): The assessment of the continuity of the fuel bed is 
provided here in three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ (―Continuous‖ 
or ―Sparse‖ means that the fuelbed will carry easily or hardly the fire and is selected 
following the normal status of the envisaged fuel component,) while ―Open‖ is used 
when the fuel continuity is quite scarce to influence any fire potential. 

Vertical structure The Vertical structure of the Fuel Complex is described in four layers as follows:  

 Tree (Canopy) layer 

 Shrub layer 

 Surface layer and 

 Ground layer 

Table 15  Fields included in the FUELMAP web form 

Information is filled according to the prototype of the FC described by the user. The user should pay 
attention to fill only the layers that he/she estimates influencing fire occurrence and behavior.  

The fields regarding the description of the vertical structure of the FC for the various groups of FUELMAP 
and the context of providing the respective input are presented here next. 

4.3.2. VERTICAL STRUCTURE  

4.3.2.1. Canopy layer 

The Canopy layer is linked with fuel components of the overstorey tree crown. Tree crown characteristics 
mainly influence fire behavior and effects. The Canopy layer includes the following fields to be selected by 
the user: 
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4.3.2.1.1. Tree type (Forest area) 

The type of tree composing or generating the fuelbed is very important for assessing fire potential. The 
options here are different from the ―Plantations‖ choice mentioned above. The user can select the tree 
type between ―Broadleaved‖, ―Conifers‖, ―Mixed‖ i.e. mixture of Conifers and Broadleaved and ―Palms‖  

Broadleaved 

Leaves (Forest area/Broadleaved): The user has two options for characterizing the shape of the leaves 
of broadleaved species which form the envisaged fuelbed i.e. ―Long leaf‖ or ―Palm leaf‖. These two distinct 
forms expose different Surface area to volume ratio and influence differently fire behavior characteristics. 

Foliage (Forest Area/Broadleaved): The plant type by means of its foliage is given here selecting 
between ―Deciduous‖ and ―Evergreen options‖  

Crown shape (Forest Area/Broadleaved): This field defines the distance of the crown base from the 

underlying vegetation. There are two selections: High crown base‖ which is selected in case the trees 

crown has a significant distance from the underlying vegetation (or ground) which will make difficult the 
passage of the fire to the crown (Canopy layer) and ―Low Crown base‖ which in the contrary refers to 
crown shapes that will facilitate the crowning of potential fire because of the proximity of the surface 
fuelbed to the crown. 

Volatiles (Forest area/Broadleaved): Through this field the user input information regarding the 

existence of volatile organic compounds (VOC) in the composition of the fuelbed. The selection is binary 
which means that the user has just to state ―Yes‖ or ―No‖ according to the existence or not of such 
compounds in the fuel bed. 

Continuity (Forest area/Broadleaved): The assessment of the continuity of the fuel bed is provided 
here in three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ 

Conifers 

Needles (Forest area/Conifers): The user selects the class of length of the needles characterizing the 
fuel component among ―Short needled‖ and ―Long needled‖ class 

Foliage (Forest area/Conifers): The plant type is given here by means of foliage and selecting between 
―Deciduous‖ and ―Evergreen‖ options 

Crown shape (Forest area/Conifers): This field defines the distance of the crown base from the 

underlying vegetation. There are two selections: High crown base‖ which is selected in case the trees 
crown has a significant distance from the underlying vegetation (or ground) which will make difficult the 
passage of the fire to the crown (Canopy layer) and ―Low Crown base‖ which in the contrary refers to 
crown shapes that will facilitate the crowning of potential fire because of the proximity of the surface 
fuelbed to the crown 

Volatiles (Forest area/Conifers): Through this field the user input information regarding the existence 

or not of volatile organic compounds (VOC) in the composition of the fuelbed. VOC are more common in 
Conifers than in Broadleaved tree species and in particular in South Europe   

Continuity (Forest area/Conifers): The assessment of the continuity of the fuel bed is provided here in 
three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ 

Mixed stands 

Dominance (Forest area/Mixed): The dominant type of trees within the mixed fuelbed is selected 
among ―Broadleaved‖ and ―Conifers‖ 

Foliage (Forest area/Mixed): The plant type is given here by means of foliage and selecting between 
―Deciduous‖ and ―Evergreen‖ options 

Crown shape (Forest area/Mixed): This field defines the distance of the crown base from the 

underlying vegetation. There are two selections: ―High crown base‖ which is selected in case the tree 
crown has a significant distance from the underlying vegetation (or ground) and ―Low Crown base‖ which 
in the contrary refers to crown shapes that are quite close to the underlying vegetation or ground 

Volatiles (Forest area/Mixed): Through this field the user input information regarding the existence or 
not of volatile organic compounds (VOC) in the composition of the fuelbed. VOC are more common in 
Conifers than in Broadleaved tree species and in particular in South Europe   

Continuity (Forest area/Mixed): The assessment of the continuity of the fuel bed is provided here in 

three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ 

Palms 

Palms (Forest area/Palms): Selection between ―Palm trees‖ and ―Low palms‖ 
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Continuity (Forest area/Palms): The assessment of the continuity of the fuel bed is provided here in 

three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ 

 

4.3.2.2. Shrub layer 

4.3.2.2.1. Trees 

Selecting ―Trees‖ in the Shrub layer means that the FC corresponds to a transitional stage where exist tree 
species in the canopy layer although the actual fuelbed has rather a shrub form. 

Tree type (Shrub layer/Trees/Broadleaved) 

The user can select the tree type between ―Broadleaved‖, ―Conifers‖, ―Mixed‖ i.e. mixture of Conifers and 
Broadleaved and ―Palms‖  

4.3.2.2.2.  

A) Leaves (Shrub layer/Trees/Broadleaved) 

The user has two options for characterizing the shape of the leaves of broadleaved species which form the 
envisaged fuelbed i.e. ―Long leaf‖ (rather elongated) or ―Palm leaf‖ (rather rounded). These two distinct 
forms expose different Surface area to volume ratio and influence differently fire behavior characteristics. 

B) Needles (Shrub layer/ Trees/Conifers) 

The user selects the class of length of the needles characterizing the fuel component among ―Short 
needled‖ and ―Long needled‖ class 

C) Dominance (Shrub layer/ Trees/Mixed) 

It is asked the user the kind of trees dominating in the formation of the fuel bed. Options are 
―Broadleaved‖ and ―Conifers‖ 

Foliage (Shrub layer/ Trees) 

The plant type is given here by means of foliage and selecting between ―Deciduous‖ and ―Evergreen‖ 
option 

Crown shape (Shrub layer/ Trees) 

This field defines the distance of the crown base from the underlying vegetation. There are two selections: 
―High crown base‖ which is selected in case the tree crown has a significant distance from the underlying 
vegetation (or ground) and ―Low Crown base‖ which in the contrary refers to crown shapes that are quite 
close to the underlying vegetation or ground 

Volatiles (Shrub layer/ Trees) 

Through this field the user input information regarding the existence or not of volatile organic compounds 

(VOC) in the composition of the fuelbed. VOC are more common in Conifers than in Broadleaved tree 
species and in particular in South Europe   

Continuity (Shrub layer/ Trees) 

The assessment of the continuity of the fuel bed is provided here in three classes i.e. ―Continuous‖, 
―Sparse‖ and ―Open‖ 

4.3.2.2.3. Shrubs 

Shrub height (Shrub layer/Shrubs) 

The shrub is classified as ―Tall‖ or ―Low”. An indicative threshold to distinguish between Low and Tall 
shrubs is 1m. 

Foliage (Shrub layer/Shrubs) 

The plant type is given here by means of foliage and selecting between ―Deciduous‖ and ―Evergreen‖ 

option 
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Leaves (Shrub layer/Shrubs) 

The user selects among ―Broadleaved‖ Needle-like or ―Scale-like‖ according to the type of the shrub 

Shrub form (Shrub layer/Shrubs) 

Characterization of the appearance of the shrub as ―Open‖ or ―Compact‖. Open form means more loose 

fuel bed and more rapid fire propagation while compact means probably greater probability of smoldering 

Volatiles (Shrub layer/Shrubs) 

Through this field the user input information regarding the existence or not of volatile organic compounds 
(VOC) in the composition of the fuelbed. VOC are more common in Conifers than in Broadleaved tree 

species and in particular in South Europe   

Continuity (Shrub layer/Shrubs) 

The assessment of the continuity of the fuel bed is provided here in three classes i.e. ―Continuous‖, 
―Sparse‖ and ―Open‖ 

4.3.2.3. Surface layer 

This option should be selected if the FC is characterized by a relevant vegetative layer which is significant 

for fire occurrence or propagation. In other case you don’t have to check the “Surface” layer option. 

4.3.2.3.1. Surface vegetation 

The user is asked to select between ―Herbaceous‖ or ―Dwarf‖ vegetation present in the FC. Dwarf 

vegetation includes scrub vegetative forms, low heaths and phrygana of height approximately 30cm or 
less. Checking ―Herbaceous‖ means that there is a continuous herbaceous layer able to sustain, carry and 
propagate the fire. According to the selection ―Herbaceous‖ or ―Dwarf‖ vegetation the system response will 
be different in the next. 

4.3.2.3.2. Height (Herbaceous) 

There are two options for selecting the height of the herbaceous layer i.e. ―Tall‖ and ―Low‖. It is obvious 
that the height of the herbaceous vegetation influences most of the fuel characteristics such as the fuel 
load, surface area to volume ratio, packing ratio etc which in turn define flame height and fire intensity 
and thereby the difficulty of suppression. The height should be considered respecting the fire season. A 
threshold of 15cm can be applied to distinguish between ―Tall‖ and ―Low‖. 

4.3.2.3.3. Leaves (Dwarf vegetation) 

Select among ―Thorny‖ (corresponding in most cases to phrygana), ―Broadleaved‖ and ―Needlelike‖ options 
of the leaves of the dwarf vegetation. 

4.3.2.3.4. Shrub form (Dwarf vegetation) 

The ―Shrub form‖ has two options:  ―Compact‖ and ―Open‖, requesting information as regards the 
appearance of the dwarf shrub component. 

4.3.2.3.5. Volatiles (Dwarf vegetation) 

Through this field the user input information regarding the existence of volatile organic compounds (VOC) 
in the composition of the fuelbed. The selection is binary which means that the user has just to state ―Yes‖ 
or ―No‖ according to the existence or not of such compounds in the fuel bed.  

4.3.2.3.6. Continuity 

The term of continuity is used in Fuelmap instead of density which term is normally used in forest fuel 
modeling. This is mainly related with the fact of lacking spatial information regarding fuel density. In any 

case Continuity reflects a significant feature of the fuelbed such as homogeneity. The assessment of the 
continuity of the fuel bed is provided here in three classes i.e. ―Continuous‖, ―Sparse‖ and ―Open‖ 
(―Continuous‖ or ―Sparse‖ means that the fuelbed will carry easily or hardly the fire and is selected 

following the normal status of the envisaged fuel component,) while ―Open‖ is used when the fuel load and 
distribution is quite scarce to support any kind of fire potential. 
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4.3.2.4. Ground layer 

4.3.2.4.1. Ground vegetation 

The options here are ―Peat‖ and ―Litter‖. ―Peat‖ selection is relate with peat bogs while ―Litter‖ allows to 

roughly introduce information of dead downed biomass regarding the envisaged Fuel complex. 

4.3.2.4.2. Depth (Ground layer/Peat) 

The user/expert selects between ―Deep‖ and ―Shallow‖ layer of peat.  

4.3.2.4.3. Depth (Ground layer/Litter) 

The user/expert selects between ―Thick‖ and ―Thin‖ layer of litter. 

4.3.2.4.4. Continuity 

Provide information as regards the continuity of the fuelbed three classes i.e. ―Continuous‖, ―Sparse‖ and 
―Open‖, according to its more usual/representative pattern. 

4.3.3. ECOREGIONS 

The user selects the ecoregions where the specific FC occurs. Multiple selection using check boxes is 
available. This field can be filled with information coming from the spatial analysis of the FUELMAP maps. 

Flammability 

The user (expert) is asked to characterize the flammability level of the envisaged Fuel Complex based on 
his expertise. There are four classes available for characterizing directly the FC flammability i.e. Low, 
Moderate, High and Extreme.  These four classes can be assigned based on the estimation of the expert 
concerning a specific Fuel Complex as follows: 

 Low (F1): Very high heat requirements for fuel ignition 

 Moderate (F2): High heat requirements for fuel ignition 

 High (F3): Medium heat requirements for fuel ignition 

 Very high (F4): Low heat requirements for fuel ignition 

Combustibility 

The user (expert) is asked to characterize the combustibility level of the envisaged Fuel Complex based on 
his expertise. There are four classes available for characterizing directly the FC combustibility i.e. Low, 
Moderate, High and Extreme.  These four classes can be assigned based on the estimation of the expert 
concerning a specific Fuel Complex as follows: 

 Low (C1): Low rate of fire spread (0-0.5 m/min). Low intensity fire. 

 Moderate (C2): Medium rate of fire spread (0.5-3 m/min). Medium intensity fire. 

 High (C3): Fast rate of fire spread (3- 5 m/min). High intensity fire. 

 Very high (C4): Very fast rate of fire spread (> 5 m/min). High intensity fire. Possibility of extreme 
fire behaviour (spotting, crowning). 

Fire Impact 

The user (expert) is asked to characterize the fire impact level of the envisaged Fuel Complex based on his 
expertise. The concept of resilience can be considered for such purpose. There are thus four classes 
available for characterizing directly the resilience of a Fuel Complex following a fire event i.e. Low, 
Moderate, High and Extreme resilience.  These four classes can be assigned based on the estimation of the 
expert concerning a specific Fuel Complex as follows: 

 Low (R1):  Original vegetation won't recover 

 Moderate (R2):  Vegetation  will be reestablished with significant changes in species composition 

and/or vegetation form 

 High (R3):  Vegetation  will be reestablished with very small changes in species composition 
and/or vegetation form 

 Very high (R4): Recovery of vegetation in it's original form and composition almost ensured 

Fire Code 

This is a code created by the system combining the values (classes) of the aforementioned three specific 
fire potentials (Flammability, Combustibility and Fire Impact). For example the Fire code F2_C3_R2 
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indicates a Fuel Complex with Moderate flammability, High combustibility and Moderate resilience 

potential. 

Countries 

A list of countries including EU27 and other European countries is provided to the expert in order to tick 

the respective boxes of the countries in which the envisaged Fuel Complex occurs. 

Description 

This is a text box aimed to be used by the expert for listing the species present in the envisaged Fuel 
Complex. The species can be arranged in main and secondary groups of Trees and Shrubs. Grass species 
can be listed as well. The content of this box can be used through the search utility of the web application 
for search or clustering purposes of Fuel Complexes with similar vegetation composition. 

Fire performance 

This is a also a text box which is aimed to be used for recording information concerning the performance of 
the specific Fuel Complex to fire. As a general rule this field can be considered as a text explaining the 
characterization of the Fuel Complex provided by the expert in the components of the Fuel Complex  Fire 

code (Flammability, Combustibility and Fire impact or Resilience). 

Correspondent (FUELMAP) FC 

This is a list used by the expert for relating the envisaged Fuel Complex with one of the FUELMAP Fuel 

Complexes. Currently there is a one-to-one relation between the content of the FUELMAP data base and 
the FUELMAP Fuel Complexes however submitting new fuel beds in the future this fact shall change. 

Correspondent (FUELMAP) Fuel type 

This is a list used by the expert for relating the envisaged Fuel Complex with one of the FUELMAP Fuel 
types.  This creates a table that is used for creating the respective FC/FT table to be used further for 
mapping the FUELMAP Fuel types. 

Correspondent NFFL model 

This is a list used by the expert for selecting the correspondent NFFL model to the envisaged FUELMAP 
Fuel Complex. 

Correspondent PROMETHUS fuel type 

This is a list used by the expert for selecting the correspondent PROMETHEUS fuel type to the envisaged 
FUELMAP Fuel Complex.   

Fuel Complex Code 

A complex code is created for each Fuel Complex based on the data entered. This code is used by the 

system for classifying and clustering the Fuel Complexes. 

Photos 

The web application allows the user to upload representative photos of the Fuel Complex in order to 
provide a visual impression of the relative fuelbed. 

 

4.3.4. CLASSIFICATION OF FUEL COMPLEXES INTO FUEL TYPES USING THE 

WEB-FORM DATA   

Based on the structure of the information considered in the FUELMAP web form and the data entered, a 
number of software utilities are developed for anticipating the grouping and classification of the FCs 
according to the qualitative assessment assigned to specific fuelbed and vegetation features. These utilities 
allow clustering easily the Fuel Complexes of the FUELMAP data base according to user-defined criteria 
which are related to relevant fields included in the web-form.  

Such classification was implemented using the approach illustrated in Figure 4-2, i.e.  filtering the 
FUELMAP data base into clusters according to the Forestry model and the values of Fuelmap Group 
(vegetation type), fuelbed continuity, elevation zone class, Fuel load and Live/dead ratio class. The results 
of applying the relative filtering procedure to the current FUELMAP data set are shown in Table 16 

The current version of the web application classifies the FCs and creates instantly the table relating the 
FCs and the FTs according to the data entered in the FC web-forms. Thus the table shown in Table 16 is 
used as the main input for creating the list of FUELMAP Fuel types shown in Table 13. In the future, as 

soon as the content of the FUELMAP data base will be revised and refined as regards the description of the 
Fuel Complexes, this utility shall be used for reclassifying directly the FC list and create a new list of Fuel 

types with re-arranged FCs in the different FT groups.    

Beyond supporting the clustering of the FCs (included in the FUELMAP data base) into Fuel type groups 
through the FC/FT relation mechanism mentioned above the web-application provides also the possibility 
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to characterize the Flammability, Combustibility and Fire Impact potential of each Fuel Complex. This task 

is based on a complex procedure and production rules which combine and weights the classes of each of 
the Fuel Complex features used for defining the Fuel types set (Forestry model, Fuelmap group, fuelbed 
continuity, vertical structure, elevation, fuel load and live/dead class) in a relative manner as regards the 

aforementioned three potentials.  

The system allows the user to assign directly his/her assessment regarding the Flammability, 
Combustibility and Fire Impact potential of each Fuel Complex. However it also supports the estimation of 
these potentials based on the level of influence of the classes of the Fuel Complex features according to 
the knowledge of the expert 

 

 

Table 16 Table corresponding FCs of the FUELMAP data base to respective  FTs 

4.4. ASSESSMENT OF FIRE POTENTIAL OF THE FUELMAP FUEL TYPES  

Wildland vegetation is codified and organized in Fuel Complexes and Fuel Types in context of FUELMAP 
based on expert-defined physiognomic and fire-related qualitative characteristics. However the forest fuels 
grouping can’t support directly a uniform interpretation of the performance of each group item as regards 
the various aspects of forest fire. For this purpose it was considered helpful to provide support for 
characterizing the Flammability (F), Combustibility (C) and Fire Impact (I) potential of the FUELMAP Fuel 
Types. Thus the expert is allowed to classify directly the envisaged Fuel Complex in one of the four classes 

(Low, High and Extreme) provided by the FUELMAP web-form interface for recording Fuel Complex data. 
Beyond the possibility of input directly information representing the expert’s opinion  (based on his/her 
knowledge and judgment) as regards the fire performance of the Fuel Complex  in relation to 
Flammability, Combustibility and Fire Impact an additional more systematic and comprehensive approach 
is elaborated.  It should be noticed that the above mentioned approach, which is described here next, is a 
first attempt and needs further testing and refinements in order to be able to provide meaningful results. 

4.4.1. METHODOLOGY OF ASSESSING F, C, I CLASS FROM FC DATA 

The methodology described here next aims to provide a formal way for assessing Flammability (F), 

Combustibility (C) and Fire Impact (I) potential levels based on the descriptive data available for the Fuel 
Complexes in the FUELMAP data base.  The methodology aims to arrange the F, C and I fire potential of 
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the Fuel Complexes in one of three classes (Low, Medium, High) based on a systematic and coherent 

approach.  

A first step towards this objective was to develop tables of values with coefficients representing 
quantitatively the contribution of the parameters defined for characterizing the FUELMAP fuel types shown 

in Figure 4-2 (including also the Ecoregions item) to the fire potentials envisaged in FUELMAP, namely 
Flammability (FP), Combustibility (CP) and fire Impact (IP). The sum of these values for each of the 
aforementioned three potentials (F,C, I) and for each of the FC parameters  considered (Ecoregions, 
Elevation zone class, Forestry model, Vegetation type, Fuelbed continuity, Vertical structure of the fuelbed,  
Fuel load and Live/dead ratio class) is determined to be 100. Thus the values in the cells of the respective 
table represent the relative contribution of each class of the considered parameter to the individual fire 
potential (F, C, I) examined.  Currently these values have been defined empirically however the tables can 

be modified and updated having different evidence or data available. Modification of the values can be 
done through a simple web interface. 

Here next are presented the tables with the input values of the F, C, I related coefficients for each of the 
eight fuel type characterization parameters considered. 

 

Table 17  Coefficient values concerning the extent in Ecoregion(s) of the envisaged Fuel Complex 
relative to the FUELMAP fire potentials 
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Table 18 Coefficient values concerning the Elevation zone and Forestry model classes of the 
envisaged Fuel Complex relative to the FUELMAP fire potentials 

 

 

Table 19 Coefficient values concerning the Fuel Continuity and Vertical structure (stratification) 
classes of the envisaged Fuel Complex relative to the FUELMAP fire potentials 

Fuel Continuity values are input using the FUELMAP web form and can be different for the different layers 
composing the Fuel Complex. For this purpose we use here (Table 19) the Surface layer Continuity values 
of the web-form for FP, the Shrub layer values for CP and the Canopy layer values for the Fire Impact 

potential. 

In addition since each Fuel Complex (or other potential fuel bed) is described through the web-form and 
according the FUELMAP scheme as having one or more strata, then the respective value of the coefficient 
associated to the parameter of Vertical structure (Table 19-b) is defined as the sum of the respective 

values of the layers present in the Fuel Complex. 



57 

 

 

Table 20 Coefficient values concerning the Live/Dead ratio classes of the envisaged Fuel Complex relative 
to the FUELMAP fire potentials 

 

Table 21 Coefficient values concerning the Fuel load classes of the envisaged Fuel Complex relative to the 
FUELMAP fire potentials 

 

Table 22 Coefficient values concerning the physiognomy (vegetation type) of the envisaged Fuel Complex 
relative to the FUELMAP fire potentials 

The Coefficient values of the above tables are applied to each Fuel Complex (or any fuel bed described 

using the FUELMAP approach) for defining the respective value (coefficient) of the Fuel Type 
characterization parameter (including the Ecoregions issue as well) as regards the three FUELMAP fire 
potentials (F, C and I) of the envisaged Fuel Complex.  
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While in the web-form input interface the expert is provided with a four-class selection for characterizing F, 

C and I fire potential in the systematic approach described here we considered using only three classes 
(Low, Medium and High F,C,I potential). This fact shall facilitate the efficient checking and management of 
the results produced using the envisaged methodology.  

The values estimated using the above  tables which concern the influence  of the individual parameters to 
the level of the respective F,C and I fire potentials are crossed with another table (Table 23) which 
weights the relative contribution of each parameter to each of the three envisaged potentials (F,C,I). 

 

Table 23 Weights for calculating the Fire Potential values of the Fuel Complexes considering the relative 
influence of the main Fuel Type characterization parameters 

 

Multiplying the values of the Table 17-> Table 22 with the respective value of Table 23 and adding 
these products we come up with a total value for each Fire Potential per Fuel Complex. The calculated 

values are further classified in three classes (Low, Medium, High) using appropriate threshold values. 
Default thresholds are currently set to <25 for Low, 26-30 for Medium and >30 for High as regards the 
respective calculated values for Flammability and Fire impact and <30 for Low, 31-35 for Medium and >35 
for High.  These values are related to the values used in the input Table 16-> Table 22 and the results of 

the first elaboration of the tables. Though these thresholds need further elaboration and refinements and 
for this purpose the FUELMAP web application supports easily their potential change in the future. Thus 
finally a table is developed for each Fuel Complex with the respective values of the FUELMAP fire potential 

(F, C, I) as shown in Table 24. 

 

Table 24 Sample of the table of the Fire Potential values for the FUELMAP Fuel Complexes 

Till this stage the F, C, I class of the Fuel Complex is assessed. In order to assess the respective class of 
the FUELMAP Fuel Types the Table 24 is crossed with Table 13 for creating another table (Table 25) 
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which is the respective Table 24 referred though to the FUELMAP Fuel Types instead of the Fuel 

Complexes. Each Fuel Type corresponds to one or more Fuel Complexes and thus the Fire relative Fire 
Potential (classes) values of the respective Fuel Complexes are used for creating Table 25.  The worst 
case rule is applied for creating this table which means the maximum value of the Flammability or 

Combustibility and the Lower for Fire Impact potential of the FCs associated with the envisaged Fuel Type 
is considered as the respective potential of the Fuel Type. 

Having created the table of the Fire Potential classes for the Fuel Types  is possible to create respective 
Fire Potential (Flammability., Combustibility, Fire Impact) maps for the FUELMAP area based on the three-
class (Low, Medium, High). Thus the following maps can be created: 

 a Flammability Potential map depicting the low, medium and highly flammable vegetation areas,  

 a Combustibility Potential map showing the respective low, medium and highly combustible 

vegetation areas of FUELMAP and  

 a Fire Impact potential map representing the areas of assessed low, medium and high impact of 
fire. 

 

Table 25 Sample of the consolidated table Fire Potential values of the FUELMAP Fuel Types 

The above described methodology is supported by a respective software application which allows editing 
the values of the tables Table 17-> Table 23 and creating the Table 24 and Table 25. Furthermore the 
software application can provide suggestions for classifying new fuel beds described using the FUELMAP 
web form to the most relevant Fuel Type.   

4.4.2. GLOSSARY 

Fuel type characterization parameters: These are parameters describing characteristics of the Fuel 
Complexes which are considered for reclassifying Fuel Complexes to Fuel types. Such characteristics 
include: Forestry model, Elevation zone, Vegetation type, Vertical structure, Fuel Continuity, Fuel load, and 

Live/Dead ratio. Additionally the Ecoregion item is considered within the Fuel type characterization 
parameters when assessing the F,C,I fire potential level. 

Fuel bed: A combination of one or more fuel strata. In FUELMAP the term is used as a generic reference 
to potential fuelbed of forest fuels while the term Fuel Complex which is practically a synonym of fuel bed 
is used for the specific fuel beds defined in FUELMAP.   

Fuel type:  An aggregation of Fuel Complexes, having similar or equivalent characteristics in terms of 

geographic extent (Ecoregions and elevation zone), forestry model (Plantation or Forest area), structure 
(horizontal and vertical), fuel load and dead/live ratio of vegetation during the fire season. 
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Fuel Complex: In FUELMAP the term is used for describing the fuelbeds that have been identified and 

classified within the project. 

FUELMAP Groups: The FUELMAP Groups provide the following options: 

 

1. Pasture , including mainly Pastures 

2. Grassland, a category which includes Natural grasslands, Sparsely vegetated areas, Steppes, 
Alpine grasslands and some cases of Moors and headlands 

3. Shrubland, including Moors and heaths, Tundra, Steppes, cases of Sparsely vegetated areas, 
Sclerophyllous vegetation and Transitional woodland-shrubland situations 

4. Forest, includes main forest types spread across Europe  

5. Halophytic/dune, category including inland halophytic vegetation and Dunes 

6. Peat bog, category representing areas where peat land of decomposed moss and vegetation is 
present 

7. Marsh, representing inland and salt marshes more or less saturated by water all year round 

8. Agroforestry areas, which include traditional, low-input, extensive land-use and land-cover 
systems, composed mainly of open shrubs, sparse oak trees and continuous annual 
herbaceous vegetation and 

9. Wildland Urban Interface, representing transition zones between wild land and human 
development areas or areas of mixture of forest vegetation with homes and buildings.  

Other  Fuel types: They are groups of Fuel Complexes corresponding to particular vegetation forms that 
are Halophytic/Dunes vegetation, Peat bogs, Marshes, Agroforestry and Wildland-urban interface areas. 

4.4.3. REFERENCES 

CEC- Commission of the European Communities, 1994. CORINE Land Cover. Technical Guide. Office 
for Official Publications of European Communities, Luxembourg. 

CLC2000-CORINE Land Cover update I&CLC2000 project -Technical Guidelines. Copenhagen. 

4.5. THE QUANTITATIVE DESCRIPTION OF THE FCS OF THE FINAL LIST 

The quantitative characterization of the fuel complexes refer to the FCs of the Final list.  

4.5.1. FUEL LOAD DISTRIBUTION PER FUEL SIZE CLASS 

4.5.1.1. Size class definition 

Fuel particles are partitioned by size class and their condition (live or dead), therefore establishing the 
limits for the description of their properties (Algöwer et al, 2007).  

Dead fuels are usually classified regarding its moisture time lag, i.e., the time it takes for a fuel component 
to reach 2/3 of its equilibrium moisture content (Byram, 1963) when the ambient conditions change. 
These fuel classes correspond to the more generic division of fine, medium and heavy fuels, as shown in 
Table 26: 

 

Fuel category Timelag Fuel Size (cm) 

Fine fuels 1-hr 0-0,6 

Medium fuels 10-hr 0,6–2,5 

Heavy fuels 100-hr 2,5–7,6 

Table 26 Surface Fuels Size Classes 

Live fuel class usually includes herbaceous and woody fuels that are considered fine fuels. It is therefore 
considered that medium and heavy sized live fuels do not participate in the spreading phase of a fire, 

although they can burn in a subsequent stage of the fire development.  

This is not a universal rule. As shown by Algöwer et al (2007), other class size classification schemes exist 
but this one is the most widely used. 

Size class parameter by itself is not very relevant when describing or characterizing forest fuels. Fuel class 
sizes are needed in connection with the distribution of fuel load in order to characterize fuel models that 
are then applied in fire behaviour models, namely Rothermel’s. 
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In fire behaviour modelling it is assumed that the fine fuels (1-hr) are the most influent in fire behaviour 

characteristics such as rate of spread and frontal fire line intensity. The coarse fuels (medium and heavy 
sized) have a major influence in the quantity of heat released per unit area and in the burnout time, but 
this process occurs usually after the passage of the main front. 

One very important parameter related to particles size is the surface-to-volume ratio (SAV). The SAV is an 
important measure because of its relationship to rates of change in fuel temperature and moisture 
content, and consequently expressing the particle availability to combustion.  

SAV has the dimensions of the inverse of a length and it is expressed in m-1 or cm-1. Basically SAV is the 
inverse of the minimum dimension of a particle multiplied by some form factor that depends on the shape 
of the particle. 

 

4.5.1.2. Methodology to derive the parameters 

The methodology proposed is based on literature review, as it is out of the scope of FUELMAP project to 

perform field work measurements. The underlining idea is to use values from well documented and 
established classifications of forest fuels. The objective of this quantification of fuel load by size class is the 
establishment of ranges of values and averages. 

Taking into account that site specific fuel models information in Europe is scarce, except for some 
Mediterranean countries, an approach based on existing and well documented models is proposed. The 
following schemes were addressed in this work: 

1) The standardized set of 13 fuel models (Anderson, 1982) or NFFL models 

2) The 7 Prometheus fuel models (Prometheus, 2000)  

3) The new set of 40 standardized set of fuel models proposed by Scott and Burgan (2005).  

As a complement local fuel datasets are used, when available. 

Each one of these three groups of fuels is defined according to the strata responsible for fire propagation. 
Average values, maximum and minimum limits can be obtained from these sets in order to produce a 
generic approach to fuel load ratios and surface volume to area by class size. A ratio for the fuel class 

distribution was calculated based on the load values of the different fuel models of each group. 

Most countries in Europe have been using the NFFL models, either in its original form or adapted to local 
conditions (e.g. ICONA, 1987; Prometheus, 2000). After the development of the 40 new standardized 
models most migrated to this new set. Some countries have developed site specific fuel models (e.g. 
Allgöwer et al. 1998; Dimitrakopoulos, 2002; Cruz, 2005; Fernandes, 2009) based on field measurements 
and in some cases validated with real wildfire data (Fernandes, 2009). These local datasets can be used to 
refine size class fuel ratio for specific areas. 

The tables with SAV ratios and fuel loads by size classes are in annex 1. The surface to area values (SAV) 
that are given in Tables I) and III) (See ANNEX 1) were obtained by direct conversion of FFs given in non-
metric units. This is the reason why they have so many digits. It would be more appropriate to round-off 
these values like in the Prometheus Table that was developed from the beginning using metric units. 

From our perspective, the new set of 40 standardized models proposed by Scott and Burgan to substitute 
the NFFL is the best approach as it covers all fuel strata significant for fire propagation and it is based on a 
relatively large set of fuel models. Values calculated from this set are shown in Table 27 . 
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SAV (m-1) Fuel load ratio (0-1,00) 

  
Min Avg Max Min Avg Max 

Grass 

Fine fuels 1-hr ( 0-0,6 cm) 4921 6084 7218 0.03 0.09 0.25 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.06 0.20 

Heavy fuels 100-hr (2,5–7,6 cm) - - - - - - 

Live Herbaceous 4265 5413 6562 0.75 0.85 0.97 

Live Woody - - - - - - 

    

Grass-Shrubs 

Fine fuels 1-hr ( 0-0,6 cm) 5906 6216 6562 0.09 0.14 0.19 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.05 0.19 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.01 0.01 

Live Herbaceous 5249 5558 5906 0.23 0.30 0.45 

Live Woody 5249 5558 5906 0.38 0.50 0.55 

    

Shrubs 

Fine fuels 1-hr ( 0-0,6 cm) 2461 3359 6562 0.05 0.25 0.50 

Medium fuels 10-hr (0,6–2,5 cm) - - -- 0.13 0.27 0.37 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.05 0.15 

Live Herbaceous - 5906 5906 0.00 0.02 0.10 

Live Woody 4593 5130 5249 0.24 0.41 0.67 

    

Trees (timber-
understory) 

Fine fuels 1-hr ( 0-0,6 cm) 4921 6174 7546 0.05 0.34 0.69 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.21 0.43 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.19 0.41 

Live Herbaceous - 5558 5906 0.00 0.03 0.20 

Live Woody 2461 4320 6562 0.05 0.23 0.34 

    

Trees (timber-litter) 

Fine fuels 1-hr ( 0-0,6 cm) 5906 6404 6562 0.03 0.28 0.70 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.14 0.26 0.40 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.13 0.46 0.83 

Live Herbaceous - - - - - - 

Live Woody - 5249 5249 - - - 

    

Slash 

Fine fuels 1-hr ( 0-0,6 cm) - 6562 6562 0.10 0.31 0.49 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.19 0.25 0.33 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.27 0.44 0.71 

Live Herbaceous - - - - - - 

Live Woody - - - - - - 

Table 27 Values calculated from Scott and Burgan 2005 

 

In order to refine the classification local datasets can be used instead of the more generic approach 

described before. When no local data is found Scott & Burgan can be used but in cases like the 
Mediterranean Basin national data should be used instead. 

For each fuel complex the strata responsible for fire propagation must be identified. It can be one of the 
three main groups: 

1. Grass (identified in Prometheus as surface fuels) 

2. Shrubs 

3. Forest litter 
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The assignment of each fuel type to one of the fuel models for the extraction of parameters was made 

based on the expert opinion of FUELMAP partners. 

From the set of Scott & Burgan fuel models we can also compile the load and SAV values dividing them 
into broadleafs and conifers, as shown in Table 28. 

 

  
SAV (m-1) Fuel load ratio (0,00-1,00) 

  
Min Avg Max Min Avg Max 

Broadleafs 

Fine fuels 1-hr ( 0-0,6 cm) 5906 6327 6562 0.05 0.35 0.69 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.27 0.43 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.29 0.41 

Live Herbaceous - 5558 5906 0.00 0.02 0.20 

Live Woody - 5068 5249 0.00 0.06 0.34 

        

Conifers 

Fine fuels 1-hr ( 0-0,6 cm) 4921 6314 7546 0.03 0.27 0.70 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.14 0.23 0.40 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.13 0.42 0.83 

Live Herbaceous - - - 0.00 0.00 0.00 

Live Woody - 4004 6562 0.00 0.08 0.00 

Table 28 Broadleafs and conifers values, calculated from Scott and Burgan (2005)  

 

We can address fuel load by size classes in two ways, depending on the available information derived in 
earlier steps for total fuel load, i.e., depending on the availability of the fraction of total fuel load 
corresponding to surface fuels. 

1. If the fraction of the load corresponding to surface fuels is given then the ratios of each size 

class presented in table III of ANNEX 1(Scott & Burgan, 2005) should be applied to this values, 
thus obtaining fuel load by size class. The average ratios can be applied to whatever comes 
from the biomass assessment, i.e., if minimum, maximum and average loads are given then 
the ratios can be applied to all.  

2. If only the total load of the complex is given (including trees, canopy, understory) and we can’t 
derive the fraction corresponding just to surface fuels then the original values from Scott & 

Burgan can be used. An alternative is to use the expertise of the FUELMAP consortium to 
assess the fraction of each layer as shown in the next table (Table 29 ): 

 

Fuel type Fuel layer Fraction (0-1) 

Peat Peat 1.00 

 

 Herbaceous Herbaceous 1.00 

 

Shrubs 
Herbaceous 0.2 

Shrubs 0.8 

 

Trees 1 (Conifers) Litter 0.2 



64 

 

Herbaceous 0.1 

Shrubs 0.35 

Canopies 0.35 

 

Trees 2 (Perenial 
broadleves) 

Litter 0.25 

Herbaceous 0.2 

Shrubs 0.2 

Canopies 0.35 

 

Trees 3 (Deciduous 
broadleaves) 

Litter 0.4 

Herbaceous 0.2 

Shrubs 0.1 

Canopies 0.3 

Table 29 fraction of fuel load per layer 

 

3. In the case of Mediterranean Countries local fuel models can be directly used to describe 
similar fuel types. Table 30 lists the identified local fuel models to date. 

Source Country Fuel types described 

Cruz, 2005 Portugal 
Herbaceous, shrubs, pine stands, eucalyptus stands, 
broadleafs and slash residues 

Cruz and Fernandes, 2008 Portugal Pinus pinaster stands 

Fernandes, 2009 Portugal 
Shrubs, Eucalyptus globulus, Pinus pinaster, Quercus 
pyrenaica, Quercus suber, other deciduous oaks, diverse 
broadleafs and Acacia spp  

Dimitrakopoulos, 2002 Greece 

Evergreen-sclerophyllous shrublands (maquis), Kermes 
oak shrublands, Phrygana, Mediterranean grasslands and 
Forest litter layer of Mediterranean pine species – no SAV 
values 

Allgöwer et al, 1998 Switzerland 
P. mugo grex   arborea and   Larix decidua, P. mugo grex   
arborea, P.mugo grex   prostrate, cultivated conifer 
forests, frequently burned areas and Castanea sativa 

Table 30 Local datasets identified 

 

No other fuel models were obtained either because none were developed or because they are derived from 

one of the 3 described earlier (NFFL, Scott & Burgan or Prometheus).  

Based on the individual description of each of these local fuel models, values from load and SAV can be 
directly assigned to the new FUELMAP fuel complexes, if applicable. 

 

4.5.2. BIOMASS 

We agreed to use LAI Modis in order to derive foiliage biomass. 

1. Tree classes 

2. Foliage Biomass 

The foliage biomass can be assessed using remote sensed data. Zhang et al 2008 propose a computation 
of foliage biomass based on Heinsch et al., 2003 formula: 

FoliageBiomass
LAI

SLA  
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Eq. 1 Foliage Biomass 

 

SLA is the specific leaf area (projected leaf area Kg-1 leaf C) for a pixel, which is obtained from a look-up 
table from literature. LAI is based on Modis data. This methodology is applied to both level 1 and level 2 
fuel complexes, the only difference is the SLA set, adapted to the fuel type’s entries. 

4.5.2.1. Pre-processing MODIS data 

Process description: 

 Collection of MODIS-LAI  (MOD15A2) data of Europe at an interval of 8 days from 2002–2009 

 To reduce the noise in the LAI time series, these data were composed to monthly  LAI  by 
 averaging  the  LAI  values   

 The monthly LAI within a year was compared to retrieve the maximum monthly LAI in order to 
minimize the  impacts  of  LAI  seasonality 

 To  reduce  the uncertainty induced by interannual climate change and other factors,  the 
 maximum  monthly  LAI  in  2002-2009 were averaged to represent the maximum LAI 

 

 

Figure 4-20: Maximum Monthly MODIS-LAI 2002-2009 

 

The maximum LAI was assigned to different classes of Fuel Level 1 in each pixel. Because the maximum 
LAI value in a pixel (1 km) is generally for a mixture of several vegetation types we retrieved the LAI 

values in subpixels for each FL1 class (except class 3, 36, 37, 38 and 40). 

In particular we first extracted LAI values for each class of FL1 from the relatively pure pixel (the rule we 
applied was: at least 10 pixels of the same class FL1 are included in one pixel LAI), then these pixels were 
averaged.  

The next table shows the obtained LAI values and their standard deviations: 
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Code Class LAI avg st. dev

1 Agricultural annual crops 2.39 1.20

2 Agricultural permanent (tree/shrubby) cultivations 1.19 0.84

3 Wildland Urban interface areas - -

4 Land principally occupied by agriculture with 1.90 0.85

5 Land principally occupied by agriculture with 3.39 1.15

6 Open agro-forestry areas 1.60 0.88

7 Open-closed agro-forestry areas 1.75 0.72

8 Closed agro-forestry areas 1.78 0.78

9 Pastures 3.11 1.39

10 Pastures with significant tree cover 3.77 1.49

11 Natural grasslands 2.10 1.22

12 Natural grasslands with significant tree cover 3.00 1.51

13 Sparsely vegetated areas 1.05 0.83

14 Sparsely vegetated areas with significant tree cover 1.96 1.36

15 Moors and heath lands 1.85 1.00

16 Moors and heath lands with significant tree cover 2.61 1.45

17 Sclerophyllous vegetation 1.47 0.92

18 Sclerophyllous vegetation with significant tree cover 2.03 1.27

19 Open transitional woodland-scrub 1.70 1.18

20 Open-closed transitional woodland-scrub 2.32 1.54

21 Open broad-leaved forest 2.59 1.37

22 Open-closed broad-leaved forest 3.58 1.65

23 Closed broad-leaved forest 4.43 1.57

24 Open coniferous forest 2.79 1.18

25 Open-closed coniferous forest 2.70 1.27

26 Closed coniferous forest 3.36 1.25

27 Open mixed forest 2.98 1.38

28 Open-closed mixed forest 3.33 1.39

29 Closed mixed forest 3.88 1.37

30 Marshes (inland and salt) 2.65 1.50

31 Marshes (inland and salt) with significant tree cover 3.06 1.44

32 Wooded marshes (inland and salt) 3.34 1.35

33 Peat bogs 2.13 0.98

34 Peat bogs with significant tree cover 2.23 0.83

35 Wooded peat bogs 2.39 0.83

36 Burnt areas - -

37 Burnt areas with significant tree cover - -

38 Burnt areas with dense tree cover - -

39 Forest 3.55 1.45
 

Table 31 Mean and standard deviation of Modis LAI values according to fuel types classes 

 

These values are generally consistent (e.g., LAI class 18>LAI 17, LAI23>LAI22>LAI21) except for class 24 
and 25. 

Fuel Level 1 
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Zhang et al. 2006 attribute the following SLA values to MODIS Land Cover type (): 

Modis Land cover Type SLA

Evergreen Needleaf Forest (ENF) 21.1

Evergreen Broaleaf Forest (EBF) 23.3

Deciduous Needleaf Forest (DNF) 31

Deciduous Broadleaf Forest (DBF) 26.2

Mixed Forest (MF) 21.5

Grassy woodland (WL) 33.8

Wooded Grassland (Wgrass) 33.8

Close Shrub (Close Shrubland) 12

Open Shrub (Open Shrubland) 19

Grass (Grassland) 40

Crop (Croplands) 36  

Table 32 SLA values according to Heinsch et al. 2006 

 

According to these categories, the following look up table is proposed for SLA values: 

 



68 

 

Code Class SLA

1 Agricultural annual crops 36

2 Agricultural permanent (tree/shrubby) cultivations 24

3 Wildland Urban interface areas

4 Land principally occupied by agriculture with 34

5 Land principally occupied by agriculture with 32

6 Open agro-forestry areas 34

7 Open-closed agro-forestry areas 32

8 Closed agro-forestry areas 30

9 Pastures 40

10 Pastures with significant tree cover 34

11 Natural grasslands 40

12 Natural grasslands with significant tree cover 34

13 Sparsely vegetated areas 30

14 Sparsely vegetated areas with significant tree cover 26

15 Moors and heath lands 30

16 Moors and heath lands with significant tree cover 26

17 Sclerophyllous vegetation 15

18 Sclerophyllous vegetation with significant tree cover 12

19 Open transitional woodland-scrub 19

20 Open-closed transitional woodland-scrub 15

21 Open broad-leaved forest 27

22 Open-closed broad-leaved forest 25

23 Closed broad-leaved forest 23

24 Open coniferous forest 25

25 Open-closed coniferous forest 23

26 Closed coniferous forest 21

27 Open mixed forest 24

28 Open-closed mixed forest 22

29 Closed mixed forest 20

30 Marshes (inland and salt) 34

31 Marshes (inland and salt) with significant tree cover 32

32 Wooded marshes (inland and salt) 30

33 Peat bogs 38

34 Peat bogs with significant tree cover 36

35 Wooded peat bogs 34

36 Burnt areas -

37 Burnt areas with significant tree cover -

38 Burnt areas with dense tree cover -

39 Forest 24
 

Table 33 SLA values for fuel types level 1 

 

Next figures shows the foliage biomass assessment by using the average biomass density values: 
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Figure 4-21: Foliage biomass (tons/ha) 

 

4.5.2.2. Fuel Level 2 

The same formula is applied to biomass assement for fuel level 2 classes. The basis is elaborated at 
species level and then information collected are combined to correspond to the final list of fuels. 

We collected the SLA values at species level from White et al 2002, Sanchez et al.2008, Quero et al. 2007, 
Villalobos et al. 2006 and a specific database, LEDA traits database http://www.leda-traitbase.org. The 
only fuel we couldn’t compute is palm tree.  

 

http://www.leda-traitbase.org/
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Table 34 Extraction of SLA values from White et al. 2002 

We derived what could be the inputs of SLA in our field of fuel complexes, from the entries proprosed by 

UCLM team as the final list of fuel codes. The SLA values are computed as an average of the SLA at 
species level. We have extracted the species in the list of main species corresponding to the FL1 level, 
meaning for example that only coniferous are used in the computations if FL1 class is 9. The average 

assume that all the main species are quite homogeneously represented. We have retained this option 
rather to take only the first in the list of the main species, to take into account the different landscapes 
they can define and so fuel complexes. 
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Figure 4-22: Scheme of SLA assessment for final fuel codes 

 

4.5.3. BRANCH TO FOLIAGE RATIO 

4.5.3.1. Biomass Compartments database 

The Afolu database propose a large set of data in several compartments of biomass. The comparments and 
size are different according to species sampled and concerned species over the world.  

http://afoludata.jrc.ec.europa.eu/index.php/public_area/biomass_compartments 

We reduced the list to the one corresponding to our set of fuel types sampled in European area and 

calculated the mean values by compartment or the unique value when mean computation wasn’t possible. 

http://afoludata.jrc.ec.europa.eu/index.php/public_area/biomass_compartments


72 

 

 

Table 35 Extraction of Afolu compartment database. 

4.5.3.2. Fuel level 1 

As fuel types at level 1 are defined as general types of forests, data related to species can’t be not directly 
used. We assess a general profile for broadleaved and needleleaves and mixed types of forest, to compute 

a linear regression of branch biomass data in relation to foliage biomass ( Eq 1). 

Mbranch=a.Mfoliage+b 

Eq 1 Branch to foliage biomass relationship 

 

Regression parameters Level

a b Correlation Significance

Broadleaved 2.21 9.86 0.38 1%

NeedleLeaved 1.59 1.74 0.71 1.00E-06

Mixed 1.02 10.84 0.47 2.00E-03
 

Table 36 Linear regression parameters 
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Figure 4-23: Broadleaved species 

 

For needle leaved species the series the correlation is higher, showing a more homogeneous behavior 

between foliage and branches relationship (Figure 4-24). 
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Figure 4-24: Needleleaved species 
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To develop a regression modeling for mixed forests a dataset was designed retaining the species 

represented in fuel classes corresponding to FL1=10 (mixed forests- Figure 4-25). 
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Figure 4-25: Mixed forests 

4.5.3.3. Fuel level 2 

The regression parameters could be improved for broadleaved species by a clustering of data (Figure 
4-25), splitting the original dataset into three groups. The slopes of the three regression obtained are 

closed to the general equations but with much higher determination especially for the first group which 
gather the most represented species.  

As the slopes are closed and the general equation can be applied even if the species are not known 
accurately we prefer to keep the general equation which is adapted to all the fuel complexes in the list 
rather than equation species-dependent. In the same way, we have computed the mean values of branch 
to foliage biomass ratio, that can be used when species are fully described (3_1 to 3_85). But as this 
specific ratio cannot be computed for classes where species are not defined, we advocate to use the 

general equations computed at fuel level 1 to have a homogeneous information between all the fuel 
complexes entries (Figure 4-27). 
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Figure 4-26: Regression applied to clusters according to foliage biomass 

 

 

Figure 4-27: Extract of biomass parameters table 

 

4.5.4. UNDERSTOREY 

The compartment databases contain some relevant information on understorey biomass for some species. 
It concern what is growing in the shadow under the main tree canopy, including young trees and woody 
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shrubs, but not grasses. We tried to assess if they could be used to assign understorey values to those 

which are not informed, by a linear regression of foliage biomass to understorey biomass.  

The sample size is not highly significant if we reduce the series to the vegetation types present in our fuel 
complexes list. So in order to evaluate the interest of a statistical modelling of understorey we included 

most of the species in AFOLU database. 
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Figure 4-28: Relationship of understorey biomass to foliage biomass 

 

As shown in the FF, the statistical relationship is not very clear. But when we consider series according to 
type of forest, a linear modelling can be proposed in relation to foliage biomass for needleaved species one 
hand, and for broadleaved ones on the other hand (Table 37).  

Regression parameters Level

a b Correlation Significance

Broadleaved 2.85 -6.46 0.67 2.E-04

NeedleLeaved -0.29 6.44 -0.43 0.04

Mixed - - - -
 

Table 37 Regression parameters: Understorey 
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Figure 4-29: Broadleaved species regression understorey 
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Figure 4-30: Needleleaved species regression understorey t dm/ha 

 

We still can propose a default value for understory if understory of the fuel class cannot be modelled, the 

default value could then be assigned to the mode, for example the mean when the distribution modelling is 
Gaussian. A normal distribution modelling is acceptable for broadleaves species (mode=4) and for 
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needleaves species (mode=2.92). It corresponds to the 11th column of biomass parameters table : ―when 

understorey regression is not possible-General‖ (Figure 4-27) 
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Figure 4-31: Distribution modelling of understorey values (a: broadleaf, b: needleaf) 

 

4.5.4.1. Transitional classes 

To be able to provide biomass assessment for transitional classes we try to solve if they have to be mainly 
considered as forest or shrubs classes. The level of significance of mean and standard deviation between 
forests, transitional and shrubs classes was calculated at LAI data level.  

First, we checked that considering the shrubs as one class and forest classes as one class, transitional 
classes are mostly closer to forest type than to shrubs type. Then we assessed if the signature of each 

transitional class could be considered as not significantly different to forest class of the same type (Table 
38) or forest classes of the same kind of physiognomy. For example for 3_29 and 3_29_T highlighted in 
Table 38 as F29 and T129. The mean difference can be here considered as significantly different at 5% 
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level (when value is over 2), but 3_T_29 (Transitional Fagus spp.) is not significantly different from 3_30 

(Fagus orientalis) which has the same type of physiognomy.  

Transitional classes of fuel complexes rae closer to forest classes than shrubs classes and the general 
equation of forest are so applied; except for understorey assessmnt as we didn’t have any accurate 

information to define what it could be. 

 

Table 38 Extraction of significance table assessment 

 

4.5.5. SHRUBS AND GRASSES 

4.5.5.1. Formula 

To calculate shrub  and herb biomass we applied regression equations (Chojnacki et al, 2004; Zhang et 
al., 2008) based on the relationship between total  aboveground biomass and crown area or vegetation 
cover ( and ). 

 

Eq. 2 Biomass of shrubs 

Where Cs is the vegetation cover in shrubs (%) 

 

 

Eq. 3 Grass biomass 

Where CH is the vegetation cover in herbs (%) 

 

We calculated biomass for FL1 classes of shrubs (13,14,15,16,17,18,19,20,30,31,32) and herbs 
(9,10,11,12,13,14,30,31,32,33,34,35). See  for classes names correspondence. 

4.5.6. VEGETATION COVERAGE ASSESSMENT 

The vegetation cover was assessed according to F/nF information (therefore, FL1 class 9, herbs are max 

30%). If shrubs and herbs were simultaneously present in the same class (e.g. classes 13, 14) we have 
given them the same percentage of coverage. 

The rules applied to define the parameter of percent cover for shrubs and grasses layers are given in. 



80 

 

 

FL1 class N. class Vegetation 
form 

Tree 
cover 
(F/NF) 

Herbs and/or 

shrubs cover 

(derived) 

Pastures 9 herbaceous <30% 85% 

Pastures with sig. tree 
cover 

10 herbaceous >30% 

<70% 

50% 

Natural grassland 11 herbaceous <30% 85% 

Natural grassland 

with sig. tree cover 

12 herbaceous >30% 

<70% 

50% 

Sparsely vegetated areas 13 Herbs and 
shrubs 

<30% 42.5% herbs 

42.5% shrubs 

Sparsely vegetated areas 

with sig. tree cover 

14 Herbs and 
shrubs 

>30% 

<70% 

25% herbs 

25% shrubs 

Moors and heathland 15 shrubs <30% 85% 

Moors and heathland 

with sig. tree cover 

16 shrubs >30% 

<70% 

50% 

Sclerophyllous 
vegetation 

17 shrubs <30% 85% 

Sclerophyllous 
vegetation 

with sig. tree cover 

18 shrubs >30% 

<70% 

50% 

Transitional woodland 
scrub (open) 

19 Shrubs and 
trees 

<30% 85% 

Transitional woodland 

scrub (open-closed) 

20 Shrubs and 

trees 

>30% 

<70% 

50% 

Marshes 30 Herbs and 
shrubs 

<30% 42.5% herbs 

42.5% shrubs 

Marshes 

with sig. tree cover 

31 Herbs and 
shrubs 

>30% 

<70% 

25% herbs 

25% shrubs 

Wooded marshes 32 Herbs and 
shrubs 

>70% 7.5% herbs 

7.5% shrubs 

Peat bogs 33 herbaceous <30% 85% 

Peat bogs 

with sig. tree cover 

34 herbaceous >30% 

<70% 

50% 

Wooded peat bogs 35 herbaceous >70% 15% 

Table 39  Rules for percent of coverage in shrubs and grasses parameter 

4.5.6.1. Biomass maps creation 

We create the maps on the base of biomass parameters identified for each FC (see 4.5.2.2 and Figure 
4-27). 

When no value of SLA was associated with an FC we used Eq. 3 (for shrubs FC) or Eq 4 (for herbs FC). 

Based on Lai data several compartments of biomass were computed (Figure 4-32 to Figure 4-36) 
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Figure 4-32: Foliage Biomass 

 

Figure 4-33: Branch Biomass 
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Figure 4-34: Understorey Biomass 

 

 

Figure 4-35: Grasses and shrubs biomass 
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Figure 4-36: Above ground biomass 

The above ground biomass was assessed using the same method as other compartments, providing linear 
modeling for broadleaved, needleaved and mixed forests fuel complexes based on foliage biomass. 
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5. CREATION OF THE FUELMAP MAP 

5.1. METHODOLOGY OF SPATIAL REPRESENTATION OF FCS 

The FUELMAP SW tool will automatically replicate the fuel classification map from input data layers. The 
tool will accept different data sources to be combined following a new classification scheme for producing 
based on it a fuel map of Europe. Data sources are the CORINE Land Cover version 2006, MERIS Global 

Land Cover, the Bio-geographical regions version 2005, the Environment Stratification of Europe (Marc 
Meztger 2005) and the Potential Vegetation Map of Europe (Bohn et al. 2000). The final fuel map produced 
by the SW Tool will have to be ready for use as input layer in EEFIS. 

A detailed description of the tool can be found in [RD.2] 

5.2. RESOLVING CONFLICTS (SPATIAL RULES FOR SUPPORTING FUEL 

CHARACTERIZATION) 

5.2.1. OBJECTIVES 

Resolution of the FL1/FL2 incongruences or codification of undefined areas and generation of a new layer 
of modeled actual vegetation having values only in the pixels of the FL1/FL2 incongruences masks or 
undefined areas mask  

This only needs to be done in the Mediterranean area (i.e in the consortium countries) and it is originated 
by the requirement ([AD.1]) of making a more detailed classification in the Mediterranean 

The problems identified with the current version of the FUELMAP map, which are associated with the 

classification of the draft list of FCs are related with:  

1. Areas with coverage less than 0.2% of WF coverage within each ecoregion (C1) 

2. Areas with FL1 and FL2 main conflicts (C2) 

The conflicts type C2 characterize areas where actual vegetation (FL1) and potential vegetation (FL2) do 

not match, because FL2 is patently inconsistent with FL1. 

In this case the objective is to substitute the species of FL2 with species consistent with FL1. 

The conflicts type C3 are defined secondary because the FCs are described but they need other 

complementary data. 

The conflicts type C1 are undefined areas in the first version of FC map: in this case the objective is to 
assign a value to this areas (in the first version of FC map their value is 0). 

5.2.2. APPROACH 

The analysis of conflicts starts from the separation of different types of problems. 

Then the methodology makes use of spatial rules and/or spatial analysis techniques on the base of 
available spatial datasets and further complementary information: 

 

5.2.3. C2 CONFLICTS 

C2 type of conflict has been defined as the most important and urgently needed to be addressed and 

therefore most of the current effort is dedicated to solving this problem. 

The FCs related to C2 conflicts are splitted in the relative combinations of FL2-FL1-Ecoregions.   

These new map shows the spatial distribution of the conflicts providing a legend (which explains to the 
user the type of conflict observing the FL1 and FL2 code). In the legend the 4 first digits refer to the FL2 
code, the next 2 digits refer to the FL1 code and the last 2 digits refer to the Ecoregion number. 

In this way starting from FCs, 217 FL1-FL2-ecoregion combinations characterized by conflicts type C2 have 
been identified. 
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Figure 5-1: Map of C2 conflicts (red) 

 

The approach used for resolving the C2 conflicts is mainly based on the use of the information from 

national/regional/local datasets.  This spatial data set are used in order to define the actual vegetation in 
the areas with conflicts and defined an automatic processing based on the correspondence between the 
congruent FC code and the used databases codes and considering further the statistical distribution of the 
latter for grouping the results. 

After exploiting these datasets the second step is the use of European databases (Biosoil, European Forest 
Inventory) and then, in order to complete the missing information (pixels of the FL1/FL2 incongruences 

mask in which the actual vegetation is still unknown) the use of expert knowledge (subjective 

information). 

Ultimately the conflict is resolved on the basis of the greater likelihood of assignment to a given FC class, 
using the knowledge already known. 

Therefore, the methodology proposed for solving the C2 type conflicts is based on the following steps 
based on spatial rules described below (the shown example is valid for Italy): 

1. The FL1-FL2-eco conflict code has been reclassified on the base of National/Regional/Local 
datasets (map overlay and GIS analysis) 

 



86 

 

 

Figure 5-2: FL1-FL2-eco conflict reclassification 

 

2. Each FL1-FL2_eco combination with used dataset is labeled with the percentage of presence 
(coverage) of that combination for a given class of the dataset on the total possible 
combinations FL1-FL2-eco_dataset-class for that class of dataset. 

 

Table 40 National Dataset Classes (% of coverage) 

 

3. All FL1-FL2-eco_dataset-class  combinations for each combination FL1-FL2_eco  are ordered on 
the base of their coverage 

4. All FL1-FL2-eco_dataset-class combinations compliant with prior knowledge (FL1 classes) and 
with coverage >1% are analyzed. If all combinations are with coverage<1%, we consider that 

with greater coverage 

5. The remaining FL1-FL2-eco_dataset-class combinations are aggregated with the combination 
having the major value 
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Figure 5-3: Aggregation 

 

 

Figure 5-4: Vegetation Info 

 

The same code (FL1FL2ECO) can correspond to different vegetation located (due to the elevation, 
orientation, etc.). 

(I.e. in Italy 40 FL1FL2ECO combinations correspond to 67 different vegetation types 

We complete the missing information (pixels of the FL1-FL2 conflicts mask in which the information 
provided by National/Regional/Local datasets is absent or insufficient) with: 

a. BIOSOIL database and  

b. with expert knowledge (subjective information)  

c. In case that there are difficulties in solving the conflicts with the previous steps we assign to the 
pixel C2 the FUELMAP FuelCode (with the same FL1 code of pixel) and vegetation info having the 
major coverage within the corresponding ecoregion 
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Figure 5-5: Decision Rules (C2) 

5.2.3.1. Results 

The collection of national level information, European datasets and expert knowledge for resolving C2 type 
conflicts and the application of spatial rules on the basis of the above steps, aim is to obtain more 
information on the vegetation for each analyzed FL1-Fl2_eco combination. 

Therefore it is also possible that the same code (FL1FL2ECO) corresponds to different vegetation located 
(maybe due to the elevation, orientation etc). 

Among the results obtained at this stage there is also an attempt to codify the rules in a script. The 
objective of the script is to translate the defined rules for resolving the conflicts into a programming 
language in order to produce a tool useful to obtain the best possible map.  Specifically it is a GRASS GIS 
script coded in Python. Therefore at present it is possible to use a graphic interface useful to upload input 
data and other parameters and an automatic mode to provide useful inputs in two rasters (for example 
raster A with FL1FL2eco combinations and raster B with actual vegetation classes) and to obtain in output 
a third raster with a value equal to that achieved by the concatenation of the first two rasters for each cell. 

However, in order to obtain a product less refined as a map with gaps susceptible of being automated, the 
conflicts resolution followed the following steps: 
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a. to use of information about reforestations according to the Map of the Council and Bohn (UCLM 

reclassification)  

b. to use of a fixed grid of 25 km2 overlapped on the map of ―not specified‖ pixels with the following 
FCs: 

3_228 (Not specified coniferous woodlands) 

3_229 (Not specified broadleaved woodlands) 

3_230 (Not specified mixed woodlands) 

3_231 (Not specified transitional) 

The use of a fixed grid was aimed to identify a minimum spatial unit within which to test the simultaneous 
presence of "not specified" pixels and BIOSOIL or FFocus plots. In this way all useful plot were identified 
and to each of them has been assigned an existent or a new FC on the base of main species within the 

plot.  

Therefore, the information on main species were extracted for the identified plots Biosoil (271 plots) and 
FFocus (242 plots). All 513 plots were assigned to an existent FCs or a new FCs. In particular 2 new FCs 

were added:  Larix decidua woodlands (code: 3_232 ) and Castanea sativa woodlands (code: 3_233 ). 

Ultimately to each of the 513 cells (25 km2) whit the plots were assigned a FC and consequently also to all 
―not specified‖ pixels within these cells have been assigned the corresponding FC. 

All pixels conflicts not solved through this approach were coded with the combination FL1+Ecoregion and 
named as Broad-leaved forests in Alpine North ecoregion, Coniferous forests in Alpine North ecoregion, 
Mixed forests in Alpine North ecoregion, and so on. However, since the percentage of pixel solved over the 
total ―not specified‖ ones with the described approach (using BIOSOIL and FFocus plots) was very low 
(1.4%), it was considered appropriate to apply directly, and for all the conflictive pixels, the combination 
FL1+Ecoregion. We elaborated a table with the most probable species for each FL1+Ecoregion 
combination, including those already found in the FC map in the same FL1+Ecoregion combination, and 

the most probable introduced species as plantations. 

 

 

Non-solved_conflicts
_Codes_and_names.xls

 

Table 41 Conflicts Resolution 

 

Table 42 Non-solved Conflicts Codes and Names 

 

5.2.4. C1 CONFLICTS 

The conflicts type C1 are undefined areas in the first version of FC map (with FC=0). They include the 

areas that did not reached the 0.2% threshold of total WF coverage within each ecoregion. 

These areas cover a total area of 5-6% of WF classes on the entire study area. However the number of 
FL1-FL2_ecoregion combinations is very high and this makes difficult the codification of these areas. 

 

Figure 5-6: Map of C1 conflicts (undefinied areas) (red) 
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The following FL1 classes (pixels) could be classified as follows independently of the ecoregion and what 

we obtained in FL2  

The methodology used for solving  the C1 type conflicts is based on the following steps based on spatial 
rules described below: 

1. Simplify the C1 map reclassifying those pixels with FCs already defined (UCLM reclassification) that are 
common to all ecoregions and independent from FL2 (SPARSELY VEGETATED AREAS, PEAT BOGS, 
WOODED PEAT BOGS, MARSHES, AGROFORESTRY AREAS, BURNT AREAS) 

2. Create two layers/maps from the existing C1 map after step 1). 

a. The first map includes the regions that are less or equal to 10 cells. In this map we apply neighborhood 
analyses. These pixels will take their values from nearest pixels. 

b. The second layer/map includes the larger regions (>10 cells)  
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6. FC MAP VALIDATION 

For the validation task the FUELMAP partners have agreed that the most useful and direct approach is to 
―translate‖ the forest inventory information on the base of FC system.  This approach will help to use 
statistics and might help validate the map in the future. 

As a first step, the information on species were extracted for a large number of inventory plot included in 
Biosoil and FFocus datasets. 

The BIOSOIL_DATA_GVG (which includes columns GVSEP with species codes, and COVER with each 
species cover in %) were used for Biosoil. The species names were decoded (with the associated table 
Ref_Fe_Species). This step allowed to create a new table relating for each plot (in rows) all species present 
(in columns), with tree species and shrubs species, arranged according to their % cover in the plot.  

Forest Focus table (Data_LI_LII_2004) is already arranged as described above. For each plot (row) the  

names of columns (S1, S2, … S199 which include the proportion of trees for each species) were substitute 
with  the species name. The difference between two datasets is that in this case there isn’t information on 

shrubs. 

The total number of plots (GVG and FFocus) is 5345 (Figure 6-1). 

The tables with species information were used to ―translate‖ the inventory plots to FC system, by assigning 
one or more existing FCs to each plot. Therefore 2348 plots (1240 of FFocus and 1108 of BIOSOIL,) on a 

total of  5345 (the 43.9%) were analyzed in order to assign to each plot some possible existing FCs on the 
base of % cover of main species included in the various FCs (tabs. 1 and 2). Then the plots were 
overlapped on the FCs map and, prior to analyze the correspondence between plots and FCs on the map, 
all the plots falling in the FC pixels corresponding to no data, no fuel, no wildland fuel, ―not specified‖ FCs, 
undefined areas in the first version of FC map (with FC code=0), burnt areas (7_X), grass (1_X) and 
shrubs (2_X, but only for FFocus), were excluded from analysis (tabs. 3 and 4). After this step 1554 plots 
remained for validation. Of these 787 were useful to validate the map because for them the FC map code 

corresponds to one of FCs assigned to the plot that falls within that pixel. The remaining 767 plots were 
analyzed individually to verify its compatibility with the corresponding FC of the map: this test was done 
by analyzing within the vegetation info of each plot, the presence of other primary (with % of coverage 

less than seen in the previous step) or secondary species included in the various FCs (the most frequent 
situation is when the species with greater coverage in the plot is a secondary species in the corresponding 
FC on the map, while the main species have a lower percentage of coverage). After this second step 237 
plots on 767 were able to validate the map. Therefore 1024 plots on 1554 were useful to validate the map 

and then 1024 pixels on 1554 were classified correctly, with an overall accuracy of 65.89% (tab. 5 and 
Figure 6-2). 

The analysis involved 50% of total FC (excluding the 14 FCs of herbs and the 2 FCs of burnt areas) (tab. 
6).  

Considering only the five countries of the consortium partners (tab. 7) the overall accuracy achieved was 
of 66.32%, but with quite different results within each country (France 68.5%, Italy 64.5%, Greece 50%, 

Portugal 88%, Spain 54.6%) . 

 

Table 43 Validation tables 
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Figure 6-1: FFocus + BIOSOIL plots (5345 plots) 

 

 

 

Figure 6-2: FFocus + BIOSOIL plots used for validation (1554 plots) Green=plots corresponding to pixels 
classified correctly Red= plots corresponding to pixels not classified correctly 
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7. ANNEX 1 

 

Tables for well-known fuel models 

 

Table I - NFFL, 1982 

    SAV (m-1) Fuel load ratio (0,00-1,00) 

    Min Avg Max Min Avg Max 

Grass Fine fuels 1-hr ( 0-0,6 cm) 4921 7655 11483 0.50 0.74 1.00 

  Medium fuels 10-hr (0,6–2,5 cm) - 358 358 0.00 0.13 0.25 

  Heavy fuels100-hr (2,5–7,6 cm) - 98 98 0.00 0.06 0.13 

  Live Fuels - 4921 4921 0.00 0.06 0.13 

                

Shrubs Fine fuels 1-hr ( 0-0,6 cm) 5741 6124 6562 0.23 0.28 0.31 

  Medium fuels 10-hr (0,6–2,5 cm) 358 358 358 0.14 0.29 0.42 

  Heavy fuels100-hr (2,5–7,6 cm) - 98 98 0.00 0.18 0.33 

  Live Fuels - 4975 5085 0.00 0.24 0.57 

                

Timber Fine fuels 1-hr ( 0-0,6 cm) 6562 7030 8202 0.07 0.12 0.30 

  Medium fuels 10-hr (0,6–2,5 cm) 358 358 358 0.17 0.72 0.93 

  Heavy fuels100-hr (2,5–7,6 cm) 98 98 98 0.00 0.13 0.50 

  Live Fuels - 4921 4921 0.00 0.03 0.17 

                

Slash Fine fuels 1-hr ( 0-0,6 cm) 4921 4921 4921 0.12 0.12 0.13 

  Medium fuels 10-hr (0,6–2,5 cm) 358 358 358 0.39 0.40 0.41 

  Heavy fuels100-hr (2,5–7,6 cm) 98 98 98 0.48 0.48 0.48 

  Live Fuels - - - - - - 

 

Table II - PROMETHEUS, 1998 

    SAV (m-1) Fuel load ratio (0-1.00) 

    Min Avg Max Min Avg Max 

Surface Fuels 

Fine fuels 1-hr ( 0-0.6 cm) 5000 8000 10000 - 0.18 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - 0.37 - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - 0.45 - 

                

Medium height shrubs 

Fine fuels 1-hr ( 0-0.6 cm) 5000 6000 7000 - 0.15 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - - - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - - - 

Live component 5000 6000 7000   0.85   

  
 

  
 

    
 

  

Tall shrubs 

Fine fuels 1-hr ( 0-0.6 cm) 5000 6000 7000 - 0.25 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - - - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - - - 
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Live component 5000 6000 7000   0.75   

                

Tree stand with light 
ground fuels 

Fine fuels 1-hr ( 0-0.6 cm) - 900 - - 0.07 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - 0.23 - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - 0.16 - 

Litter 4000 5000 7000   0.54   

                

Tree stand with medium 
ground fuels 

Fine fuels 1-hr ( 0-0.6 cm) - - - - 0.12 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - 0.09 - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - 0.06 - 

Litter 4000 5000 7000 - 0.22 - 

Live component 5000 6000 7000 - 0.51 - 

                

Tree stand with heavy 
ground fuels 

Fine fuels 1-hr ( 0-0.6 cm) 4000 5000 7000 - 0.20 - 

Medium fuels 10-hr (0.6–2.5 cm) - - - - 0.06 - 

Heavy fuels100-hr (2.5–7.6 cm) - - - - 0.04 - 

Litter 4000 5000 7000 - 0.14 - 

Live component 5000 6000 7000 - 0.56 - 

 

Table III - Scott and Burgan 2005 

  
SAV (m-1) Fuel load ratio (0-1,00) 

  
Min Avg Max Min Avg Max 

Grass 

Fine fuels 1-hr ( 0-0,6 cm) 4921 6084 7218 0.03 0.09 0.25 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.06 0.20 

Heavy fuels 100-hr (2,5–7,6 cm) - - - - - - 

Live Herbaceous 4265 5413 6562 0.75 0.85 0.97 

Live Woody - - - - - - 

    

Grass-Shrubs 

Fine fuels 1-hr ( 0-0,6 cm) 5906 6216 6562 0.09 0.14 0.19 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.05 0.19 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.01 0.01 

Live Herbaceous 5249 5558 5906 0.23 0.30 0.45 

Live Woody 5249 5558 5906 0.38 0.50 0.55 

    

Shrubs 

Fine fuels 1-hr ( 0-0,6 cm) 2461 3359 6562 0.05 0.25 0.50 

Medium fuels 10-hr (0,6–2,5 cm) - - -- 0.13 0.27 0.37 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.05 0.15 

Live Herbaceous - 5906 5906 0.00 0.02 0.10 

Live Woody 4593 5130 5249 0.24 0.41 0.67 

    

Trees (timber-
understory) 

Fine fuels 1-hr ( 0-0,6 cm) 4921 6174 7546 0.05 0.34 0.69 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.00 0.21 0.43 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.00 0.19 0.41 

Live Herbaceous - 5558 5906 0.00 0.03 0.20 
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Live Woody 2461 4320 6562 0.05 0.23 0.34 

    

Trees (timber-litter) 

Fine fuels 1-hr ( 0-0,6 cm) 5906 6404 6562 0.03 0.28 0.70 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.14 0.26 0.40 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.13 0.46 0.83 

Live Herbaceous - - - - - - 

Live Woody - 5249 5249 - - - 

    

Slash 

Fine fuels 1-hr ( 0-0,6 cm) - 6562 6562 0.10 0.31 0.49 

Medium fuels 10-hr (0,6–2,5 cm) - - - 0.19 0.25 0.33 

Heavy fuels 100-hr (2,5–7,6 cm) - - - 0.27 0.44 0.71 

Live Herbaceous - - - - - - 

Live Woody - - - - - - 
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