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ABSTRACT: Fire severity is recognized as a key factor in explaining post-fire soil erosion. However, the relationship between soil
burn severity and soil loss has not been fully established until now. Sediment availability may also affect the extent of post-fire soil
erosion. The objective of this study was to determine whether soil burn severity, estimated by an operational classification system
based on visual indicators, can significantly explain soil loss in the first year after wildfire in shrubland and other areas affected by
crown fires in northwest (NW) Spain. An additional aim was to establish indicators of sediment availability for use as explanatory
variables for post-fire soil loss. For these purposes, we measured hillslope-scale sediment production rates and site characteristics
during the first year after wildfire in 15 experimental sites using 65 plots. Sediment yields varied from 0.2 Mg ha1 to 50.1 Mg ha1
and soil burn severity ranged from low (1.8) to very high (4.5) in the study period. A model that included soil burn severity, annual
precipitation and a land use factor (as a surrogate for sediment availability) as explanatory variables reasonably explained the
erosion losses measured during the first year after fire. Model validation confirmed the usefulness of this empirical model. The
proposed empirical model could be used by forest managers to help evaluate erosion risks and to plan post-fire stabilization
activities. Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction
Post-fire soil erosion is of major concern because of the potential
effects on soil and water resources. High severity wildfire usually
increases soil erosion rates through the destruction of vegetation
and ground cover, which exposes the mineral soil to raindrop
impact and alters the soil structure by affecting bulk density
and total porosity, thus reducing infiltration and promoting
overland flow (De Bano et al., 1998; Shakesby and Doerr,
2006; Novara et al., 2011; Novara et al., 2013; Keesstra et al.,
2014; Tessler et al., 2015). Moderate to high severity burning
of soils reduces aggregate stability through combustion of soil
organic matter binding agents (Mataix-Solera et al., 2011; Pereira
et al., 2014). Alteration or creation of hydrophobic and a hyperdry soil conditions during soil heating may also contribute to soil
loss (De Bano, 1981; Keizer et al., 2008; Bodí et al., 2011;
Moody and Ebel, 2012; León et al., 2013; Williams et al.,
2014). Moreover, soil burn severity has a strong impact on soil
biota, being also the key of soil recovery (Guénon et al., 2013;
Vega et al., 2013b; Guénon and Gros, 2015; Hedo et al., 2015;
Wang et al., 2015).
As a descriptor of the magnitude of the changes that occur in
the soil, fire severity is recognized as a decisive factor in ecologically based fire management. Moreover, fire severity is a crucial
factor controlling post-fire soil erosion rates (Benavides-Solorio

and MacDonald, 2005; Vega et al., 2005; Cawson et al.,
2013). In a recent meta-analysis based on rainfall simulations
in burned soils, Vieira et al. (2015) highlighted the importance
of soil burn severity in explaining post-fire soil loss and pointed
out the inconsistencies between existing methods of fire severity
classification. The type of ashes remaining after fire has been
used as a soil burn severity indicator due to its relationship with
soil physical properties (Bodí et al., 2011; León et al., 2013;
Pereira et al., 2013; Pereira et al., 2014). Although some research
has been devoted to the quantification of soil burn severity
(Guerrero et al., 2007; Arcenegui et al., 2008; Neris et al.,
2014), consistent and objective quantification of soil burn severity remains elusive (Moody et al., 2013; Morgan et al., 2014),
and direct links between fire severity proxies and soil erosion
are not well established (Shakesby and Doerr, 2006; Moody
et al., 2013). Vega et al. (2013b) proposed a soil burn severity
classification based on visual indicators that accurately reflected
changes in some soil properties. This classification is currently
being used as an operational tool to prioritize emergency stabilization of areas after fire in northwest (NW) Spain (Vega et al.,
2013a). Nonetheless, it is worthwhile exploring whether these
simple visual indicators of fire severity are useful predictors of
post-fire soil erosion in areas prone to high soil losses due to
the combination of absence of vegetation cover (areas where
vegetation cover has been eliminated such as burned shrubland
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or forest stands affected by crown fires), pronounced erodibility
of burned soils, steep terrain and high levels of precipitation. In
fact, the highest post-fire erosion rates in Spain occur in the
NW (Cerdá, 1998; Lasanta and Cerdà, 2005; Vega et al., 2005;
Fernández et al., 2011; Vega et al., 2015).
Soil characteristics associated with past fire activity or/and
agricultural and forestry management can also play a significant role in post-wildfire soil loss through increments in soil
erodibility or as a result of sediment exhaustion. In areas such
as NW Spain where there is a long history of intensive land
use, this factor may be critical for explaining soil loss. Post-fire
soil erosion may be also limited in shallow and stony soils
(Shakesby, 2011). Indeed, Moody et al. (2013) highlighted the
need to increase our understanding of the role played by soil
depth, in combination with other variables, for explaining the
hydrological response of burned soils.
Several existing models can be used to predict soil erosion.
Empirically based models such as the universal soil loss equation (USLE) (Wischmeier and Smith, 1978) and its revised
version RUSLE (Renard et al., 1997) are useful for estimating
soil erosion on an annual basis and are frequently used as
operational tools (Miller et al., 2003; Myronidis et al., 2010;
Rulli et al., 2013). These are potentially feasible management
tools as they require less field data than other more complex
models. However, the performance of such models in relation
to burned forest soils has yielded questionable results (Larsen
and MacDonald, 2007; Fernández et al., 2010). Physicallybased models such as the water erosion prediction project
(WEPP) (Nearing et al., 1989) and the European soil erosion
model (EUROSEM) (Morgan et al., 1998) have increased our
knowledge of the underlying mechanisms involved in the
erosive processes. They can simulate the effects of vegetation
and other soil properties on erosion in individual storms, but
are often too demanding as regards inputs to be used as
operational tools.
In summary, classification of soil burn severity is crucial for the
quantification of post-fire erosion and for planning post-fire
mitigation activities (Morgan et al., 2014); however, the lag
between theoretical development and application in current
models has not been satisfactorily addressed. Indeed, the need
to include fire severity in predictive erosion models is a current
research priority worldwide (Moody et al., 2013) along with an
accurate quantification in the field (Pérez-Cabello et al., 2012).
From the perspective of land management, these models must
be as simple as possible for use as operational tools for planning
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post-fire mitigation activities. In NW Spain, most soil erosion
occurs during the first year after fire as a result of climatic conditions and the rapid regrowth of vegetation (Fernández et al.,
2011; Vega et al., 2015). It is therefore essential to develop
predictive tools that focus on this period.
The main objective of this study was to determine whether
soil burn severity, estimated through an operational classification system based on visual indicators, is significantly related
with soil loss in the first year after wildfire in shrubland and
other areas affected by crown fires in NW Spain. An additional aim was to determine whether indicators of sediment
availability can also be used as explanatory variables for
post-fire soil losses.

Materials and Methods
Study sites and field measurements
The study was carried out in 10 burned areas in NW Spain
(Figure 1) where 65 experimental plots were installed in 15
different study sites (Table I). The burned areas were pine
(Pinus pinaster Ait.) and eucalypt (Eucalyptus globulus Labill.)
stands affected by crown fires and shrubland areas in which
most of the aboveground portions had been combusted and
only partially charred stalks remained.
The bedrock is predominantly granite (Table I). Soils were
poorly developed (< 0.75 m deep), as is typical in shrubland
and forested areas, and most were of sandy-loam texture (Table I).
The soils are classified as Alumi-umbric Leptosols or Alumiumbric Regosols (FAO, 1998).
Experimental plots (each 20 m × 4 m) were installed in burned
areas immediately after wildfire. Sediment fences, made from a
geotextile fabric similar to that described by Robichaud and
Brown (2002), were located in the downhill portions of the plots
for periodic collection of sediment. The uphill edges of the plots
were trenched to avoid external inputs from runoff or erosion.
Soil burn severity was assessed with the aid of a 30 cm × 30 cm
quadrat, which was placed at 30 systematically selected points
along two transects parallel to the longest dimension of each plot.
The soil in each quadrat was classified using a modification of
the soil burn severity index proposed by Vega et al. (2013b) and
a numerical value was assigned as follows: 0, unburnt soil; 1, burnt
litter layer (Oi layer) but limited duff (Oe + Oa layers) consumption;
2, Oa layer totally charred and covering mineral soil, possibly

Location of study sites.
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36 (27–43)
40 (39–45)
35 (29–39)
36 (30–48)
43 (42–45)
28 (25–34)
48 (42–53)
50 (48–52)
46 (41–49)
45 (43–48)
35 (30–39)
31 (28–35)
31 (30–32)
23 (20–27)
33 (25–40)

0.40 (0.36–0.46)
0.63 (0.59–0.69)
0.28 (0.26–0.33)
0.29 (0.28–0.30)
0.28 (0.26–0.30)
0.25 (0.22–0.28)
0.31 (0.21–0.50)
0.30 (0.26–0.33)
0.34 (0.27–0.43)
0.27 (0.23–0.31)
0.38 (0.35–0.43)
0.41 (0.36–0.45)
0.42 (0.39–0.45)
0.22 (0.20–0.25)
0.50 (0.45–0.56)

3.3 (1.0–5.3)
1.0 (0.3–2.5)
5.0 (4.0–6.0)
33.2 (30.2–37.2)
17.5 (2.3–26.7)
27.7 (15.4–44.5)
15.8 (2.6–33.6)
7.7 (3.0–10.0)
7.9 (4.1–14.3)
7.7 (5.7–10.0)
14.0 (9.4–16.8)
12.0 (5.2–15.5)
15.5 (15.0–16.0)
4.0 (3.5–4.5)
3.0 (2.0–5.7)

3.8 (3.4–4.2)
4.0 (3.5–4.4)
4.5 (4.4–4.7)
2.7 (2.6–2.8)
2.9 (2.8–3.0)
2.8 (2.7–2.9)
3.9 (3.7–4.2)
3.2 (3.1–3.5)
3.9 (3.6–4.2)
3.4 (3.1–3.7)
2.3 (2.2–2.4)
1.8 (1.3–2.2)
2.0 (1.8–2.1)
1.9 (1.8–2.2)
2.0 (1.8–2.2)

3
3
2
2
2
2
3
1
3
1–2
1
2
2
1
2

some ash deposition; 3, soil organic layer (Oi + Oe + Oa) completely consumed (bare soil) but soil organic matter not consumed and surface soil intact, some ash deposition; 4, soil
organic layer completely consumed, soil organic matter in the
Ah horizon partially consumed and soil structure altered within
a soil thickness less than 1 cm, noticeable ash deposition; 5, as
4, but with the thickness of affected soil equal to or more than
1 cm; and 6, as 4 or 5 and colour altered (reddish). Duff depth,
when present, was measured at four points inside the
30 cm × 30 cm quadrats. The mean value of the soil burn severity indicator was computed for each plot as the average of the
soil severity numerical levels observed weighted by the percentage presence of the above soil burn severity levels in the
transects.
Remnant vegetation linear cover was measured along the
earlier-mentioned transects. Percentage cover by rock fragments
larger than 2 cm was measured simultaneously at 10 points in
the transects with the aid of a 1 m2 quadrat. Vegetation sampling
was repeated every six months. Soil depth was measured with a
metal bar at 20 randomly selected points close to each plot.
At each study site, the amount and intensity of rainfall were
measured by a recording rain gauge positioned 1.20 m aboveground. The rainfall erosivity factor (Wischmeier and Smith,
1978) was also calculated (Table II).

Statistical analysis

Shrubland
Shrubland
Shrubland
Pine stand
Pine stand
Pine stand
Pine stand/Shrubland
Pine stand
Shrubland
Shrubland
Shrubland
Pine stand/Shrubland
Shrubland
Eucalypt stand
Pine stand

480
500
450
125
250
325
250
550
400
350
530
300
225
90
550

A regression tree (Quiang, 2010) was used to explore the
following as explanatory variables for annual soil erosion: soil
burn severity, rainfall parameters (annual precipitation, rainfall erosivity factor, mean and maximum rainfall intensity,
mean maximum rainfall intensity in 30 minutes and mean
and maximum rainfall intensity in 10 minutes), plot characteristics (soil depth, stoniness and slope percentage), vegetation
cover and a land use factor.
The land use factor was considered as a dummy variable,
with three levels, in accordance with the Galician Forest
Service:
i Young pine plantations (> six years). Previous agricultural
lands, abandoned 30 years previously. Activities include
soil ripping, grading and tilling. Shrubland areas burned in
the last five years.
ii Shrubland areas not burned in the previous five years.
Forest stands logged in the previous five years.
iii Pine or eucalypt stands (old growth and pole size trees).
Well developed litter and duff layers were present in both
cases. Shrubland areas not burned for more than 10 years
and with a conspicuous soil organic layer.

2377
672
325
90
534
125
95
300
Carnota (2013)
Negreira (2013)
Ribasieira (2013)
Saviñao (2012)
Muros (2007)
Pontevedra (2006)
Pontevedra (2006)
Verín (2003)

1

1824
Oia-O Rosal (2013)

Copyright © 2015 John Wiley & Sons, Ltd.

Note: The range of variation is shown in brackets.

Rebordelo/5
Outeiro Vello/5
Costa Xandra/5
Cova Lobo/3
Villeiras/3
Verduriña/3
Acevedo/5
Pindo/5
Lueiro/5
Xufres/5
Estrumil/4
Freixo/6
Coirego/2
Sino/4
Queirugas/5
Granite/sandy-loam
Granite/sandy-loam
Granite/sandy-loam
Schist/sandy-loam
Schist/sandy-loam
Schist/sandy-loam
Granite/sandy-loam
Granite/sandy-loam
Granite/loamy sand
Granite/sandy-loam
Schist/loamy
Granite/sandy-loam
Granite/sandy-loam
Granite/sandy-loam
Schist/sandy-loam
707
Ponte-Caldelas (2013)

Area (ha) Substrate/soil texture Study site/number of plots
Wildfire (Date)

Table I.

Main characteristics of the study sites

Vegetation type

Elevation (m) Mean slope (%)

Soil depth (m)

Stoniness (%)

Mean soil burn severity Land use factor

930

Soil burn severity, annual precipitation and the land use
factor were selected by the regression tree and a non-linear
mixed effects model was used to explore their influence on
annual soil erosion. Experimental site and plot within each
site were considered as random factors in the model. The
variance of the error was modelled as a power function of
the independent variables.
All statistical analyses were carried out using the R statistical
package (Core Team Development, 2014).
The model was validated using the cumulative values
(n = 32) of soil losses measured in the first year following fire
in previous studies carried out in NW Spain (Fernández et al.,
2011; Fernández and Vega, 2014; Vega et al., 2014; Vega
et al., 2015; Fernández and Vega, 2016). The following criteria
were used to test the accuracy and precision of estimates made
with the model.
Earth Surf. Process. Landforms, Vol. 41, 928–935 (2016)
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Mean rainfall parameters during the first year after fire

Wildfire
Ponte-Caldelas
Oia-O Rosal
Carnota
Negreira
Ribasieira
Saviñao
Muros
Pontevedra (Coirego)
Pontevedra (Sino)
Verín

Precipitation (mm)/
precipitation in first
six months (% annual)

Mean rainfall
1
intensity (mm h )

2165–3187/66–74
2224–2696/66–74
1280/69
1866/59
2328/70
900/72
2002/70
2408/77
2315/75
674/73

Mean maximum
rainfall intensity in
1
30 minutes (mm h )

2.5–2.7
2.8–3.4
2.3
1.9
2.7
2.0
2.4
3.0
3.3
1.6

4.2–4.8
4.7–5.4
3.5
3.9
5.1
2.9
4.5
5.0
5.6
2.7

Mean maximum
rainfall intensity in
1
1 1
1
10 minutes (mm h ) R (MJ mm ha h year )
7.5–8.4
8.1–9.3
6.3
6.5
9.7
4.7
8.0
8.5
9.0
5.2

2978–5370
3256–5250
1255
2998
4210
420
3126
3142
4420
214

ðO i  P i Þ2
n
Coefficient of determination, R 2 ¼ 1  i¼1 
2 .
n Oi  ̅
O
∑
n1
i¼1
n

∑

n

Coefficient of efficiency, E ¼ 1 

∑ ðO i  P i Þ2

i¼1
n 

∑ Oi  ̅
O

2 .

i¼1

∑ni¼1 ðO i  P i Þ2

 
2 .

∑ni¼1 P i  ̅
O  þ O i  ̅
O
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
∑ni¼1 ðO i  P i Þ2
The root mean squared error, RMSE ¼
.
n

Index of agreement, d ¼ 1 

Mean absolute error, MAE ¼ 1n ∑ni¼1 jO i  P i j.
Model bias ¼ 1n ∑ni¼1 ðO i  P i Þ.
O is
where Oi is the measured data, Pi is the predicted data, ̅
the mean value of measured data.

Figure 2. Mean value of the soil burn severity index and mean sediment yield for the first post-fire year in each study site.

Table III. Selection of the soil burn severity model using the Akaike
Information Criterion (AIC)

Results
Post-fire soil loss
Total precipitation was close to the median values for the area
in only two of the study sites (Saviñao and Negreira); it was
below the median in Verín and higher than the median in the
other seven sites. On average, 70% of annual precipitation
was collected in the first six months after fire (Table II). The
values of the rainfall erosivity factor were close to the mean
value for the area in most cases, except in Oia and PonteCaldelas, in which it was above the mean value, and in Pindo
where it was below the mean value.
First year mean post-fire soil losses varied greatly, from the
0.2 Mg ha1 for the Muros site to the 50.1 Mg ha1 for the
Ponte-Caldelas III site (Figure 2). The mean soil burn severity
ranged from 1.8 to 4.5 (Table I), shrublands being the vegetation type with the highest average severity of burn. The erosion
rates in the study sites were low when soil burn severity was
lower than 3.0 and increased sharply when the soil burn severity index was 3.8 or higher (Figure 2).
Most of the study sites were included in class 2 for the land
use factor, reflecting a past history of soil perturbation or
forestry activities typical of the area.
The non-linear mixed regression analysis revealed that in the
first year after fire, the best model to explain soil loss (Table III)
included soil burn severity index, annual precipitation and the
land use factor, as follows:
Copyright © 2015 John Wiley & Sons, Ltd.

Model
1
2
3

Variables

AIC

Soil burn severity
Soil burn severity + annual precipitation
Soil burn severity + annual precipitation
+ land use factor

463.92
439.47
389.71

SE ¼ a * eðb SBSIÞ * P * LU
residual standard error = 2.16.
where SE is the soil erosion in the first year after fire (in Mg
ha1 yr.1); SBSI is the soil burn severity index value; P the
annual precipitation (in millimetres); LU the land use factor;
a = 0.0004 (standard error = 0.0001); b = 0.7284 (standard
error = 0.0585).
The results showed a reasonably good agreement between
observed and predicted values (Figure 3). The model accuracy
criteria are shown in Table IV. Validation statistics were similar
to those obtained for model calibration (Table IV) although a
tendency towards overestimation of the values was detected,
particularly for the higher values of sediment yields (Figure 4).

Discussion
The proposed model significantly relates the degree of soil burn
severity, estimated by visual indicators, to soil erosion during
Earth Surf. Process. Landforms, Vol. 41, 928–935 (2016)
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Figure 3. Predicted versus observed sediment production values for
the model data set.

the first year after wildfire in NW of Spain, in shrubland areas
and forest stands burned by crown fire. The erosion risk after
fire is particularly high in these areas as protection from needle
cast or other vegetation residues (Cerdà and Doerr, 2008) is not
expected to occur. Although in this study the areas burned at
higher soil burn severity were mostly shrublands, a direct relationship between vegetation type and soil burn severity can not
be established.
This is the first model that quantitatively relates soil burn
severity and soil erosion by using the same soil burn severity
indicator for all sites. In a meta-analysis of post-fire rainfall
simulation experiments, Vieira et al. (2015) found that soil
erodibility and soil burn severity were related. However, they
could not use the same soil burn severity indicators because
the data were obtained from different sources. These authors
also pointed out the need to develop common indicators of soil
burn severity. Notario del Pino and Ruiz-Gallardo (2015) found
that fire severity was the main factor explaining soil erosion risk
after fire in south-eastern Spain. However, their estimations of
fire severity were based on the degree of vegetation consumption rather than the level of soil alteration immediately after fire.
Moreover, the degree of soil erosion was estimated several
years after fire.
Previous studies relating fire severity and soil erosion measured
in field plots focused on the percentage of bare soil as a surrogate
for soil burn severity (Benavides-Solorio and MacDonald, 2005;
Vega et al., 2005; Cawson et al., 2013). This variable is indeed
useful in semi-desertic areas or under scenarios of low precipitation and sparse vegetation, in areas with no well developed
soil organic cover and with low soil organic matter content.
However, in NW Spain the structure of the bare soil is often maintained because of the network of rootlets existing as a result of the
continuous vegetation cover and the high carbon content of
mineral soil (provided the soil organic matter content has not

Table IV.

Figure 4. Predicted versus observed sediment production values for
the validation data set.

been notably affected). The visual indicators proposed here take
into account the role of the remaining soil organic cover plus
alterations in two soil properties directly related to the soil erosion
potential (water repellency and soil aggregate stability). For soil
burn severity levels higher than 4, marked decreases have been
observed in soil aggregate stability (Vega et al., 2015) and the
occurrence of soil water repellency in the subsurface soil layers
(Fernández et al., 2013).
The low sediment yield observed in the plots in which the
soil burn severity level was below 3 (indicating bare soil)
confirms the protective role of the remaining organic cover
in controlling soil erosion after fire (Benavides-Solorio and
MacDonald, 2005; Vega et al., 2005; Fernández et al.,
2008; Zavala et al., 2009). The presence of soil organic layer
can drastically reduce detachment of soil particles by splash
erosion. The presence of this layer can also favour water
infiltration into the mineral soil, thus reducing overland flow
and also acting as an effective zone for detention of water
(Martin et al., 2011).
Despite the rough approach used to reflect previous land use
as a surrogate for sediment availability, this factor was also
found to play a significant role in explaining the soil losses in
the first year after fire. Sediment availability has been poorly
quantified until know and deserves detailed research attention,
as pointed out by Moody et al. (2013). Although the qualitative
classification used here must be further refined and tested, it
seems to indicate that past land use limits sediment availability
and affect the post-fire erosive response (Malvar et al., 2015).
This could be particularly relevant in NW Spain where a long
history of intensive land use, increasing abandonment of land
cultivation in recent decades and short fire return periods are
all very common factors.
Although the experimental plots are representative of most
forested and shrubland areas in the region, soil depth was not

Performance of soil burn severity model in predicting overall erosion rates
Coefficient of
2
determination, R

Model development
Model validation

0.89
0.96

Copyright © 2015 John Wiley & Sons, Ltd.

Coefficient of
efficiency, E

Index of agreement, d

Root mean square
error (RMSE)

Mean absolute
error (MAE)

Bias

0.89
0.81

0.97
0.96

6.16
7.94

4.43
5.47

0.04
5.41
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selected by the model. It is possible that the range of variation
of this variable was too narrow for its influence on post-fire soil
losses to be detected. The percentage of stoniness in most of the
plots under study (Table I) is probably too low to have significant effects on soil erosion (Poesen and Lavee, 1994; Poesen
et al., 1994; Cerdan et al., 2010), although moderate levels of
stoniness were found in some sites.
Likewise, although the experimental plots cover a range of
slopes of between 20 and 53%, the model did not indicate
percentage slope as a determining factor in soil loss. Similar
results have been reported by Benavides-Solorio and MacDonald
(2005) and Notario del Pino and Ruiz-Gallardo (2015) in different
climates. Moody and Martin (2009) used a large data set to
analyse post-fire sediment yields in western United States and
did not find a significant correlation between this factor and
topographic slope. They suggested that sediment availability
may be more important than slope in predicting post-fire sediment yields. Our findings seem to confirm this statement.
Vegetation cover did not have a significant effect on soil
erosion. This is consistent with previous observations made
in the first year after fire in NW Spain (Fernández and Vega,
2016). This may be explained by rainfall distribution as 70%
of the annual precipitation accumulates during the autumn
and winter after fire (Table II). Thus 81% of annual erosion occurred during the first six months after fire whereas vegetation
cover only reached 25% at the end of the same period (Figure 5)
and thus the contribution of vegetative cover to soil protection
was probably negligible during the first months after fire. Under
this scenario, the quantity and characteristics of ash remaining
after fire is revealed as being crucial (Bodí et al., 2014).
The model indicated that accumulated precipitation in the
first year after fire was more important than other rainfall
parameters for explaining soil loss. This confirms previous
results in NW Spain in which precipitation proved a better
predictor of post-fire soil erosion than rainfall intensity or
rainfall erosivity (Fernández et al., 2011; Vega et al., 2014).
Annual rainfall was above the background values for the area
in most cases, and this may have led overestimation of the
erosion values observed in the validation (Figure 4). However,
this may be useful given that the objective of the study was to
develop an operational tool for prioritizing soil stabilization
treatments in areas where the soil erosion risk is high. This is
a crucial issue, due to the risk of losing ecosystem sustainability
as a result of severe post-fire erosion (Berendse et al., 2015,
Brevik et al., 2015, Keesstra et al., 2012).

Figure 5. Mean value of vegetation cover six month after fire and the
percentage of soil loss during the period relative to the annual soil
losses in each study site. Vertical bars represent the standard errors.
Copyright © 2015 John Wiley & Sons, Ltd.
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Conclusions
The proposed empirical model revealed, for the first time, a
significant relationship between soil burn severity and soil
erosion during the first year after fire. However, this should
be considered as a preliminary finding as accurate quantification of soil burn severity remains a challenge. Nonetheless,
the proposed model is simple and provides a first-order estimate of post-fire sediment production in NW Spain and similar environments. It could be used by forest managers to
evaluate erosion risks and for planning post-fire stabilization
activities. As the predictors are readily available, the model
can be used as an operational tool and easily incorporated
in a geographic information system (GIS)-environment.
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