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Abstract

Wildfires are one of the most widespread factors of ecosystem degradation around the world. The present note
reports the first experimental results of a wider-scale research project, whose aim is to develop methods for the
analysis and the collection of field data, by means of a multidisciplinary approach, to evaluate land erosion
hazard.

The experimental area is located in Mediterranean basin, on a steep slope in a hilly area of north-western
Sardinia (Municipality of Ittiri, Italy), where a human caused fire occurred in August 2013. The area is mainly
covered by the typical Mediterranean vegetation. The forest fire spread through the study area in August 2013
and the burn severity has been moderate, according to USDA burn severity classification system. After the fire,
sediment fences were installed to trap sediments eroded by natural rainfall. Precipitations were recorded using
tipping bucket rain gauge installed at the site.

Soil erosion rates from experimental plots were measured and estimated with silt fences technique taking into
account different slopes and vegetation distribution. The study aims to compare the results obtained by ERMIT
(Erosion Risk Management Tool) model application and post-fire sediment yields measured in the study area.
The application of the model shows that the area experienced most of erosion after the first rain events after fire
occurring. Comparing experimental and model estimated data, there is evidence of ERMIT model
overestimating in respect of sampled data for the first year. Future experimental data are needed to confirm this
assumption and to contribute to calibrate ERMIT in a Mediterranean typical vegetation and climate
environment.

Keywords: erosion risk, ERMIT, burned area, forest fire effects

1. Introduction

Several authors suggest that in the early months following the passage of a fire, the soil erosion
increases dramatically (DeBano et al., 1998; Campo et al., 2006), even if gaps and further investigation
in this field can be easily outlined and recommended (Shakesby, 2011). High soil temperatures can
increase the erodibility of the soil surface, giving an indication of the susceptibility of the soil to the
impact of raindrops, to runoff, and other erosive processes (Moody and Martin 2009, Scott et al.,
2009). In extreme situations, burned areas of unstructured soils may be interested by processes of
waterproofing and soils becoming hydrophobic (Imeson et al., 1992). Available sediment can be
eroded from slopes and channels, transported and deposited downward in the valley driven by erosion
energetic inputs: precipitation, runoff, wind, and gravity. The loss of vegetation and forestry sediments
increase surface runoff in sloppy areas because longer flow paths are formed without interruption,
without surface roughness, and because the wind speed increase. These changes increase the amount
of energy available for erosion and sediment transport (Moody and Martin 2009a). The effects of fire
on hydrology can be mitigated by the presence of ash: forest fires can leave a dry, porous layer of ash
that covers the mineral soil (Cerda and Robichaud, 2009).

The increase of landslide phenomena in slope areas crossed by forest fires, is well documented in the
scientific literature (Curran et al. 2006; DeBano et al. 1998; Lane et al. 2006; Moody et al. 2009;
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Neary et al. 2005). In general, the hydrological response at the catchment scale is inversely correlated
to the effectiveness of the after fires treatment (Robichaud et al. 2008).

ERMIT is a web-based application developed by USDA (Robichaud, 2007a) that uses Water Erosion
Prediction Project (WEPP) technology to estimate soil erosion, in probabilistic terms, on burned lands
with and without the application of erosion mitigation treatments. Data inputs are: climate parameters,
vegetation type, soil type, topography, and soil burn severity class. The above parameters were applied
to the ERMIT model and it was possible to predict the probably erosion risk for the next 5 years.

The objective of this work is to show preliminary results of erosion sediments yield in a hilly burned area of
north-western Sardinia (Italy) and the correspondent output data from the application of ERMIT model.

2. Methods

2.1. Study site and data collection
The experimental area is located in a hilly area of north-western Sardinia, (around urban area of
Sassari, Italy, 40° 33°N; 8° 31’E), where a human caused fire occurred in August 2013 and burned an
area of 28 hectares (Figure 1). The area is mainly covered by typical Mediterranean chaparral
vegetation.
The climate is typically Mediterranean with water deficit conditions occurring from May through
September and precipitations mainly concentrated in autumn and winter.
The mean annual rainfall is 730 mm and annual mean air temperature is 16.8 °C. Most fires occur
during the summer season, from June to September.

Figure 1. Study area and perimeter of burned area

In August 2014, sediment fences were installed in 10 plots in an area with a slope of 20% to capture
sediment produced by natural rainfall (Robichaud and Brown, 2002).

2.2. ERMIT model
ERMIT (Erosion Risk Management Tool) is a web-based application that uses Water Erosion
Prediction Project (WEPP) technology to estimate erosion in probabilistic terms, on burned and
recovering forest, range, and chaparral lands with and without the application of erosion mitigation
treatments. User inputs are processed by ERMIT to combine rain event variability with spatial and
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temporal variabilities of soil burn severity and soil properties, which are then used as WEPP input
parameters. ERMIT produces a distribution of rain event sediment delivery rates with a probability of
occurrence for each of five post-fire years. In addition, event sediment delivery rate distributions are
generated for post-fire hillslopes that have been treated with seeding, straw mulch, and erosion barriers
such as contour-felled logs or straw wattles. In this work for every simulation has been considered
only the results of the untreated hillslope.

User inputs for ERMIT are climate, soil texture, soil rock content, vegetation type (forest, range,
chaparral), hillslope gradient and horizontal length, soil burn severity class for range and chaparral,
and pre-fire plant community description (relative distribution of shrub, grass, and soil cover in
percentages). User inputs are entered on a single interactive browser screen. ERMiT’s “event sediment
delivery exceedance probability” output can help managers to decide where, when, and how to apply
treatments to mitigate the impacts of post-wildfire runoff and erosion on life, property, and natural
resources. With ERMIT, managers can establish a maximum acceptable event sediment yield and use
ERMiT to determine the probability of ‘“higher than acceptable” sediment yields occurring
(Robichaud, 2007Db).

Simulations were carried out for the burned area taking into consideration the same input parameters
for all the runs. The only change was made for the vegetation values immediately and 6 months after
fire occurring. Successive validation of ERMIT was completed with field data.

Hill slope burned area was divided in 10 plots (10 m x 3 m) limited in the downhill edge by silt fences
in order to contain eroded soil and debris of each specific plot. Silt fences used in this study are easy
to be installed and costless (Robichaud and Brown, 2002), being made of wooden posts and geotextile
fabric (figure 2). Eroded material is collected, weighted and analysed possibly soon after the major
rain events.

Figure 2. Example of sample plot and sediment trapped in the silt fence

2.2.1. Climate parameters
Climatic data for ERMIT simulations referred to the closest weather station of Hydrological
Department of Sardinia. Temperature and precipitation data series for the period 1988-2002 were
considered. In ERMIT simulation runs, the monthly means of rainfall and the number of rainy days
for each month of the year are considered. Mean, maximum and minimum temperature values were
also input data for modeling.

2.2.2. Vegetation
Prevailing surrounding vegetation is Mediterranean chaparral in garrigue association, while as the
areas where fire occurred is dominated by oak tree (Quercus suber spp.) forest. Ground cover ocular
estimation (percentage of herbaceous, bare soil and stoniness surface) were made using a 1 m? point
frame with wire intersections at 10 cm intervals (figure 3) with 3 repetitions per plot.
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Vegetation cover measurements were made both soon after fire occurring in late August 2013 and in
early days of May 2014, so after about 8 months. In this way different recovering attitudes and
characteristics of the plots inside the area were considered.

Figure 3. Vegetation cover measurement

2.2.3. Type of soil
Several soil samples were collected at 0-10 cm depth, in burned plots. Analysis were performed in
collaboration with the Geotechnical laboratory of Cagliari Province. Two trials of texture repetitions
were conducted considering both sieving (for 0.075+100 mm grains) and sedimentation
(0.0055+0.1117 mm grains). Results are shown in table 1. Soil is therefore constituted mostly by sand
and clay.

Table 1. Basic statistics for each soil property

pH NgKg* % OC P,Os ppm  Silt% Clay% Sand% 2mm% 1mm% 0,5mm % 0,2mm %
mean 6,36 3,68 3,70 12,86 26,13 26,61 4726 31,76 2,21 1,41 3,30
st. dev. 0,11 1,23 0,21 1,87 4,61 7,18 3,40 978 0,79 0,56 0,88

2.2.4. Slope
Slope was measured in the field using a digital level instrument (Stabila 86 Electronics). Several
measures were made for each plot and the average slope was considered (20% in this case).

2.2.5. Soil burn severity
Burn severity was estimated applying USDA methodology as reported in the “Field guide for mapping
soil burn severity” (Parsons et al., 2010). Ocular estimation of fire severity and damages caused by
burning and the comparison with clear pictures of similar situations allows to have a fast, reasonably
precise classification of burn severity. The severity of the fire was considered “moderate” based on
post fire analysis and vegetation recovering capacity, together with vegetation damages and limited
infiltration rates of topsoil.

3. Results
Figure 4 shows the daily cumulative, maximum intensity 30 minute rainfall (130 max) and the sample

dates. The total precipitation recorded in the period September 2013 - April 2014 (653 mm) is about
90% of the mean annual rainfall. Four periods of sediment accumulation were carried out during the
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experimentation, and sediments were removed from the silt fence on 10 September 2013, 29 January,
19 March, and 10 April 2014. These dates are reported in the figure 4 in black (sample).
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Figure 4. Daily cumulative rainfall and Iso max

Mean values of measured soil loss for each sample of plots with slope of 20% are reported in figure 5.
The highest erosion was observed in the first sample (1.6 t ha), whereas, in the last sample, event

erosion rate was very low, only 0.02 t ha™.
Total soil erosion loss recorded during this study was 2.8 t ha™. Vacca et al. (2000) had much lower

results in erosion plots under burned chaparral in southern Sardinia (0.51 — 0.26 t hal); even lower
sediment values (0.014 t ha) were recorded in Bonassai, northwestern of Sardinia, on burned pasture

(Rivoira et al., 1989) this low values are probably due to the low severity of fire.
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Figure 5. Mean values of measured soil loss (t ha)
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The results of ERMIT simulations are shown in figures 6 and 7. Only untreated estimates were
considered with different probability that sediment yield will exceed a certain threshold. Soil losses
estimated by ERMIT for the first year are 3.23 and 3.13 t ha™, soon after fire and six months after fire,
respectively.

Model results compared with the field measurements show how ERMIT model tends to overestimate
erosion rates in typical Mediterranean vegetation and soil conditions. These preliminary results need
to be confirmed by further investigation in coming years and also in different sites with similar
vegetation, slope and soil conditions, given a defined fire severity and precipitation patterns.

| Sediment Delivery

Probability that ‘ © Eventsedimentdelivery (tha') ©

sediment yield

will be exceeded | Year following fire

o % (90] |1styear|2nd year|3rd year|4th year|5th year
| Untreated= | 323 | 166 | 07 | 06 | 05
| Seeding= | 323 | 09 | 06 | 05 | 05
\ Mu|ch(1tha-1]\ 07 \ 0.7 \ 07 \ 0.6 \ 05
| Mulch(2tha™ye| 06 | 06 | 07 | 06 | 05
\Muhh[a_stha-h@\ 0.58 \ 0.6 \ 07 \ 0.6 \ 05
Mulch 4.5tha”ye | 066 | 06 | 07 [ 06 | 05
‘Erosion Barriers Diameter[J  m Spacing[50 m @ 2
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Figure 6. Example of ERMIT output of sediment delivery 20% exceedance probability
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Figure 7. Exceedance probability vs event sediment delivery for five years after the fire(left) and after six months in
the study area (right)
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