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1. Introduction
Wildland fires are the most destructive disturbance of the natural lands in the
Mediterranean Basin. Mediterranean landscapes have always been subjected
to fire, thus burning has become part of their dynamic natural equilibrium
(Moreno and Oechel 1994). Recent changes in land-use patterns in the
Mediterranean Basin have implied the reduction or abandonment of traditional
activities, such as extensive grazing or wood harvesting, which resulted in the
increase of the amount of fuel available for burning (Perez et al. 2003).
Wildland fires can become a critical factor in soil degradation processes,
because affects the physico-chemical characteristics of the soil (DeBano et al.
1998), increase surface runoff due to the complete or partial loss of
vegetation, increase the water repellency of the surface layers of the soils,
reduce water infiltration rates, water storage capacity and soil particle
aggregation stability (Inbar et al. 1998). These effects are due to the
destruction of the vegetation cover and litter layer, the creation of a crust of
ash deposits on the soil surface, the development of a hydrophobic layer, the
alteration of soil texture and the changes in soil physical, chemical and
biological properties that are caused by the fires (DeBano 1981). Burning
intensity significantly affects soil erosion processes because it determines the
extent of destruction of the vegetation cover, the depth of heat penetration
and the temperature gradient into the soil during wildland fires. The loss of
plant cover and of litter layer expose the soil to the increased kinetic energy of
raindrops, which in turn favor the runoff production, soil detachment, raindrop
splash and sediment yield (Shakebsky et al. 1993).
Debris flows (commonly called mud- slides, mud flows or debris avalanches)
are shallow landslides, saturated with water, which travel rapidly downslope
as muddy slurries. The flowing mud carries rocks, trees, and other debris as it
pours down the slopes. Debris flows are produced frequently in response to
summer convective thunderstorm activity over drainage basins burned by
wildfire (Cannon 2001). Debris flows pose a hazard distinct from other
sediment-laden flows because of their unique destructive power; debris flows
can occur with little warning and can exert great impulsive loads on objects in
their paths. Even small debris flows can strip vegetation, block drain-age
ways, damage structures, and endanger human life (Cannon et al. 1998).
The objective of this report is to present a methodology for assessing post fire
debris flow potential in a recently burned Mediterranean ecosystem.
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1.1 Factors affecting post fire debris flow generation
Two primary processes for the initiation of fire-related debris flows have been
so far identified: (1) runoff-dominated erosion by surface overland flow; and
(2) infiltration- triggered failure and mobilization of a discrete landslide mass.
The first process is fre- quently documented immediately post-fire and leads
to the generation of debris flows through progressive bulking of storm runoff
with sediment eroded from the hillslopes and channels. As sediment is
incorporated into water, runoff can convert to debris flow. The conversion to
debris flow may be observed at a position within a drainage network that
appears to be controlled by threshold values of upslope contributing area and
its gradient. At these locations, sufficient eroded material has been
incorporated, relative to the volume of contributing surface runoff, to generate
debris flows. Debris flows have also been generated from burned basins in
response to increased runoff by water cascading over a steep, bedrock cliff,
and incorporating material from readily erodible colluvium or channel bed.
Post-fire debris flows have also been generated by infiltration-triggered
landslide failures which then mobilize into debris flows.
According to the post fire debris flow model of Cannon et. al. (2010) the
probability of a post fire debris flow event is mainly depend on fire severity,
slope gradient, geology and rainfall events.
The primary effects of fire on the hydrologic response of a drainage basin
include (1) the removal of soil-mantling vegetation and litter, (2) the deposition
of ash, (3) altering the physical properties of both soil and rock, and (4)
the enhancement, generation, or destruction of water-repellent soils.

1.2 Fire severity
Fire severity refers to the combination of soil and overstory effects caused by
fire (De Santis & Chuvieco, 2007) and is defined as the degree of
environmental change as measured immediately post-fire. Burn severity,
another term used by authors to address the same concept (Chuvieco et al.,
2005; Key, 2005; Parra & Chuvieco, 2005), combines the direct fire impact on
soil, plants and ecosystems responses when the fire is extinguished and
refers to how an ecosystem has changed due to fire (Veraverbeke et al,
2010).
Several techniques have been developed to map burnt surfaces. Some of
these are based on fieldwork measuring several variables like: depth of char,
percentage of tree basal area mortality (Chappell & Agee, 1996), decrease in
plant cover (Jain & Graham, 2004; Rogan & Yool, 2001), volatilization or
transformation of soil components to soluble mineral forms (Wang, 2002;
Turner et al., 1994), proportion of fine branches remaining on the canopy
(Moreno & Oechel, 1989), and degree of canopy consumption and mortality
(Doerr et al., 2006; Key&Benson, 2002), consumption and charring of organic
soil profiles (Charron & Greene, 2002; Johnstone & Chapin, in press;
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Miyanishi & Johnson, 2002). The disadvantages of fieldwork, such as the poor
spatial representation and the required time to carry on the measurements,
which extends from several days to weeks or even months, making
environmental factors, like wind or rain, more likely to affect fire severity
measurements, make it advisable to use alternative methods.
Satellite remote sensing has supplied a suitable alternative to fieldwork
techniques for mapping the extent of burnt areas, and constitutes an important
and useful tool in mapping fire severity. Several authors have developed
methodologies to map burnt surfaces using satellite remote sensing data,
since wavelengths are sensitive in changes of plant physiology, and appear
differences in burnt areas, due to the reduce in chlorophyll content and
vegetation moisture, exposure of the soil and the alteration both aboveground
and underground moisture. Specifically, near-infrared (NIR) reflectance will
decrease in fire damaged areas, while mid-infrared (SWIR) reflectance is
sensitive to alterations in ground exposure and soil color and will increase.
Table 1 Characteristics of some satellite sensors for fire and fire-scar detection
(Fuller, 2000)
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Studies relating to mapping burnt areas, using satellite imagery, results the
following conclusions:
 in the visible spectral range, recent burns tend to be brighter than prefire vegetation;
 this distinction does not occur in the NIR, where the brightness of
recently burnt areas is systematically lower than the pre-existing land
cover types;
 spectral response to fire in MIR is similar with the visible region of the
spectrum;
 NIR is the better region of the spectrum to identify burnt areas;
 MIR is identifying better burnt areas than the visible range, and is less
sensitive to atmospheric disturbances;
 visible range is not adequate enough for effective spectral
discrimination of fire damaged areas, due to spectral similarities
between burnt surfaces and other land cover categories, such as water
bodies, urban areas, shadows etc;
 regarding the last three conclusion, the NIR / MIR bispectral space is
more sufficient to discriminate recently burnt areas than the classical
NIR / visible space
Despite the abundance of satellite data (Table1), Landsat imagery is widely
used to calculate fire severity (Key and Benson, 2006). Moreover there is not
a standard procedure to be applied to remotely sensed data for burn mapping.
Methodologies vary according to the specific characteristics of the case study
(Karteris, 1996). The main methodologies used for mapping burnt areas are
summarized below:
1.
Remotely sensed indices have been widely used to fire severity
analysis. The Normalised Difference Vegetation Index (NDVI) has been
related to field measurements of fire severity and is expressed by the
equation:

where
and
are the reflectance of near infrared (NIR) and RED
bands respectively. The 7/5 ratio of Landsat MSS was used to map burn area
and extract degrees of fire severity (Jakubauskas et al, 1990). Normalized
Burn Ratio (NBR), proposed by Key and Benson (2002) has improved fire
severity analysis comparing to NDVI and is widely used in fire mapping. NBR
is defined as:
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Where ρ4 and ρ7 are the reflectance of band 4 (NIR) and 7 (SWIR) of
Landsat TM respectively. Key and Benson (2002) also suggest the use or the
temporal difference between pre- and post- fire NBR (ΔNBR) values:
This variable has been proposed as an operational index to estimate burn
severity from satellite data. The severity levels of ΔNBR are described on
Table2.
Table 2 Ordinal severity
levels and example range of
ΔNBR (scaled by 103), to the
right
Severity level
ΔNBR range
Enhanced regrowth,
-500 to -251
high
Enhanced regrowth, low
-250 to -101
Unburned
-100 to +99
Low severity
+100 to +269
Moderate-low severity
+270 to +439
Moderate-high severity
+440 to +659
High severity
+660 to +1300
Other vegetation indices applied are Soil Adjusted Vegetation Index (SAVI)
(Rogan and Yool, 2001), Modified SAVI, ration 7/4 and 4/5 of Landsat data
etc. Generally these indices did not perform as consistently as NBR index.
2.
Multivariate transformation techniques have been used for the multitemporal mapping of burn severity. The Kauth – Thomas Tasselled Cap
transformation was first developed for use with Landsat MSS data (Epting et
al, 2005). The new axes are referred to as brightness (TC1), greenness (TC2)
and wetness (TC3).The Tasselled Cap components are sensitive to firerelated changes in the moisture content of soil and vegetation, since TC2 is
related to vegetation, while TC3 emphasizes to mid-infrared bands and is
related to vegetation and moisture conditions.
Principal Components Analysis (PCA) has been extensively applied in remote
sensing studies. PCA is a multivariate technique that reduces multispectral
axes into orthological data components. The second principal component has
been useful for burn severity mapping Rogan and Yool, 2001). Patterson and
Yool (1998), Epting et al, 2005 have compared these two transformation
techniques.
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Spectral Mixture Analysis (SMA) basic assumption is that the spectral
variability found on the satellite image at the pixel level is a the result of the
mixture of smaller components with varying spectral behaviour (Caetano et al,
1994). SMA was considered advantageous over vegetation index-based
methods, due to its improved capability to distinguish burns from other bare or
sparsely vegetated areas (De Santis and Chuvieco, 2007)
3.
Supervised and unsupervised classifications are very common
methods, which have been applied for a wide range of applications. In burn
area mapping supervised classification were employed in a pre- and post-fire
satellite images followed by a comparative evaluation of classification results
(Miller and Yool, 2002, White et al, 1996)
Table 3 cites some of methods used in fire severity and burn area mapping.
Table 3 Methods used in fire severity and burn area mapping
Remotely Sensed Index
TM4
TM7
Normalized Difference Vegetation
Index (NDVI)
Normalized Burn Ratio (NBR)
Soil-adjusted Vegetation Index

Description
Near-infrared band
Mid-infrared band
(TM4 – TM3) / (TM4 +TM3))

(TM4 – TM7) / (TM4 + TM7)
(TM4 – TM3)*(1+L)/(TM4 + TM3 + L),
L:soil adjustment factor 0.5
Ratio 7/5
TM7 / TM5
Ratio 7/4
TM7 / TM4
Ratio 4/5
TM4 / TM5
Principal Components Analysis (PCA) Linear transformation based on
correlation matrix of original six
bands.
Tasselled Cap
Linear transformation contrasting TM
bands 3 and 4 (TC2), TM bands 1-5
and 7 (TC3)

2. Materials and methods
This study was comprised of two phases. First, after the acquisition of the
Landsat TM images, radiometric and geometric correction was performed to
images in order to enhance the quality of the satellite data. In the second
phase, the corrected imagery was used to calculate the two indices of NBR
(
and
), following the estimation of ΔNBR. The
resulting ΔNBR was then used to produce fire severity map. The next step
was to estimate the precipitation and the slope of the study area. The last
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phase was to estimate the post fire debris flow potential using four layers of
data: ΔNBR, Precipitation map, Slope map and Geology Map.

2.1

Study area

The study area is in the Perfecture of Attica, about twenty-five miles northeast of Athens, located in Central Greece. The climate of the area is
characterized with dry period during hot summers and belongs in the semi dry
Mediterranean zone. The more extended forests in Attica are the forests of
Pinus halepensis. There are also, forests of the endemic Greek fir (Abies
cephallonica) and the area is composed by Quercetum ilicis, Crataegus
monogyna, Juniperus oxycedrus and many other endemic plants.

Figure1. Study area

On 21 August 2009 fire began and spread quickly towards the suburbs,
engulfing fourteen towns within the next three days. Thousands of residents
were asked to evacuate the area. Approximately 600 firefighters and soldiers,
twelve fire-fighting aircraft and nine helicopters were deployed to extinguish
the fire.
The fire burned about 21,000 ha of pine forest, olive groves, shrub land and
farm land. Especially, according to European Forest Fire Information System
(EFFIS), the main land cover types, based on CORINE, affected by the fire
are:
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Table 4 CORINE land cover types affected by the fire.
Coverage type
Coniferous forest
Mixed forest
Sclerophyllous vegetation
Shrub forest - Moors and heathland
Natural grasslands
Agricultural areas
Artificial surfaces
Other land cover types

%
3,1
0
25
38,7
1,7
24,3
6,5
0,8

Although the coniferous forests cover only 3,1% of the total burned area, this
estimation is false probably due to the fact that young pines trees are usually
registered as shrubs (WWF Hellas, 2009).
The fire on 21 August 2009 is the worst since 2007, though no casualties
have been reported. The study area is in the south part of the fire, with and
area around 12.567 ha.

2.1

Imagery and ancillary data

Two Landsat 5 Thematic Mapper (TM) images (path 182, row 34)
corresponding to August 18th, 2009 (pre-fire) and September 3rd, 2009 (postfire) were selected for this analysis. In addition, ancillary data were used for
the orthorectification of the images: 1:5.000 black and white orthophotographs
and a 30 DTM of the study area.
Table 5 Characteristics of Landsat 5 (Thematic Mapper) sensor
Platform
Orbit
Inclination
Swath width
Bands

Ground pixel
size
Quantisation
levels

Landsat 5 (Thematic Mapper), launced 1 March
1984
16 days / 705 Km
98.2o
185 Km
1 (0.45-0.52μm)
2 (0.52-0.60μm)
3 (0.63-0.69μm)
4 (0.76-0.90μm)
5 (1.55-1.75μm)
6 (10.4-12.5μm)
7 (2.08-2.35μm)
30m (bands 1-5, 7)
120 m (band 6)
8 bits
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2.1

Images pre-processing

Before processing and analyzing of the Landsat TM imagery, various preprocessing methods must be applied in order to enhance the quality of the
image data, by reducing various radiometric and geometric errors in the
images’ pixels.
2.1.1 Geometric correction
In general, rectification is the process of transforming the data from one grid
system into another grid system using a geometric transformation in order to
find the exact geographical coordinate of the pixel. There are systematic and
non-systematic geometric errors present in satellite data because of the earth
rotation, platform velocity, mirror-scan velocity, panoramic distortion, position
and attitude angles of the satellite platform, perspective and earth rotation
(Mather, 1999), resulting the false coordinates of the pixels and the distortion
of the images.
Geometric correction refers to the process of assigning map coordinates to
image data. The image data may already be projected onto the desired plane,
but not yet referenced to the proper coordinate system. To complete the
geometric correction, the original image must be resampled in the new
coordinate system.
Orthorectification is a form of rectification that corrects for terrain displacement
and can be used if there is a DEM of the study area. It is based on collinearity
equations, which can be derived by using 3D Ground Control Points (GCPs are specific pixels in an image for which the output map coordinates are
known). The main advantages is that orthorectification models the surface of
the earth, the position and the viewing angle of the sensor making it more
accurate for images that include mountainous areas and have large scale;
also requires smaller number of control points than other methods.
For the orthorectification of the Landsat images the 1:5.000 B&W
orthophotographs, with Greek grid, and the 30m DTM were used. They were
identified 117 common control points (GCP) in both the Landsat images and
the B&W orthophotographs, and the transformation matrix was created. Since
it was the same area in the Landsat images, the same GCP were used for the
orthorectification.
The accuracy of the images’ orthorectification was evaluated with the RMS
error. RMS error is the distance between the input (source) location of a GCP
and the retransformed location for the same GCP. In other words, it is the
difference between the desired output coordinate for a GCP and the actual
output coordinate for the same point, when the point is transformed with the
geometric transformation.
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In Table 6 we can see that the total RMS error is almost half a pixel.
Table 6 RMS error for X, Y axes and total RMS error of the
orthorectification.

Pre-fire
image
Post-fire
image

GCPs

X RMS error
(m)

Y RMS error
(m)

Total RMS error
(m)

83

13,16

13,59

18,92

83

12,78

13,12

18,33

The last step in orthorectification is the creation of the output file, by
resampling the pixels in order to calculate the new data file values for the
output file. The resampling method we used for our datasets was nearest
neighbor. This method uses the value of the closest pixel to assign to the
output pixel value and the advantage of this method is that it transfers the
original data values without averaging them like other methods do, as a
results not to lose the extremes and subtleties of the data values. Furthermore
is the easiest of the three methods to compute and the fastest to use.
2.1.1 Radiometric correction
The radiance measured by satellite sensors is also influenced by factors such
as changes in scene illumination, atmospheric and solar conditions,
wavelength interval, instrument response characteristics, viewing geometry,
variation in altitude, sensor’s “noise”, attitude and velocity of the sensor
platform and Earth curvature (Karteris, 2004). Radiometric correction applies
methods to correct the above errors of the satellite data.
In radiometric correction the Digital Numbers – DN (pixels’ brightness values)
are reassigned by subtracting the noise and the various possible
deformations. The noise in the two acquired Landsat images is mainly due to
the atmospheric effects like molecular and aerosol scattering and absorption
by gases, such as water vapor, ozone,oxygen and aerosols.
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Table 7. Statistics info of the bands for the acquired Landsat images.

Band
1
2
3
4
5
6
7

Pre-fire image
Minimum
Mean value
value
63
85.3
20
39.7
13
44.57
8
60.07
2
80.99
130
147.09
1
40.00

Band
1
2
3
4
5
6
7

Post-fire image
Mean value
Minimum
value
83.93
62
37.74
19
42.21
12
51.39
8
75.17
2
148.82
129
40.36
1

Since the objective of the current research is not the comparison between
different satellite systems or the correlation between the recorded reflectance
and environmental parameters nor a multitemporal dataset analysis, a
detailed radiometric correction is not required (Richards, 1986; Chavez,
1988). So a general atmospheric correction method was preferred and applied
to both images.
Dark object subtraction (DOS) is the most widely used atmospheric correction
approach for classification and change detection applications (Song et al,
2001). This approach is based on the minimum DN values of the entire scene.
In both images there were, into the sea, pixels with high DN values. These
values were subtracted from all the pixels in each band (Chavez, 1989). The
subtracted value is such that the minimum DN value of the radiometrically
corrected image is equal to 1 for each band (Table 1, 2). If for example in a
Landsat band the minimum DN value of the original image is 63, then a value
of 62 will be subtracted from every pixel in that band (Richards, 1986).
The result of the atmospheric correction for the first two bands for both pre-fire
Original image

Pre-fire image
Radiometrically corrected image

TM1
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TM2

Original image

Post-fire image
Radiometrically corrected image

TM1

TM2

Figure 2. Histograms of Landsat TM bands 1 and 2. On the left the original satellite data
and on the right the radiometrically corrected data.

2.1

Fire severity estimation

In order to create the NBR indices for the pre- and post-fire images a model
was developed using the Model Maker tool of Leica Erdas Imagine 9.2. The
model linked band 4 and band 7 of the Landsat TM images and calculated the
NBRPRE-FIRE and NBRPOST-FIRE. The results are:
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Figure. 3 The Normalized Burn Ratio (NBR) for the pre-fire Landsat TM image
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Figure 4. The Normalized Burn Ratio (NBR) for the post-fire Landsat TM image

LIFE11 ENV GR 975
FLIRE: Floods and fIre Risk assessment and management

The next step to estimate the ΔNBR is to subtract the above data. The
calculated levels of fire severity are described at Table 8.

Figure. 5 The fire severity levels of ΔNBR for the Landsat TM images

Figure 5 shows the fire severity map obtained from the ΔNBR applied to the
images of Landsat TM.
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According to the map of the ΔNBR in Figure 5 the total burn area was
17.349,21 ha. The percentages of fire severity levels for the total burned area
are shown in Table 8.
Table 8 Percentages of fire severity levels for the total burned area
Levels of fire severity
Enhanced regrowth, low
Unburned
Low severity
Moderate-low severity
Moderate-high severity
High severity

Area (ha)
3,640465
1750,287
2525,521
4743,538
6311,991
2013,678

Percentage
0,02%
10,09%
14,56%
27,34%
36,38%
11,61%

The final step was to create the map of ΔNBR for the area of interest (Figure 6).
The total burned area in our study area is about 3.334 ha (26.33% of the total
study area). The percentages of fire severity levels for the burned area in study
are on Table 9, while the percentage of the burned area compared to the total
area are on Table 10.
Table 9 Levels of severity for the burned area in the study area
Levels of fire severity
Unburned
Low severity
Moderate-low severity
Moderate-high severity
High severity

Area (ha)
244,21
612,445
1354,81
1041,04
91,34

Percentage
7,32 %
18,36 %
40,64 %
31,23 %
2,45 %

Table 10 Percentage of the burned area compared to the total area
Levels of fire severity
Unburned
Low severity
Moderate-low severity
Moderate-high severity
High severity

Percentage (compared to total area)
1,93%
4,84%
10,70%
8,22%
0,64%
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Figure 6 Levels of fire severity for the area of interest
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2.4 Precipitation map
The rainfall events observed by the Hydrological Observatory of Athens within
the Greater Athens Area from 2006 to 2012 were used (Table 11). A rainfall
event is defined when:
 Begins when more than 0.4mm of rainfall are observed by at least two
stations within a 10 min period.
 Ends when no station records more than 0.2mm of rainfall for at least 2
hours.
Table 11 Average annual amount of precipitation from the
meteorological station used in the study and their altitude (2006-2012)
Average annual amount of
Station
Altitude (m)
precipitation (mm)
Ano Liosia
356.97
182
Galatsi
312.14
176
Elliniko
277.02
6
Zografou
385.4
181
Ilioupoli
354.2
206
Menidi
400.73
210
Penteli
464.49
729
Pikermi
353.74
133
A precipitation map was generated to estimate the rainfall data and its spatial
distribution in the study area. The spatial distribution of rainfall is determined
by many factors, the most crucial of them is the altitude of the area. The
correlation of rainfall and altitude was examined using a scatter diagram,
which is a tool for analyzing relationships be
tween two variables. The average annual amount of precipitation data,
derived from the above rainfall events, and the altitude of the stations located
into and around the study area, were employed as inputs in the scatter plot.
The variable of altitude (m) is plotted on the horizontal axis and the variable of
rainfall (mm) is plotted on the vertical axis. The pattern of their points
graphically shows relationship patterns between these two variables (Figure
7).
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Figure 7 Correlation of average annual amount of rainfall and altitude data for the
period 2006-2012

The mathematical equation describing the relation between the variables has
the form:

where P is the average annual amount of precipitation data in mm, h is the
altitude, α expresses the variation of the rainfall with increasing altitude, and b
is the rainfall in 0m altitude. The independent variable is the absolute altitude
of the meteorological stations and the dependent variable is the average
annual rainfall. The accuracy/reliability of the equation is estimated using the
coefficient of determination (R2) by applying the method of least squares, and
is considered satisfactory if R2 > 0,7.
The equation for the data of the study is:

with R2=0,733.
It is noted that the precipitation in the diagram is positive, meaning that
increasing altitude results in the increase of the rainfall. The result was to
generate the Precipitation Map (Fig.8). The minimum value is 311,1 mm and
the maximum value is 526,87 mm
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Figure 8. Precipitation map of the study area

2.5 Slope map
Interpolation is a procedure used to predict the values of cells at locations that
lack sampled points. It is based on the principle of spatial autocorrelation or
spatial dependence, which measures degree of relationship/dependence
between near and distant objects and it was used to generate the slope map.
The slope map (Fig. 9) was created using the 5m Digital Elevation Model.
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Figure 9. Slope map

2.6 Geology map
The geology map for the study area is shown in Figure 10

Figure 10. Geology map
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2.7 Post fire debris flow potential estimation
In order to map the post fire debris flow potential, four layers of information
were used:
 Fire severity map
 Precipitation map
 Slope map
 Geology map.
Reclassification of the above layers was performed and they were categorized
into four distinct risk/hazard levels. Simultaneously the information levels were
transformed from vector to raster in order to analyze their spatial data.
The risk/hazard levels for fire severity in the study area were assigned to the
following categories:

Table 12. Risk/hazard levels of fire severity
Fire severity
Risk class
1
Undurned – low severity
LOW
2
Moderate-low severity
MODERATE
3
Moderate-high severity
HIGH
4
High severity
VERY HIGH
Similarly for the rest data layers the risk/hazard levels are:
Table 13. Risk/hazard levels of precipitation data
Precipitation (%)
Risk class
1
< 350
LOW
2
351 – 400
MODERATE
3
401 – 450
HIGH
4
> 451
VERY HIGH
Table 14 Risk/hazard levels of slope data
Slope (%)
1
0 – 15
2
16 – 30
3
30 – 45
4
> 45

Risk class
LOW
MODERATE
HIGH
VERY HIGH

Table 5 Risk/hazard levels of geology data
Geology
1
C
2
I1
3
I2
4
A1+A2

Risk class
LOW
MODERATE
HIGH
VERY HIGH
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Risk classes in geology map were extracted by using the erodibility and water
repellency properties of the geology types found in the area as they are
classified in soils and lithological national maps of the Ministry of Environment
and Climatic Change (YPEKA).

3. Results
The risk classes of the above layers are respectively:

Figure 11. Risk classes of fire severity
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Figure 12 Risk classes of precipitation

Figure 13 Risk classes of slope
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Figure 14. Risk classes of geology

The layer overlay of the above data, results in the final map of post fire debris
flow potential. From the above variables, the fire severity is emphasized,
because it is closely related to the vegetation destruction from fires, affecting
deeply the post fire behavior of the drainage basin.
The equation which estimates the post fire debris flow potential is given
below:
Post fire debris flow potential = 10*fire severity + 5*slope map +
3*geology map + 2* precipitation map
Figure 15 shows the map of post fire debris flow potential for the studied area.
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Figure 15. Post fire debris flow potential map

4. Conclusions
Fire is a natural and important part of the disturbance regime for forested
terrestrial and aquatic systems. Fire effects on hydrological processes and
land degradation on a drainage basin or watershed level are related to the
effects of ground and vegetation cover destroyed by fire. Wildfire can have
profound effects on a drainage basin through the consumption of the rainfallintercepting canopy and the soil-mantling litter and duff and through the
formation of water-repellent soils. These changes can result in decreased
rainfall infiltration into the soil and, subsequently, a significant increase in
overland flow and runoff in channels.
From post fire debris flow potential map it has become possible the spatial
distribution of debris flow hazard. The method developed here will be useful
both in pre-fire planning and post-fire response. Application of the method
before the occurrence of wildfires can be used to identify sensitive basins and
thus serve to direct protection efforts during a fire incident. Post-fire, these
LIFE11 ENV GR 975
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maps can be used not only to guide and prioritize post-fire data collection and
field mitigation efforts, but also to make effective and appropriate mitigation
decisions. Especially in Mediterranean and submediterranean conditions
where severe wildfires occur mainly in summer and torrential rainfall events in
autumn, management activities including technical and agrotechnical works
and conservation measures, such as herbaceous seedlings, may contribute to
prevent debris flow genesis in the first vegetation regeneration phase after the
fire.
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