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The effects of fire on the soils depend on the temperature reached, duration of burning and post-fire rainfall.
The combustion of organic matter, deposition of ashes and alterations in nutrient availability are the main
processes of chemical change associated with fire. High intensity and fast moving crown fires can consume a
part of litter during the process of combustion because only a small amount of the energy released is
transferred to the litter surface. In such cases, litter is charred but not consumed, and a thick ash-bed can be
set down on the soil. The effect of charred litter and ashes on the mineral soil surface will persist until
external agents (strong rainfall, wind, vehicles or animals) remove or redistribute them. Its presence on the
soil surface can be critical during the immediate post-fire period in Mediterranean areas and specifically in
the area of the Strait of Gibraltar, where intense rainfall events are not unusual during summer.

N Runoff coef. (%) Soil loss (g m-2)
All 210 13,3 ± 19,5 35,5 ± 109 

Before fire 42 4 ± 2,1 a 3,7 ± 1,4 a
Litter layer 42 5,1 ± 1,4 a 4,2 ± 0,9 a
Ash layer 42 4,2 ± 2 a 2,6 ± 0,8 a
Bare soil 42 48,5 ± 18,3 b 163,4 ± 198,9 b

1-year after fire 42 5 ± 2,3 a 3,5 ± 1,5 a
KW, p 0,0000 0,0000

N WDPT (s) TP (s) TR (s)
All 210 289 ± 259 1553 ± 879 1757 ± 947

Before fire 42 642 ± 108 e 1451 ± 322 b 1555 ± 307 b
Litter layer 42 84 ± 31 b 2520 ± 354 d 2751 ± 430 c
Ash layer 42 5 ± 2 a 2240 ± 615 c 2642 ± 661 c
Bare soil 42 196 ± 61 c 241 ± 76 a 425 ± 121 a

1-year after fire 42 517 ± 107 d 1314 ± 225 b 1410 ± 216 b
KW, p 0,0000 0,0000 0,0000

Introduction

Figure 1. View of a wildfire in the Sierra 
del Montero, near the study area.

Figure 2. Effects of post-fire erosion processes in two fire-affected areas near the 
study area.

Methods

The changes induced by charred litter
and ashes on the soil hydrological and
erosional response after a prescribed fire
in a Mediterranean heathland in the area
of the Strait of Gibraltar (southern Spain)
have been studied in this research.

The experiments were conducted in
Sierra de Algeciras, El Algibe range (Cádiz
province, southwestern Spain),
approximately at coordinates 36° 13·4′ N
and 5° 36·0' W and 313 m above sea
level. The lithological substrate is mainly
composed of Oligo-Miocene sandstone,
which produces acidic, nutrient-poor
soils. The climate is Mediterranean, with
cool, humid winters and warm, dry
summers. The vegetation is formed by
open heathlands, dominated by Erica
australis, Calluna vulgaris, Cistus spp.,
and Genista tridentata. Distribution of
heathlands in the studied area is
influenced by fires, logging and grazing,
which has led heathlands to spread out
progressively.

Figure 3. Study area.

Figure 4. Left: open heathlands (Erica australis) in the study 
area. Right: Calluna vulgaris resprouting after a wildfire.

Results

After burning, water repellency was
significantly reduced at the exposed
surface of ash-covered soil plots.
Time to ponding (TP) and time required
for runoff generation where significantly
longer on bare soil surfaces, while
exposed ash and litter layers showed the
longest TPs and TRs. In addition, the
bare soil plots generated significantly
more erosion than did ash and/or
chatter litter covered surfaces.

Consequently, post-fire changes may
decrease the hydrological response
while charred organic residues and ashes
stay on the soil surface. When this
protective cover is removed, the mineral
soil surface is exposed; in this case, the
water repellency of the mineral soil can
accelerate the erosive response.

Rainfall simulations were performed at an intensity of 70 mm h-1 during 60 min, representative from
frequent storms in the study area. Simulations were carried out on marked randomly selected points before
fire, immediately after fire and 1 year after fire. Simulations immediately after fire were performed on the
exposed litter layer, the exposed ash layer and bare soil surfaces. Runoff coefficients and soil loss were
determined after simulations and soil water repellency was determined using the WDPT method.

Table 1. Soil water repellency (WDPT), time to ponding (TP) and time 
required for runoff generation (TR) determined before fire, on the exposed 

litter later, exposed ash layer, bare soil, and 1 year after fire.

Table 2. Runoff coefficient and soil loss determined before fire, on the 
exposed litter later, exposed ash layer, bare soil, and 1 year after fire.

Figure 5. Time to ponding on the litter and ash layers in relation with the layer depth.

Figure 6. Time to runoff on the litter and ash layers in relation with the layer depth.

Figure 7. Runoff coefficients of the ash layer and litter layer in relation with layer depth.

Figure 8. Soil loss versus runoff coefficients determined before fire, on 
the exposed litter later, exposed ash layer, bare soil, and 1 year after 

fire. Points fit an exponential function.

Therefore, the ash and charred litter layers offered some protection against soil loss that would have
occurred in their absence even with significant reductions in water repellency. Results from rainfall
simulations at the small scale in this study suggest that interrill soil erosion risk by rainfall in dense heathland
can remain stable during the immediate post-fire period when a fire results in a thick deposition of ashes. In
contrast, when the bare soil surface is exposed, the erodibility may increase. Although wildfires use to
increase soil erodibility, the trends observed in this study suggest that, at the scale of work this increased
susceptibility to erosion is limited to some degree while an intact ash and charred litter layer is still present.
When burning results in a substantial deposition of ashes, the ash-bed can prevent soil from fast runoff
generation and reduce the erosion risk while it is present.

Therefore, the ash and charred litter layers
offered some protection against soil loss
that would have occurred in their absence
even with significant reductions in water
repellency. Results from rainfall
simulations at the small scale in this study
suggest that interrill soil erosion risk by
rainfall in dense heathland can remain
stable during the immediate post-fire
period when a fire results in a thick
deposition of ashes. In contrast, when the
bare soil surface is exposed, the erodibility
may increase. Although wildfires use to
increase soil erodibility, the trends
observed in this study suggest that, at the
scale of work this increased susceptibility
to erosion is limited to some degree while
an intact ash and charred litter layer is still
present. When burning results in a
substantial deposition of ashes, the ash-
bed can prevent soil from fast runoff
generation and reduce the erosion risk
while it is present.

After the ash-bed is removed by natural
agents (as strong rainfall or wind), runoff
coefficients and soil loss can increase
considerably at plot scale. The recovery of
natural vegetation one year after the
prescribed fire practically re-established
the initial conditions before fire. Water
repellency, hydrological response and
erosional response after 1-year period
were comparable to pre-fire conditions at
a plot scale.

Figure 9. Post-fire erosion risk of the studied surfaces
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