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a b s t r a c t

Wildfires frequently threaten water quality through the transfer of eroded ash and soil into rivers and
reservoirs. The ability to anticipate risks for water resources from wildfires is fundamental for im-
plementing effective fire preparedness plans and post-fire mitigation measures. Here we present a new
approach that allows quantifying the amount and characteristics of ash generated under different
wildfire severities and its respective water contamination potential. This approach is applied to a wildfire
in an Australian dry sclerophyll eucalypt forest, but can be adapted for use in other environments.

The Balmoral fire of October 2013 affected 12,694 ha of Sydney's forested water supply catchment. It
produced substantial ash loads that increased with fire severity, with 6, 16 and 34 Mg ha�1 found in
areas affected by low, high and extreme fire severity, respectively. Ash bulk density was also positively
related to fire severity. The increase with fire severity in the total load and bulk density of the ash
generated is mainly attributed to a combination of associated increases in (i) total amount of fuel affected
by fire and (ii) contribution of charred mineral soil to the ash layer. Total concentrations of pollutants and
nutrients in ash were mostly unrelated to fire severity and relatively low compared to values reported for
wildfire ash in other environments (e.g. 4.0–7.3 mg As kg�1; 2.3–4.1 B mg kg�1; 136–154 P mg kg�1).
Solubility of the elements analysed was also low, less than 10% of the total concentration for all elements
except for B (6–14%) and Na (30–50%). This could be related to a partial loss of soluble components by
leaching and/or wind erosion before the ash sampling (10 weeks after the fire and before major ash
mobilisation by water erosion).

Even with their relatively low concentrations of potential pollutants, the substantial total ash loads
found here represent a water contamination risk if transported into the hydrological network during
severe erosion events. For example, up to 4 Mg of ash-derived P could be delivered into a single water
supply reservoir.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

Forest catchments are an important source of drinking water in
many regions of the world and hence forest conservation is a
fundamental part of the integrated management of water re-
sources (Dudley and Stolton, 2003). Wildfires are one of the most
important perturbations in forested regions that are subject to
prolonged dry spells, with direct implications for water quality. In
the dry temperate forests and woodlands of south-eastern Aus-
tralia, wildfires are particularly frequent, with extensive wildfires
having affected forested reservoir catchments since their

establishment. Despite efforts of land and water managers to mi-
tigate their effects, severe wildfires have impacted a range of
forested water supply catchments in recent years (Sydney 2001
and 2013, Canberra 2003, Adelaide 2007 and Melbourne 2009;
Smith et al., 2011). Moreover, future projections postulate a
widespread increase of fire activity in this region, driven not only
by climate but also by human factors and complex ecological in-
teractions, with substantial financial and societal implications
(Clarke et al., 2011; Doerr et al., 2013). The ability to anticipate the
potential risks for water resources from wildfires is therefore of
major importance to land and water supply managers not only in
Australia, but also in many other fire-prone regions of the world.
Identification and prediction of the main risks can help to imple-
ment not only effective fire response and preparedness plans, but
also effective post-fire mitigation measures.

The main water contamination risk resulting from wildfires is
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the post-fire enhancement of soil erosion and sediment transfer to
surface water bodies due to the removal of vegetation and litter,
the decrease in soil stability and increased runoff (Shakesby and
Doerr, 2006; Malvar et al., 2011). However, enhanced post-fire soil
erosion and runoff do not always lead to major erosion events,
because i) impacts of fire on soil properties are not always con-
sequential, ii) specific terrain conditions limit the erosion risk,
and/or, iii) rainfall after fire is not intense/early enough to cause an
erosive response (Moody et al., 2013). For example, in this context,
previous research in the greater Sydney catchment region fol-
lowing severe and extensive wildfires in 2001, demonstrated that
the sandstone terrain in this region is relatively resilient to fire-
induced soil erosion compared to what has been reported from
most other terrain types elsewhere. Annual soil erosion rates (and
associated water contamination potential) in the post-fire period
(0–2 yr) were modest (2–50 Mg ha�1) when compared to fire-af-
fected terrain in the USA or Spain (20–200 Mg ha�1) due to the
permeable geology and the abundance of preferential flowpath-
ways in the soil, despite very high levels of soil water repellency
(Shakesby et al., 2007).

In addition to post-fire soil erosion and its associated risks,
there is an often-neglected component present in the burnt
landscape with important implications for water contamination:
ash. In the context of wildfire, ‘ash’ is defined as the ‘particulate
residue remaining, or deposited on the ground, from the burning
of wildland fuels (i.e. biomass, necromass and soil organic matter)
and consisting of mineral materials and charred organic compo-
nents' (Bodí et al., 2014, p. 104). This highly erodible material can
be rapidly mobilised both by wind and water erosion and trans-
ferred into water bodies. Ash quantity and composition is very
variable, but overall, ash-derived nutrients and minor elements
can have a major impact on water quality (Smith et al., 2011; Costa
et al., 2014). Although wildfire ash is generally more erodible than
soil due to its loose nature and lower bulk density, it is usually not

examined as a distinct part of the sediment transported by wind
and water erosion, and its associated water contamination po-
tential has rarely been investigated (Bodí et al., 2014).

To address this research gap we examined the properties and
potential water quality implications of the ash layer deposited
during a severe wildfire in a dry sclerophyll eucalypt forest south-
west of Sydney, Australia. The Balmoral wildfire of October 2013
affected parts of the greater Sydney drinking water supply catch-
ment area (Fig. 1) and raised concerns about the risk of water
contamination from post-fire erosion (Murphy, 2014). Specific
aims of the study were to examine the role of fire severity (i.e.
degree of destruction of vegetation and ground fuels) in de-
termining (i) total ash loads (ii), ash chemical composition for
constituents relevant to water quality, and (iii) the associated risks
for water contamination.

2. Materials and methods

2.1. Study area and site selection

The climate of the study area (Fig. 1) is humid temperate with
moist summers and cool winters and no marked dry season. Mean
annual rainfall is 900–1000 mm, with extremes of 400 and
1600 mm. The bedrock comprises mainly quartzitic Hawkesbury
Sandstone with shale outcrops and soils range in texture from
sandy to sandy clay loams (Doerr et al., 2006). Deep canyons and
gorges with intervening ridges and gently-sloping plateaus char-
acterise the landscape, with the dominant vegetation cover being
dry eucalypt forest with a dense shrubby understory (Keith, 2004).
The fire return interval in the area is on the order of 14–21 years
(Enright et al., 2012). The study area had not burnt since a con-
trolled fuel reduction burn in October 1996 (i.e. time since fire¼17
years).

Fig. 1. Location map of the study area burnt by the Balmoral wildfire (October 2013, Sydney, Australia) with the fire severity classification according to Chafer (2008). Left
top: Close up of the sampling area and location of the sampling sites at extreme (squares), high (circles) and low (triangles) fire severities, and the unburnt control (star).
Note the limits and names of the five sub-catchments within the burnt area, and the table with the number of hectares burnt in each sub-catchment.
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