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Summary 

NSW National Parks and Wildlife Service (NPWS) is implementing an Enhanced Bushfire 
Management Program (EBMP), which will provide for an increase in hazard reduction (HR) 
activities, including both mechanical works and prescribed fire. However, the possible impacts 
of prescribed HR fire on soil-related issues such as nutrient cycling, soil erosion and 
sedimentation, and effects on water quantity and quality, are not fully understood.  

NPWS therefore requested the Science Division of the Office of Environment and Heritage 
(OEH) to prepare a literature review summarising the current state of knowledge on the impacts 
of fire on soils, focusing on Australian research and knowledge relevant to NSW landscapes.  

A key theme of this review is the relative risks and effects of wildfire compared to HR burning. 
Specifically, NPWS asked whether increasing HR targets and more frequent burning could 
result in adverse impacts on soils and the hydrologic responses of catchments.  

Despite the enormous body of research that has examined soil-fire interactions in relation to 
nutrient supply and cycling, soil erosion and sedimentation, and impacts on water quantity and 
quality, the vast majority of this research has overwhelmingly concentrated on the effects of 
wildfire rather than on the effects of low severity burns such as HR burns. This is because 
wildfires can have catastrophic impacts on nutrient pools, post-fire soil erosion, sedimentation 
and water quality, and long-term impacts on the quantity of water discharging from affected 
catchments. In contrast, relatively little research has been carried out into the impacts of low 
severity burns, where the effects are generally more subtle and variable. Furthermore, much of 
the research comes from overseas, mainly countries with a Mediterranean climate and 
especially prone to wildfire. Much of this overseas literature is not particularly relevant to 
Australia due the generally thin, nutrient-poor soils, and the different landscapes and climatic 
patterns in this country. 

Fire typically results in the reduction of fuel and soil organic nutrient pools by oxidation, 
volatilisation, convection, leaching, and erosion of nutrients from a site. Different nutrients may 
respond differently to each of these processes, but certain nutrients including carbon (C), sulfur 
(S) and nitrogen (N) are particularly susceptible to fire-related losses, due to their lower 
temperatures of volatilisation. Compared to wildfire-related losses, individual HR burns typically 
result in lower nutrient losses. However, nutrient losses following HR burns may still be 
significant in the Australian context, especially in nutrient-poor sandy soils. Furthermore, there is 
concern that frequently repeated burning may progressively deplete sites of nutrients and 
significantly reduce rates of nutrient cycling. 

The magnitude of changes to catchment hydrological responses depends on the severity of a 
fire and a range of other factors. Following intense bushfires, runoff becomes more responsive 
to rainfall events, with runoff/infiltration ratios and stream flows generally increasing. As a result, 
there is an increased potential for sediment movement, by up to several orders of magnitude, 
especially if a severe fire is followed by rainfall events of high intensity and erosivity. Increased 
sediment movement from catchments is also generally correlated with an increase in nutrients 
and other pollutants delivered to streams and reservoirs, because many nutrients and pollutants 
are adsorbed to fine-grained organic and inorganic sediments. This period of increased 
catchment runoff and lower water use typically lasts ~2-10 years. In the medium to longer terms 
however, catchments affected by severe wildfires generally experience a reduction in water 
yields below pre-fire discharge levels as the vegetation enters a phase of rapid growth. 

Low severity fires are generally considered to have a lesser impact on soil erosion and 
catchment hydrologic responses than intense bushfires. This is largely due to the greater 
retention of ground cover and soil organic matter. However, severe erosive events following low 
severity prescribed burns have been recorded in Australia. The few studies specifically focusing 
on the effects of low severity fire on stream water chemistry and water quality suggest that 
individual low severity fires offer a much lower risk of adverse effects to water supplies than 
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higher severity wildfires. Stream flow responses to low severity fires have been noted, but are 
generally smaller in magnitude compared to wildfire responses. Although prescribed HR fires 
are generally understood to have a lesser environmental impact than wildfires there is concern 
that frequent burning may cause cumulative degeneration of soil and catchment hydrological 
characteristics. There is also concern that relatively minor medium to long-term reductions in 
flows caused by increased prescribed fire regimes may be compounded by climate change-
related reductions in precipitation, particularly in south-east Australian catchments. 

Soils with greater thermal conductivity, including drier soils, soils with a lower bulk density, and 
soils with a lower specific heat (sandy soils) will be affected by fire to a greater extent than moist 
soils, and soil types with high specific heat (clayey soils). For any given burn severity, the soils 
most susceptible to erosion are fragile sandy soils or soils with otherwise high erodibility, that 
are thin, stony, and massive with high bulk density. The moisture and nutrient-holding capacity 
of soils tends to decrease rapidly with depth, therefore even small increases in excess of natural 
and historical sheet or rill erosion rates can have disproportionately large impacts on issues 
such as soil productivity and catchment hydrology. 

The long-term significance of historically recent and proposed fire regimes can be inferred by 
comparing rates of soil formation and erosion over geomorphic time scales. It is clear that 
recent rates of soil erosion generally exceed prehistoric rates, sometimes several orders of 
magnitude greater.  

This may have major implications for our understanding of the impacts of historically recent and 
proposed fire regimes. It is reasonable to propose that prescribed HR burning in landscapes 
that did not evolve with repeated low-severity fire will increase the risk of unacceptable soil-
related impacts. This may particularly be the case in higher rainfall regions where, due to high 
cover factors, rates of soil erosion and sedimentation are generally lower than those in drier 
regions. Conversely, it is reasonable to propose that prescribed HR burning in landscapes that 
have evolved with repeated episodes of low-severity fire will not increase the risk of 
unacceptable soil-related impacts. Appropriate and geomorphically sustainable fire regimes 
need to be devised for each soil-landscape type, rather than applying general prescriptions. 
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Glossary 

 

BAAT  Burnt Area Assessment Team 

BFEA Code Bush Fire Environmental Assessment Code 

BKDI  Byram-Keetch Drought Index 

BRIMS  Bushfire Risk Information Management System 

EBMP  Enhanced Bushfire Management Program 

EC  electrical conductivity 

g/cm3  grams per centimetre cubed 

GL/yr  gigalitres per year 

HR  Hazard Reduction 

kW/m  kilowatts per metre 

n.d.  no date 

NPWS NSW  National Parks and Wildlife Service 

OEH  Office of Environment and Heritage 

RFS  Rural Fire Service 

RUSLE Revised Universal Soil Loss Equation 

SFAZ     Strategic Fire Advantage Zone  

t/ha/yr  tonnes per hectare per year 

US  United States 

USDA  United States Department of Agriculture 

USLE  Universal Soil Loss Equation 

 

Nutrients, elements and compounds 

 

Al  Aluminium 

B  Boron 

Ba  Barium 

C  Carbon 

Ca  Calcium 

Cl  Chlorine 

Cr  Chromium 

Cu  Copper 

Fe  Iron 

K  Potassium 

Mg  Magnesium 
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Mn  Manganese 

Mo  Molybdenum 

N  Nitrogen 

Na  Sodium 

NH4
+  Ammonium 

NO3
-  Nitrate 

P  Phosphorus 

Pb  Lead 

S  Sulfur 

SO4
2-  Sulfate 

Zn  Zinc  
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Background 

Following the release of recommendations of the 2009 Victorian Bushfires Royal Commission 
(Parliament of Victoria 2010), the NSW Government considered a range of actions that could be 
implemented by fire authorities and land management agencies to mitigate fires of similar 
magnitude impacting on NSW. NPWS is both a statutory fire authority and a conservation land 
manager, managing 9% of NSW lands and 25% of the total fire prone lands across the state, 
and currently undertakes a large proportion of the HR activities in NSW. In order to deliver 
against revised mitigation targets and existing long-term fire strategies, NPWS recognised the 
need for an EBMP. This program provides additional resources to increase fuel reduction 
activities, including both mechanical works and prescribed HR fire. 

Risk management requires assessment not only of risk to life and property, but to ecosystem 
services including soils and water (Bush Fire Cooperative Research Centre [CRC] n.d.). It is 
therefore important to understand and manage the potential impacts of an increase in HR 
burning on a range of ecosystem services, including biodiversity (Gill 2012)), water supply 
(Smith et al. 2011a), and C sequestration (Bradstock & Williams 2009). 

The EBMP Monitoring Plan prepared by NPWS recognised that the potential impacts of fire on 
soils is an important issue and that incorporation of soils knowledge into the EBMP would help 
minimise soil-related environmental impacts of the program. 

The potential impacts of the EBMP is especially important in the context of possible climatic 
variation (Hennessy et al. 2005; Karoly & Braganza 2005; Gergis et al. 2011), which may 
include possible changes in the frequency and duration of regional temperature extremes 
(Chambers & Griffiths 2008; Alexander & Arblaster 2009) and possible narrowing of optimal HR 
operational windows (Williams et al. 2001; Hennessy et al. 2005). 

NPWS therefore requested the Science Division of OEH to prepare a well-referenced literature 
review summarising the current state of knowledge on the impacts of fire on soils, focussing on 
the Australian context (i.e. Australian research, and general knowledge relevant to Australian 
and NSW landscapes). 

Priority Research Questions 

The relevant Priority Research Questions posed by the NPWS Bushfire Research Statement 
(NPWS 2013) are: 

• What is the impact of bushfire regimes on soil formations and on erosion and sedimentation 
rates, especially in drinking water catchments [i.e. what soil types are vulnerable to what 
fire conditions]? 

• What is the effect of bushfire regimes on water flows (quantity and quality), especially in 
drinking water catchments? 

• What is the impact of bushfire regimes on nutrient cycling and the carbon cycle? 

The NPWS requested that the review should: 

• summarise what information is already known in relation to the Priority Research Questions 

• identify knowledge gaps. 

A key theme of this review is the relative risks and impacts of HR burning compared to wildfire. 
Specifically, NPWS asked whether increasing HR targets and burning at reduced intervals could 
result in adverse impacts on soils and the hydrologic responses of catchments. 
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Introduction 

Overview of Relevant Soil Research 

Soil is an unconsolidated, thin, variable layer of mineral and organic matter on the Earth’s 
surface that forms as a result of physical, chemical and biological processes operating over long 
periods of time (Singer & Munns 1996). Soil provides a range of ecosystem services – it 
supplies nutrients, water and support for plants; it absorbs water by infiltration, stores some as 
groundwater and interstitial water, and releases it via throughflow, overland and channelled flow 
to streams. However, soil materials can also be eroded and become sources of sediment, 
nutrients and other pollutants in streams (DeBano et al. 1998). 

Agriculture and the Universal Soil Loss Equation 

Research into agricultural soil erosion by the United States Department of Agriculture (USDA) in 
the early 20th century established the basic processes and factors involved. These included: 
slope steepness and slope length; cover factors, including the type of crop and crop rotations; 
and conservation practices such as contouring. The USDA later devised the Universal Soil Loss 
Equation (USLE) (Wischmeier & Smith 1965, 1978), modified in 1992 as the Revised Universal 
Soil Loss Equation (RUSLE) (Renard et al. 1997) to assist in understanding and mitigating soil 
erosion. The equation is: 

A = R x K x L x S x C x P, where 

A = soil loss in tonnes per area 

R = rainfall erosivity 

K = soil erodibility factor 

L = slope length factor 

S = slope steepness factor 

C = cover and management factor 

P = soil conservation practice factor. 

 

The equation remains the most commonly used method to predict the average soil loss rate 
through sheet and rill erosion around the world, including in Australia (Lu & Yu 2002). The 
equation includes factors that are also relevant to predicting soil erosion from burnt areas under 
native vegetation. 

Agricultural concerns have also been key drivers of research into a range of other soil-related 
issues, including wind erosion (Tozer & Leys 2013), the mechanics of gully erosion (Blong et al. 
1982a; Prosser & Winchester 1996), soil structural decline (Packer et al. 1984; Murphy et al. 
1993), and soil acidification (Helyar et al. 1990). 

Forestry-related Research 

The imperatives of production forestry drove much of the soil- and fire-related research from the 
1920s, especially in the USA. Much of this research examined the relationships between both 
silvicultural fire and wildfire, and nutrient availability (e.g. Chapman 1926; Demmon 1929; 
Fowells & Stephenson 1934; Heywood & Barnette 1934; Demmon 1935; Wahlenberg 1935; 
Chapman 1936; Isaac & Hopkins 1937; Wahlenberg et al. 1939; Finn 1943; Burns 1952; Fuller 
et al. 1955; Tarrant 1956; Weaver 1957; Cotter 1963; Knight 1966; Brender & Cooper 1968; 
DeBell & Ralston 1970; Wells 1971; Lewis 1974; Wells & Jorgensen 1975; Christensen 1977; 
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Wells et al. 1979; Kodama & VanLear 1980; McKee 1982; Covington & Sackett 1984; Schoch & 
Binkley 1986; Boyer & Miller 1994). 

In Australia too, the impact of fire on nutrients has been studied in the context of both plantation 
and native forestry (e.g. Stephens & Bond 1957; Pryor 1963; FCNSW 1966; Humphreys 1966; 
Flinn et al. 1979; Harwood & Jackson 1975; Raison 1980; Attiwill & Leeper 1987). 

From the 1970s, much of the forestry-related research effort in Australia also concentrated on 
soil erosion and sedimentation, and the impacts on hydrological processes after fire, and the 
need to address soil pollution of streams downstream of logging operations (including post-
logging burns) (e.g. Burgess et al. 1980, 1981; Mackay et al. 1980; Mackay & Cornish 1982; 
Cornish & Binns 1987; Mackay & Robinson 1987). 

Catchment Management and Water Research 

The importance of catchment protection and the impacts of soil erosion and sedimentation on 
water supply reservoirs became a major issue following the construction of large dams in the 
latter part of the 20th century (Australian National Committee on Large Dams). These works 
inevitably placed attention on activities within the catchment areas, and the link between 
pressures including fire, grazing and sedimentation was established by a large body of research 
conducted in the Snowy Mountains (Byles 1932; Costin 1954; Australian Academy of Science 
1957; Costin 1958; Costin et al. 1960; Clayton 1967). 

The relationships between fire and sedimentation have been examined recently in relation to a 
number of large fires in Australian water supply reservoir catchment areas (Wilkinson et al. 
2004; White et al. 2006; Rustomji & Hairsine 2006), and the issues and processes involved 
have been reviewed in Australian and overseas literature (Anderson et al. 1976; Blake et al. 
2009; Smith et al. 2011a). 

Hazard Reduction 

The bushfires that culminated in the catastrophic ‘Black Friday’ of 13 January 1939 in Victoria 
resulted in almost two million hectares being burnt, with 71 lives lost. The subsequent Royal 
Commission presided over by Judge Leonard E.B. Stretton inquired into the causes of the fires, 
and examined measures taken to prevent the fires and to protect life and property. Stretton 
recommended a strategic program of what is now known as HR burning to reduce the risk of 
catastrophic fire. The Commission was also critical of fire management over the border in NSW, 
and HR burning was subsequently adopted as policy in NSW. The HR burning effort has varied 
over the years, but by 2012–13, in the wake of the 2010 Royal Commission, the NPWS 
achieved record levels of hazard reduction burning. In the 12 months to 30 June 2013, fire 
crews carried out more than 330 hazard reduction burns covering 205,890 ha (NPWS 2013). 
During 2014–15 NPWS completed 189 planned hazard reduction burns covering over 113,000 
hectares (NPWS 2015). 

Despite the fact that HR burning has been a key component of fire management strategies for 
many decades, the vast majority of research has continued to overwhelmingly concentrate on 
the effects of wildfire, rather than on the effects of low severity burns such as HR burns. 
Furthermore, much of the research comes from countries with Mediterranean climates, 
especially Spain, Portugal, Italy, Greece, Israel, South Africa, and parts of the US  (Dunn & 
DeBano 1977; Hibbert 1984; Sevink et al. 1989; Imeson et al. 1992; Lavabre et al. 1993; 
Christensen 1994; Boix Fayos 1997; Inglesias et al. 1997; Inbar et al. 1998; Thomas et al. 1999; 
Mayor et al. 2007; Terefe et al. 2008; Shakesby 2011; Pereira et al. 2012). 

Review papers that have examined various aspects of the effects of fire on soils have been 
prepared by: Raison (1979); Tiedemann et al. (1979); Wells et al. (1979); Christensen (1994); 
Neary et al. (1999); DeBano (2000); Gonza´lez-Pe´rez et al. (2004); Certini (2005); Rustomji & 
Hairsine (2006); Shakesby & Doerr (2006); Shakesby et al. (2007); Mataix-Solera et al. (2011); 
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Shakesby (2011); Smith et al. (2011a); and, most recently, a major review by Cawson et al. 
(2012). 

Of the literature that specifically addresses the effects of prescribed low severity burning (e.g. 
Biswell & Schultz 1957; Weaver 1957; Hodgkins 1957; Henry 1961; Brender & Cooper 1968; 
van Loon 1969; Wells 1971; van Loon & Love 1973; Springett 1976; Kodama & VanLear 1980; 
McKee 1982; Richter et al. 1982; Raison et al. 1983b; Covington & Sackett 1984; Raison et al. 
1985b; Raison et al. 1986b; Schoch & Binkley 1986; Davis 1989; Covington & Sackett 1992; 
Keith & Raison 1992; Williams & Melack 1997; Morales et al. 2000; Robichaud 2000; Arocena & 
Opio 2003; Woods et al. 1983; Stephens et al. 2004; Bêche et al. 2005; Elliot & Vose 2005; 
Raison 2005; Murphy et al. 2006; Moffet et al. 2007; Outeiro et al. 2008; Vadilonga et al. 2008; 
Arkle & Pilliod 2010; Galang et al. 2010; Smith et al. 2010), very little of it has been generated in 
Australia, although there are exceptions (van Loon 1969; van Loon & Love 1973; Springett 
1976; Raison et al. 1983b; Woods et al. 1983; Raison et al. 1985b; Raison et al. 1986; Keith & 
Raison 1992; Raison 2005; Morris et al. 2010; Smith et al. 2010; and Cawson et al. 2012). In 
this review, overseas literature has been cited where relevant. 

 

Carbon Research 

Research into carbon dynamics in soils and vegetation has been prompted by increasing 
evidence of the role of carbon dioxide and other greenhouse gases in affecting climate change. 
A great deal of the research has examined the forms, sequestration and pathways of C, 
particularly in agricultural systems. In native vegetation systems, much of the research has 
again been carried out in the context of production forestry (Grierson et al. 1992; Grierson et al. 
1993; Roxburgh et al. 2006; Mackey et al. 2008; Ranatunga et al. 2008; Keith et al. 2009; Dean 
et al. 2003; Dean & Wardell-Johnson 2010), and the role of various fire regimes in affecting C 
stores (Fellows & Goulden 2008; Hurteau et al. 2008). 

Soil Formation and Erosion Rates 

In order to formulate policies and practices aimed at protecting the soil resource, it is necessary 
to understand what are considered to be ‘natural’ rates of soil formation and soil loss (Edwards 
1991), and to place current rates of soil erosion within a context of long-term landscape stability. 

Soil Formation Rates 

Soil formation includes two main processes – the rate of mineral soil formation by weathering of 
bedrock or regolith, and the rate of topsoil formation, which involves biogenic processes and the 
incorporation of organic matter (McCormack & Young 1981). The rate at which bedrock or 
regolith is weathered is extremely variable and depends on climate, vegetation, relief and the 
properties of the parent material itself (Jenny 1941), but of the two soil-forming processes, the 
weathering of bedrock is the limiting (slower) process. 

Measured rates of substrate weathering vary through at least two orders of magnitude, from 
close to zero to 70 millimetre per 1000 years (Selby 1982; Saunders & Young 1983; Edwards 
1991; Pillans 1997; Wilkinson & Humphreys 2005; Fifield et al. 2010). Stockmann et al. (2013) 
reviewed data from a range of sites in southeastern NSW (Heimsath et al. 2000; Heimsath et al. 
2001; Wilkinson et al. 2005a, 2005b; Heimsath 2006; Stockmann 2010), and found potential soil 
production rates of between 10 and 62 millimetre per 1000 years. Fire may also be a significant 
factor this process, through the breakdown of rock through the process of rock ‘spalling’ (Selkirk 
& Adamson 1981). In terms of the formation of topsoil, Walker & Coventry’s (1976) research is 
indicative, finding that an organic profile in alluvium was established within ~1000 years. 
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Soil Erosion Rates 

García-Ruiz et al. (2015) carried out an analysis of erosion rates around the world, and found 
extremely high variability in reported rates, with much of the variability related to: the size of the 
study area involved; differing measurement methods; and the duration of the experiment. 
However, positive relationships were found between erosion rates and slope and annual 
precipitation; there was also a significant land use effect, with agricultural lands yielding the 
highest erosion rates, and forest and shrublands yielding the lowest. 

Long-term soil erosion rates have been measured at various sites in Australia. Humphreys & 
Mitchell (1983) for example, determined average soil erosion rates in sandstone landscapes in 
the Sydney Basin at 2.9-61 millimetre per 1000 years (or 0.04-0.86 t/ha/yr, assuming an 
average bulk density of 1.4 g/cm3). Bierman & Caffee (2002) sampled granitic landscapes along 
a transect in central Australia and found erosion rates of only 0.3-5.7 millimetre per 1000 years 
(or 0.0042-0.08 t/ha/yr). Heimsath et al. (2010) reported erosion rates determined from in situ 
cosmogenic beryllium-10 (10Be) across a spectrum of Australian climatic zones and found that 
climate has a major effect on erosion rates: the highest rates, averaging 35 millimetre per 1000 
years (0.490 t/ha/yr), were from sites in south-eastern NSW. 

Modern soil erosion rates have been calculated from a range of agricultural and cropping 
landscapes in NSW (Edwards 1991) and indicate losses sometimes several orders of 
magnitude greater than natural rates. Lu et al. (2001) used these field data to model sheet and 
rill erosion on a monthly basis across Australia, and to determine the ratio between current and 
pre-European hillslope soil erosion. The results indicated that modern erosion rates are several 
orders of magnitude in excess of geologic rates. The greatest increases were found to occur in 
agricultural land uses, although rates from many forested catchments were also elevated. 

Tolerable Soil Erosion Rate 

The concept of the ‘tolerable soil erosion rate’ is defined as ‘any actual soil erosion rate at which 
a deterioration or loss of one or more soil functions does not occur’ (Verheijen et al. 2009); it is 
considered that the upper limit of tolerable soil erosion is equal to the soil formation rate. Soil 
formation rates are generally far less than rates of human-induced erosion (Beckmann and 
Coventry 1987; Edwards 1988; Fifield et al. 2010) and land management practices such as fire 
may further exacerbate these deficits. Furthermore, even small increases in excess of natural 
and historical soil production rates can have disproportionately large consequences, as the 
moisture and nutrient holding capacity of soils tends to decrease rapidly with depth, so that 
even low levels of exacerbated sheet or rill erosion may have disproportionately large impacts 
on issues such as soil productivity and catchment hydrology. 

Fire History and Soil Erosion Rates 

In forests and other areas under native vegetation, soil erosion rates tend to be highly 
correlated with the incidence of ground cover and rainfall. Therefore, medium- to long-term 
erosion rates will be affected by fire regimes, and this relationship has been the basis for much 
stratigraphic research (e.g. Hughes & Sullivan 1981; Singh et al. 1981; Singh & Geissler 1985; 
Banks 1988; Kershaw et al. 2002; Black & Mooney 2006; Lynch et al. 2007; Mooney et al. 
2012). 

Mooney et al. (2012) conducted a major study into rates of charcoal and sediment deposition in 
order to better appreciate the impact of Aboriginal use of fire. They found that the dominant 
signal in the record was a climatic signal – until about 200 years ago, when fire severity and 
frequency dramatically increased (see also Soil Conservation Service of NSW 1983; Banks 
1988). They concluded that Aboriginal people used fire selectively, concentrating on the more 
potentially productive landscape types (see also Kohen 1995; Benson & Redpath 1997). 

This suggests that appropriate and geomorphically sustainable fire regimes need to be devised 
for each landscape type, rather than applying general prescriptions. In particular, it is 
reasonable to propose that prescribed burning in landscapes that evolved with naturally low 
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severity fire will not increase the risk of unacceptable soil-related impacts. Conversely, it is also 
reasonable to propose that prescribed burning in landscapes that did not evolve with low-
severity fire will increase the risk of unacceptable soil-related impacts. 

These conclusions may have major implications for our understanding of the impacts of more 
recent fire regimes, especially in higher rainfall regions, where rates of soil erosion and 
sedimentation are generally contained, due to high percentages of ground cover (Brooks et al. 
1997). Once ground cover is lost, areas of high rainfall erosivity become highly susceptible to 
soil erosion. 

Definitions 

Fire Regime 

The term ‘fire regime’ encompasses: 

• fire severity 

• fire frequency  

• the burn season 

• the spatial pattern of the burn, including patchiness.  

The fire regime of a site, whether a rare, severe, summer wildfire that consumes vegetation and 
soil organic matter over large areas, or a semi-regular, low severity, prescribed HR burn that 
results in a patchy burn pattern with retention of most soil organic matter, is generally 
acknowledged as an important factor determining erosion risk and water quality impacts (Arkle 
& Pilliod 2010; Benavides-Solorio & MacDonald 2005; Richter et al. 1982; Cawson et al. 2012). 

Fire Severity and Intensity 

Of the four elements of a fire regime, fire severity impacts on a number of factors that are 
relevant to the determination of soil erosion under the RUSLE. Fire severity comprises two key 
factors: 

• peak temperature (or intensity of the fire) 

• duration of the fire at a site. 

Intensity is related to the energy generated in the combustion process, measured in kilowatts 
per metre (kW/m) of fire front. Fire severity takes into account additional factors that affect the 
combustion process, including the: 

• amount, nature and moisture of live and dead fuel 

• air temperature and humidity 

• wind speed 

• topography of the site (Certini 2005). 

A mild fire, such as a properly conducted HR burn, may produce up to ~350 kW/m (McArthur 
1967), and attain temperatures within the range 90-400 oC (Humphreys & Lambert 1965; Craig 
1968; van Loon 1969; Watson 1977). The crown layer is generally retained, as is some of the 
understorey and litter layer, and much if not most of the organic matter in the Organic (O) and 
Aluminium (A1) horizons (topsoil) in the soil, leaving a layer of ash and coarse debris protecting 
the soil (Underwood et al. 2008). 

A medium intensity fire may produce 1700-3500 kW/m, and a high intensity fire 3500->7000 
kW/m, as a result of which soil surface temperatures may reach in excess of 400-800 oC 
(Humphreys & Lambert 1965; Roberts 1965; Cromer & Vines 1966; Craig 1968; Tunstall et al. 
1976). Under these conditions, there may be complete crown and understorey loss, complete 
combustion of litter on the soil surface, and combustion of soil organic matter down to depths of 
greater than several centimetres. 
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An extreme fire may generate 20,000-60,000+ kW/m (Bushfire Front Inc. n.d.), with 
temperatures in excess of 1500 oC (Neary et al. 1999). 

Fire severity is therefore strongly correlated with the crucial RUSLE cover factor. The more 
severe fires may also induce changes in various physical properties of the soil that affect soil 
erodibility and infiltration-runoff ratios (see below). 

Fire Frequency  

Fire frequency is relevant to the chance of recently burnt areas with low percentages of ground 
cover receiving erosion-inducing rainfall soon after a fire event. The greater the proportion of 
time that the soil surface is recovering from fire-induced loss of cover, the greater is the chance 
of such an event occurring. A frequent fire regime may also produce significant long-term 
cumulative impacts, as opposed to acute event-specific impacts, including changes to 
vegetation and litter dynamics, and changes to soil structure and other properties. 

Burn Season 

The chance of receiving erosion-inducing rainfall soon after a fire event may be reduced or 
increased to some extent by the seasonality of the burn. The most erosive rainfall events are 
generally associated with intense convective storms, as a result of which rainfall erosivities are 
often particularly high in north-eastern NSW. The seasonality of fire also affects fire severity – 
late dry season fire for example, can be more difficult to manage than a cool winter burn, due to 
drier fuels, higher temperatures and lower humidity levels. 

Spatial Pattern 

The spatial pattern, including patchiness, of a fire is relevant to the effect of surface runoff on 
erosion, due to the slope length factor. After the RUSLE cover C-factor, slope and slope length 
are the variables that generally have the greatest impact on soil erosion predictions. A HR burn 
that leaves unburnt patches on hillslopes and/or as filter strips in drainage lines, and retains 
large obstacles such as logs, will reduce both the effective slope length and cover factors. 
Cawson et al. (2011) found that unburnt patches on a burnt hillslope are highly effective at 
reducing runoff and sediment from burnt areas above –for rainfall events with an ARI < 1 year, 
sediment loads were reduced by 92-99%. 
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Priority Research Questions 

Impacts of Different Bushfire Regimes on Nutrient and Carbon Cycling 

Impact of Fire on Nutrients Generally 

Soil fertility and nutrient supply are fundamental factors in controlling the functioning and 
distribution of plant, and therefore, faunal communities (Raison 1980). Nutrients enter the plant-
soil ecosystem in a limited number of ways, by: 

• precipitation 

• dust fall 

• N fixation  

• the geochemical weathering of rocks (DeBano et al. 1998). 

In geomorphically depositional sites, including floodplains, nutrients may also enter the system 
via overland flow, adsorbed to clay, silt and coarser particles. The nutrients may then be 
incorporated into living organic matter. The relative proportions of the available nutrients that 
are incorporated into living organic matter and standing biomass at any one time varies 
between different ecosystem types. In many Australian ecosystems, a significant proportion of 
total site nutrients are stored above ground (Raison 1980). That proportion is typically high in 
systems such as rainforests and forests on Quaternary sands; conversely, it is relatively low in 
grasslands and woodlands (Swift et al. 1979). Nutrients may be returned to the soil via litter fall 
and decomposition, and may be lost from the local system due to leaching, erosion and, under 
certain circumstances, denitrification (Figure 1). 

 

 

Figure 1. Nutrient cycling in a forest. Adapted from Attiwill (1980); Attiwill & Leeper (1987). 

Studies of soil-biomass-nutrient systems have tended to focus on quantifying the size of nutrient 
pools within different components of the ecosystem, and the pathways of cycling between these 
pools. Nutrient cycling in unburnt environments is largely regulated by the relatively slow 
processes of biological decomposition and mineralisation, whereby nutrients in dead biomass 
and soil organic matter are transformed into forms available to plants. The rate of 
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decomposition varies widely depending on moisture, temperature, and the types of organic 
matter. Nutrient losses from unburned ecosystems by erosion, leaching, and denitrification are 
usually low (DeBano et al. 1998). 

However, these cycling processes may be disrupted by disturbances, such as fire. Nutrients 
may be lost from soils during and following fire by: 

• volatilisation (vaporisation) 

• convection (lost to the atmosphere as particulates in smoke)  

• leaching (downwards into groundwater and throughflow) 

• erosion (of ash and nutrient-rich surface soil) (Figure 2). 

Volatilisation and convection can remove nutrients from living biomass, as well as from the litter-
soil system. Leaching and erosion affect largely mineralised materials. 

 

Figure 2. Nutrient losses from a burnt forest. Adapted from Attiwill (1980); Attiwill & Leeper (1987). 

The fate of nutrients volatilised or mineralised during the burning of vegetation and litter has 
been the subject of an enormous body of research since at least the 1930s, particularly in the 
USA, where much of this work has been undertaken in the context of production forestry (e.g. 
Fowells & Stephenson 1934; Heywood & Barnette 1934; Heyward 1937; Isaac & Hopkins 1937; 
Finn 1943; Bruce 1947; Burns 1952; Austin & Baisinger 1955; Fuller et al. 1955; Knight 1966; 
Brender & Cooper 1968; De Bell & Ralston 1970; Wells 1971; Lewis 1974; Grier 1975; Wells & 
Jorgensen 1975; Christensen 1977; Kodama & VanLear 1980; McKee 1982; Covington & 
Sackett 1984; Boyer & Miller 1994; see especially the major reviews by Lutz & Chandler 1946; 
Wells et al. 1979; Christensen 1994 and Gessel & Harrison 1999). 

The fate of nutrients is particularly important in Australia, where most forests grow on nutrient-
poor soils that receive very low rates of nutrient input from weathering, rainfall or N fixation. The 
issue has been examined in relation to the management of pine plantations on poor, sandy 
soils, where the margin for error is slight (e.g. Stephens & Bond 1957; Flinn et al. 1979), and 
extensively researched in the context of native forestry (e.g. Floyd 1964; Humphreys 1966; 
Henry 1961; Pryor 1963; Harwood & Jackson 1975; Raison 1980; Adams & Attiwill 1984; see 
especially the major reviews by Humphreys & Craig 1981; and Attiwill & Leeper 1987). 

Much of this work has investigated the biogeochemical cycle of N and phosphorous (P), with 
lesser attention directed to elements such as potassium (K), calcium (Ca), magnesium (Mg), 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

 

14 

 

copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn). Much of the research has examined the 
effects of fire on particular components of the nutrient cycle, such as: the nutrient content of 
litter (O’Connell et al. 1979); changes in the size of the soil nutrient store and its availability 
(Hatch 1960; Humphreys & Lambert 1965; Grove 1977; Hatch 1977); the role of recolonising 
plants in nutrient conservation (Turner & Lambert 1977); the effects of soil fauna and soil 
microbiology (Renbbuss et al. 1973; Springett 1976); soil N transformations (Raison 1976); and 
losses from the system in smoke (Vines et al. 1971; Harwood & Jackson 1975). 

However, measurement of nutrient losses resulting from fires is extremely difficult and the 
results are often highly variable (Attiwill & Leeper 1987; Adams & Attiwill 2011). Furthermore, 
due to the complexity of nutrient transformations, it has proven to be extremely difficult to arrive 
at firm conclusions and consensus regarding the effects of any nutrient losses, and many 
research areas related to fire-nutrient cycling remain contested. Raison (1980) for example, 
focused on measuring changes in the rates of nutrient cycling processes, and using these as an 
index of the effects of fire on forest ecosystems, whereas Attiwill & Leeper (1987) have focused 
on the availability of nutrients and measurable productivity outcomes. 

Impact of Fire on Soil Organic Matter and Nutrient Losses 

Most of the nutrients in a soil are located in the O horizon and the A horizon. Organic matter is 
the main source of virtually all the available N and most of the available P and S in terrestrial 
soils (Flinn et al. 1979; DeBano et al. 1998) and is an important source of other nutrients, such 
as ammonium (NH4

+), K, Ca, Mg, Cu, Fe, Mn and Zn. Moreover, despite its limited depth range, 
soil organic matter can provide over 50% of the cation exchange capacity of some forest soils 
(DeBano et al. 1998). 

The size of these nutrient pools will vary depending on the type of soil-ecosystem, which in turn 
will be determined by factors including regolith and soil type, climate, and time – generally, the 
longer the period without fire, the greater the size of the nutrient pool contained in the litter and 
O/A layers (Adams & Attiwill 2011). Therefore, in order to understand the effects of fire on 
nutrient pools and cycling, it is necessary to understand the impacts of fire on soil organic 
matter in the topsoil layers. 

Effects of Soil Heating and Volatilisation 

The impact of fire on soil organic matter (and other aspects of soil chemistry), including how 
much of the various elements are lost in gaseous form, is dependent on fire severity (Flinn et al. 
1979; Humphreys & Craig 1981; Certini 2005; Keeley 2009) and the temperature of vaporisation 
for each element. 

Actual soil temperatures however will depend on the duration of the fire and soil-related factors, 
including: 

• the thermal conductivity of the soil 

• the bulk density, including porosity, of the soil 

• the moisture content of the soil (Humphreys & Craig 1981). 

Dry soils, sandy soils, and soils with low bulk density have a lower specific heat and greater 
thermal conductivity than moist soils, clay soils and soils with higher bulk density. Generally 
however, even high intensity fires typically heat only the uppermost 100 mm of soil (Henderson 
& Golding 1983; Walker et al. 1986; DeBano 2000), with steep temperature gradients down the 
profile so that temperatures at 50 mm in the mineral soil rarely exceed 150 o (DeBano 2000; 
Certini 2005). 

Loss of organic matter commences at relatively low temperatures (<100 0C) (Table 1), and 
certain elements including C, N (as nitrate NO3

-) and S, begin to volatilise at temperatures of 
~100-200 0C (Tiedemann 1987). Therefore, these elements are susceptible to loss by even low 
severity burns. At temperatures between ~200 and 300 0C, destructive distillation results in the 
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loss of ~85% of organic matter, and nutrient constituents that are not volatilised at these 
temperatures are mineralised. 

At temperatures of ~450-500 0C, ~99% of organic matter is combusted (Fernandez et al. 1997; 
DeBano et al. 1998). Inorganic P and K are volatilised at moderate temperatures (~770 oC); and 
inorganic Ca and Mn at much higher temperatures (1484 oC and 1962 oC respectively) (Raison 
et al. 1985a; Neary et al. 1999). 

 

Soil Property Threshold 
Temperature 
oC 

Source 

Plant roots 48-54 Hare 1961 

Fungi 60-80 Dunn et al. 1985 

Bacteria 80-120 Dunn & DeBano 1977 

Organic matter 100-220 Hosking 1938 

Nitrogen 200 White et al. 1973 

Soil hydrophobicity 250 DeBano & Krammes 1966 

Soil structure 300 DeBano 1990 

Sulfur 375 Tiedemann 1987 

Clay alteration 460-980 DeBano 1990 

Phosphorus & potassium 774 Raison et al. 1985a 

Magnesium 1107 DeBano 1990 

Calcium 1484 Raison et al. 1985a 

Manganese 1962 Raison et al. 1985a 

Table 1. Threshold temperatures for combustion/volatilisation/alteration of soil 
properties/elements (after DeBano et al. 1998). 

N is essential for certain enzymatic reactions in plants, and symptoms of deficiency include poor 
growth, chlorotic leaves, lack of vigour and death. Due to the fact that virtually all the N in a soil 
is located in organic matter, the proportion of NO3

- volatilised to N2 (DeBell & Ralston 1970; 
Fisher & Binkley 2000) is related to the combustion of organic matter, and therefore, to fire 
severity (Certini 2005). Very little N is lost at temperatures <200 0C; complete loss occurs at 
>500 0C (White et al. 1973; Kutiel & Naveh 1987; Kutiel & Shaviv 1989; Kutiel & Shaviv 1992; 
Quintana et al. 2007). In high intensity fires, organic N is converted to NH4

+, which later converts 
to the mobile NO3

- as a result of nitrification (Covington & Sackett 1992), which can then be 
quickly leached downwards (Mroz et al. 1980; Prieto-Fernandez et al. 1993) and out of the 
available nutrient pool (see also De Bell & Ralston 1970; Grier 1975; Binkley et al. 1992; 
Kauffman et al. 1993). Such losses are likely to be greater where soil texture is coarse or where 
there has been considerable loss of organic matter (Christensen 1994). However, calculating 
the precise effect of fire on soil N pools has been difficult due to the complicated response of N 
to fire, and its potential relationship to site productivity (Wan et al. 2001). 

Fire does not have the same impact on P, because fire converts organic P to insoluble 
orthophosphate (Cade-Menum et al. 2000), which binds to Al, Fe and Mn oxides, particularly in 
acidic soils. Furthermore, the threshold temperature of volatilisation for P is significantly higher 
than for N. Therefore, in many burns, losses of P due to volatilisation and leaching are generally 
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relatively minor (Certini 2005), although these may still be significant in the nutrient-poor 
Australian context. 

The behaviour and availability of micronutrients such as Fe, Mn, Cu, Zn, B and molybdenum 
(Mo) with respect to fire is not fully understood however, because specific studies are lacking 
(Certini 2005). 

Convection 

Much of the nutrient losses from fire occurs in the convective smoke column. Allen (1964) found 
that approximately half of the C, N and S from a burnt heath was lost in smoke. Flinn et al. 
(1979) studied the effects of a moderately intense post-log fire in a pine plantation in south-west 
Victoria, and found that 72% of the N was lost due to ash convection and volatilisation. Losses 
of P, K, Ca, Mg, S, Fe and Mn were between 16 and 40%, which, it was considered, could 
affect productivity in the sandy podzols of the site (see also Lewis 1974; Harwood & Jackson 
1975 and Clayton 1976). The most significant work carried out in Australia that has examined 
the nutrient content of smoke from prescribed burns has been undertaken by the CSIRO in the 
Brindabella Ranges (Raison et al. 1985a). 

Leaching  

A further potential mechanism for nutrient loss is the leaching of nutrients in the forms of ash 
and soluble elements down through the soil profile. Studies of soil leachate after burning have 
shown increased levels of total P (McColl & Grigal 1975; Knighton 1977; see also Fowells & 
Stephenson 1934; and Isaac & Hopkins 1937), although the relevance of this work to Australian 
conditions is unclear. Again, this process could be especially significant in sandy soils (Cole et 
al. 1975; Flinn et al. 1979), due to the low availability of inorganic cation exchange sites and low 
buffering capacity in such materials (Humphreys & Craig 1981). 

Erosion 

Fires, especially hotter fires, produce a highly nutrient-enriched fine grey ash. This material is 
predisposed to loss by water and wind erosion, and even small removals from a site either 
during or after a fire could result in significant losses from the system (Raison et al. 1983). For 
example, Leitch et al. (1983) found that a single intense rainstorm shortly after the Ash 
Wednesday fires removed ash and soil equivalent to 22 t/ha, which was equivalent to 
approximately one third of the N in the above-ground biomass. 

Post-fire erosion losses may also occur as a consequence of individually less significant but 
repeated erosion losses following prescribed low severity burns, and these may cumulatively 
amount to a significant impact on nutrient supply (Thomas et al. 1999; see also Leitch et al. 
1983). This matter is discussed in greater detail below. 

Summary 

Most of the nutrients in a soil are located in the O horizon and the A horizon. The pool size of 
topsoil fertility is therefore diminished by fire (Oswald et al. 1999; Badia & Marti 2003), 
particularly with respect to C, N and S. Nutrients may also be lost by convection, leaching and 
erosion of the nutrient-enriched ash. The relative impact of any given fire on the nutrient pool 
will be potentially greater where the fire is severe (Fernandez et al. 1997; Gonzalez-Peres et al. 
2004; Terefe et al. 2008) and occurs in vegetation that has not been burnt for extended periods. 
However, the pool size of certain elements may be reduced as a result of even cool-moderate 
intensity fires, and concerns have been raised that frequent repeated burning may also 
cumulatively deplete sites of nutrients and interrupt nutrient cycling (Raison 1980). 
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Impact of Fire on Nutrient Bio-availability 

The Ash Bed Effect and Bio-availability 

Fires tend to reduce the size of soil-ecosystem nutrient pools. However, the concentration and 
bio-availability of many nutrients generally increases as a result of the combustion of soil 
organic matter and the mineralisation of nutrients (Humphreys & Lambert 1965b; Cromer 1967; 
Humphreys & Craig 1981; Khanna & Raison 1986; Tomkins et al. 1991; Chambers & Attiwill 
1994; Christensen 1994; Khanna et al. 1994; Inglesias et al. 1997; Quintana et al. 2007; Pereira 
et al. 2012; Yusiharni & Gilkes 2012). This process of mineralisation and concentration is known 
as the ‘ash-bed effect’ (Fowells & Stephenson 1934; Pryor 1963). 

The chemical processes involved and the resultant degree of concentration is highly contingent 
on a number of factors, including: 

• the type of nutrient 

• the type of fuel 

• fuel densities 

• fuel moisture content 

• the amount of fuel consumed 

• the severity of burning 

• soil properties 

• pathways of leaching and other forms of removal (Kutiel & Shaviv 1992; Gillon et al. 1995; 
Pereira et al. 2012). 

It has been found following fire that Ca may be concentrated 10-50 times, Mg 10-35 times, and 
P 10 times (DeBano & Klopatek 1988; Etiegni et al. 1991; Ulery et al. 1993; Khanna et al. 1994; 
Giardina et al. 2000; Badia & Marti 2003; Ferran et al. 2005; Galang et al. 2010). 

Due to volatilisation however, plant ash generally contains little N (Raison et al. 1985b; Khanna 
et al. 1994). However, fire may stimulate the rate of N fixation by encouraging the germination 
of nodulated plant species such as Acacias, Casuarinas and legumes (Adams & Attiwill 1984, 
1986; Johnson & Curtis 2001; May & Attiwill 2003). 

Fire may also cause mineralogical changes in soils subjected to fire (Ulery et al. 1996; 
Ketterings et al. 2000; Eggleton & Taylor 2008; Nornberg et al. 2009; Yusiharni & Gilkes 2012). 
It is thought that some of the compounds formed may have a high capacity to adsorb ions and 
may affect soil fertility (Ketterings et al. 2000), although these processes are poorly understood. 
Probably of greater significance is the formation of calcite and other salts in ash (Humphreys et 
al. 1987; Etiegni et al. 1991; Yusiharni et al. 2007), which tends to increase the electrical 
conductivity (EC) and pH of the soil (Ulery et al. 1993; Quintana et al. 2007), thereby increasing 
the availability of pH-dependent elements (Truog 1946). Fire may also be important in 
redistributing nutrients through the soil profile (Fisher and Binkley 2000). 

The Significance of Nutrient Losses and Cycling 

According to some, increased bio-availability of nutrients may offset losses from the system, 
especially in the short-term. Adams & Attiwill (2011) for example, considered that the most 
important principle in forest nutrition is the amount of bio-available nutrients in circulation, rather 
than the total size of the pool of nutrients in soil and woody material. This may be the case in 
relation to P, which is often bio-unavailable and limiting, but may be altered in favour of greater 
availability to plants after soil heating (Humphreys & Lambert 1965b) due to lowering of the N:P 
ratio caused by N losses (Adams & Attiwill 2011). However, there are differing views on the 
processes, magnitude and significance of P losses (see e.g. Raison 1980; Raison et al. 
1985a,b; Bowman et al. 1986; Jackson 2000; cf. e.g. Attiwill 1992, 1994; Jurskis 2005a,b; 
Jurskis & Turner 2002). The former authors point to the depletion of supply; the latter argue that 
fire is essential to refresh P-cycling, species diversity and productivity. 
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Effects of Low Severity Fire on Nutrients 

The relative magnitude and significance of the processes of combustion, volatilisation, 
convection, leaching and erosion therefore depend partly on fire severity and intensity (De 
Ronde 1990; Andreu et al. 1996), and partly on post-fire conditions. 

In general, there are important differences in the effects of low severity and higher severity 
burns. Although there are fewer studies on the effects of low severity HR fire on nutrient levels 
(e.g. Richter et al. 1982; Covington & Sackett 1992; Murphy et al. 2006; Outeiro et al. 2008; 
Scharenbroch et al. 2012), it is clear that in relation to volatilisation, a smaller proportion of the 
nutrient supply is lost compared to wildfire, although as a proportion of that lost, more C, S and 
N are removed due to their lower temperatures of volatilisation. Similarly, losses in smoke are 
expected to be lower in most HR burns compared to a high severity burn. The potential for 
erosive losses is also greatly diminished in a properly conducted HR burn, due to partial 
retention of soil organic matter and ground cover. 

However, some of these losses can still be significant in the Australian context. The nutrient 
content of smoke from a prescribed burn in a snow gum forest was studied by Raison et al. 
(1985a). They measured the transfer of N, P, K, Ca, Mg, Mn and boron (B) to the atmosphere 
and found that 54-75% of the N, 37-50% of the P, 43-66% of the K, 31-34% of the Ca, 25-49% 
of the Mg, 23-49% of the Mn, and 35-54% of the B were lost from the local ecosystem from the 
burn. They calculated that the replacement times for losses in the smoke was 11 years for N 
and 20 years for P. DeBano & Conrad (1978) measured 10% loss of N from a prescribed burn 
in southern Califormia; the loss of N was greater when soils were dry, compared to when the 
litter and soil were moist (DeBano et al. 1979). HR burns can also increase the mobility of 
inorganic ions in the litter and topsoil by either leaching or erosion via overland flow (Rowe & 
Hagel 1974; Adams & Attiwill 2011). 

The actual ecosystemic or production impact of these losses has been harder to detect. Hatch 
(1959), working in jarrah forests of Western Australia, could find no significant differences in pH, 
soluble salts, organic C, and exchangeable Ca, Mg, K, and Na between sites that had been 
subjected to frequent burning compared to a site that had been protected from fire. Similarly, 
van Loon (1969), working near Taree in NSW, and van Loon & Love (1973), working near 
Whiporie in NSW, detected no changes from control plots in P, total N, Al, Ca, Mg, K and Na 
eight to 10 years after a burn. Even in low nutrient sites, Richards (1976) could not detect 
significant differences between sites on Fraser Island burnt in 1939 and 1974. In a study of low 
severity prescribed fire in pine stands in the US, Binkley et al. (1992), observed that site 
productivity was unaffected. 

Humphreys & Craig (1981) however, realised that the effect could be significant on nutrient-poor 
sites as the quantity of mineral nutrients released would represent a greater proportion of that 
present in the soil (see also Raison 1980). It is also likely that any negative effects from HR 
burning may be more complex and take longer to become manifest. For example, Woods & 
Raison (1983) noted that major releases of bio-available organic nutrients did not occur until 
litter had undergone several years of decomposition in moist conditions. In dry sclerophyll 
forests however, the frequency of prescribed HR burns may not allow this process to complete 
(Raison et al. 1983), as repeated, frequent burning would tend to dry these deeper litter/organic 
layers and hence reduce decomposition. This complexity is underlined by a study into the role 
of fire and nutrient dynamics in Tasmanian forests, where McIntosh et al. (2005) concluded that 
nutrient loss by frequent fire encouraged fire-tolerant vegetation adapted to lower soil nutrient 
status, and this produced a feedback mechanism that caused further progressive soil nutrient 
depletion. 

Views on the effects of prescribed low severity burning on nutrient supply and cycling are 
disparate and contingent on many factors. Certini (2005) concluded that ‘if plants succeed in 
promptly recolonising the burnt area [i.e. if significant soil erosion losses are avoided], the pre-
fire level of most properties can be recovered and even enhanced.’ 
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Similarly, Adams & Attiwill (2011) noted that ‘the literature with respect to nutrients and fuel-
reduction fires … has been interpreted by some as containing warnings about the risks of fuel-
reduction fires due to nutrient losses. Yet these risks are so remote under the current, and any 
likely future, scenario of fuel reduction at the landscape scale as to be of minor consequence.’ 

Nevertheless, nutrient-poor systems, and particularly those which depend for their long-term 
stability on efficient nutrient accumulation, retention and recycling processes, are likely to be 
more sensitive to disturbance caused by regular burning (Raison 1980). 

The CSIRO summarised the dilemma that faces land managers in relation to fire and nutrient 
cycling: if burning occurs too frequently, there is a cumulative risk of loss of soil nutrition; if the 
interval between burns is too long, the risk is one of wildfire, with potentially greater nutrient loss 
and disruption to nutrient cycling, and a longer period before recovery is attained (CSIRO 1999). 

Impact of Fire on the Carbon Cycle 

Forms of Organic Carbon 

The organic C in soils is stored in a number of forms, or pools, which vary in their rates of 
decomposition. The main forms are: 

• living vegetative and microbial C 

• labile (bio-available) C, with a turnover of less than five years 

• residual and particulate C, including dead vegetative matter 0.053-2.0 mm diameter, with a 
turnover up to 40 years 

• biologically stable organic C, typically in the form of humus, charcoal and ‘black carbon’, 
with a turnover in hundreds to thousands of years. 

Soil organic matter comprises the labile, residual and biologically stable organic C forms, and is 
a significant source of C, often containing ~50 % C. C stored in stable forms is effectively 
removed from the C cycle. However, stable forms can have important functions. Humus, for 
example, whilst biologically stable, retains soil moisture, improves soil structure, and is 
important in cation exchange. 

Factors Affecting Organic Carbon Pools 

The size of the living vegetative pool is related to the rate at which plants fix and emit carbon 
dioxide (CO2). This rate will vary between different vegetation types, which in turn are 
determined by factors including climate, soil, and the way the vegetation is managed, especially 
the frequency and severity of fires. The size of the labile pool is related to biological activity and 
nutrient cycling, particularly available N, which typically becomes available at a C:N ratio less 
than ~22:1 (Hoyle et al. 2006). 

The capacity of soils to store organic matter is largely determined by land use, soil type, and 
site and landscape factors, and fire-related factors such as the seral stage of vegetation and soil 
recovery following previous fire. The main site factors related to the amount of organic matter 
are: the topographic position on the slope – lower slopes are relatively moister than upper 
slopes; and slope aspect – south- and east-facing slopes are relatively moister than north- and 
west-facing slopes. The percentage of clay in the soil is correlated with increased water-holding 
capacity of soils and therefore moisture status, which in turn is related to biological activity and 
the accumulation and cycling of soil organic matter. Thus, soil organic matter and C are 
generally greatest in sheltered slopes in higher rainfall regions on clay-rich soils. 

Land use change will impact on soil organic C mainly due to its effects on C cycling. Forest soils 
in particular can store significant amounts of organic C in litter and upper soil layers. Conversion 
from native vegetation to agriculture typically reduces soil C by 20 to 70% (Luo et al. 2010; 
Sanderman et al. 2010). Total soil C tends to not change significantly unless there is a change 
in land use, but significant changes to the relative proportions of the various components of the 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

 

20 

 

soil organic matter pool may be affected by changes in land management, including aspects of 
the fire regime. 

Impact of Fire on Organic Carbon 

Fire, even low severity prescribed burning, can potentially have significant impacts on soil 
organic matter and C due to the low temperature of volatilisation for C (Tiedemann 1987; 
Prentice et al. 2001). The amount of C consumed and volatilised is related to increased soil 
temperature, and therefore to fire intensity and severity (Figure 3) (Campbell et al. 1977; 
Giovannini & Lucchesi 1997; Hille & den Ouden, 2005; Homann et al. 2011). The different forms 
of soil organic matter can be impacted differentially by fire: Hoyle & Murphy (2006) for example, 
showed that the proportions of labile and microbial biomass C were reduced markedly after 17 
years of repeated burning. 

 

 

. 

 

Figure 3. Temporal changes in soil 
organic matter content following low 
and high fire severity (after Tessler 
et al. 2008) 

 

However, fire may also produce 
new, pyrogenic forms of C. Fire may 
transform soil organic C into stable 
C forms such as ‘black carbon’ 
(Gonzalez-Perez et al. 2004), 
produced by incomplete combustion 
of plant material, and which can be 
an important reservoir for nutrients, 
especially in tropical environments. 
Black C may comprise up to 30% of 
the total C stored in soils, and 

may be an important long term C sink (Schmidt et al. 2001). Prescribed fires can convert 
variable amounts of biomass into a variety of black C forms. However, it appears that little is 
known about the forms of black C produced and the rate (and efficiency) of conversion. 

Charcoal is formed by pyrolysis, in the absence of oxygen. Although charcoal represents a 
relatively minor portion of available biomass burned in wildfires and low severity burns, its 
recalcitrant properties confer residence times ranging from centuries to millennia, with 
significance for C sequestration in frequently burned forests (Lehman et al. 2008). It may also 
contribute to the water-holding capacity, ion exchange complex and active particle surface area 
of the soil environment (DeLuca & Aplet 2008). Fuel reduction burns are likely to result in an 
increase in the amount of ‘recalcitrant’ pyrogenic C (Preston & Schmidt 2006; Adams & Attiwill 
2011). However, there have been no significant studies of the relationship between fuel 
reduction fires and pyrogenic C in Australia and international research is minimal (Adams & 
Attiwill 2011). Almost all of the data have come from research into bushfire and forest 
regeneration burns (Hopmans et al. 2005). 

Perhaps the most significant work undertaken in south-eastern Australia is that of Volkova et al. 
(2014), working in dry Eucalyptus forests in eastern Victoria, who found significant differences in 
C emissions between sites subjected to HR burning compared to wildfire. Less than 3% of soil 
C was transferred to the atmosphere in HR burning; a subsequent wildfire transferred a further 
6% to the atmosphere. In nearby site last burnt 25 years previously, the wildfire burning 
transferred 16% of forest C to the atmosphere, which suggested a significant potential for HR 
burns to mitigate greenhouse gas emissions. Fuel-reduction burning, whilst resulting in short-
term C losses, can decrease the severity of a subsequent large fire and lead to smaller C 
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emissions over the long-term; fire-suppressed forests, on the other hand, can contain more C 
that is more vulnerable to catastrophic release (Hurteau et al. 2008; Read 2010). 

Conclusions 

High severity wildfires can impact on the C storage capacity of ecosystems and soils for 
decades to centuries. In comparison, individual prescribed HR burns typically result in lower 
losses of C by volatilisation, convection and other pathways. Prescribed low severity fire can 
potentially reduce catastrophic vaporisation of C stocks and C emissions from unplanned fires 
(Association for Fire Ecology 2009) and the use of prescribed burns for C emission abatement 
via mitigation of wildfire impacts has been discussed in North America (Hurteau et al. 2008) and 
in Europe (Narayan et al. 2007). Prescribed fire has been used in northern Australia for 
greenhouse gas emission abatement by reducing fuel through low intensity burns in the early 
dry season, thus decreasing the severity and extent of subsequent unplanned late dry season 
wildfires (Russell-Smith et al. 2009). The Savanna Burning methodology is an approved 
methodology for greenhouse gas emission abatement under the Australian Carbon Farming 
Initiative (CFI) (Department of Climate Change and Energy Efficiency 2012). 

However, the potential for HR burning to reduce total C emissions and increase storage 
generally requires a more detailed understanding of the dynamics of combustible biomass pools 
in a range of different ecosystems (Bradstock & Williams 2009; Bradstock et al. 2012a,b). This 
potential of prescribed burning will vary between different ecosystems, owing to differences in 
the efficacy of HR burning in reducing unplanned fire activity and soil and landscape factors. In 
temperate eucalypt forests for example, the potential for HR burning to produce a net reduction 
in C emissions is considered to be low, according to Bradstock et al. (2012b), and in relation to 
tall forests, Underwood et al. (2008) concluded that insufficient research had been carried out 
into the differential impacts of wildfires and low severity burning on the C cycle. Even advocates 
for enhanced prescribed HR burning have concluded that further research is required to more 
fully understand C storage and emission trade-offs associated with managed versus wildfire 
regimes (Association for Fire Ecology 2009). Unfortunately, the various factors that comprise a 
fire regime, and the interactions of fire with different soils and vegetation types, make the 
research task difficult and complex. 
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Impact of Different Bushfire Regimes on Soils and Erosion 

Background 

Despite the differences in the literature concerning the relative significance of the effects of fire 
on the overall size of the litter-soil nutrient pool versus the increased bio-availability of certain 
nutrients, in many cases, post-fire erosion of soil, organic matter and ash can be the most 
significant impact of fires. This section therefore focuses on the erosion of surficial soil materials 
by overland flow. 

There is a vast body of research into the effects of wildfires on soil erosion and related impacts. 
Much of this research has examined soil erosion processes operating at the plot or hillslope 
scale: (e.g. Prosser & Williams 1998; Benavides-Solorio & MacDonald 2001; Dragovich & 
Morris 2002; Cerda & Lasanta 2005; Doerr et al. 2006; Sheridan et al. 2007; Spigel & 
Robichaud 2007; Pierson et al. 2008; Smith & Dragovich 2008), or at the catchment scale (e.g. 
Scott et al. 1998; Moody & Martin 2001; Istanbulluoglu et al. 2004; Moody & Martin 2004; Kunze 
& Stednick 2006; Lane et al. 2006; Mayor et al. 2007; Rulli & Rosso 2007; Moody & Martin 
2009). 

However, while fire severity is recognised as being an important variable affecting post-fire 
runoff and erosion (Brown 1972; De Luis et al. 2003; Shakesby & Doerr 2006), there appears to 
be relatively few studies that have compared the effects of different fire severities (exceptions 
being Dragovich & Morris 2002; Benavides-Solorio & MacDonald 2005; Ferreira et al. 2005; 
Doerr et al. 2006), and even fewer studies specifically on the effects of prescribed low severity 
fire on soil properties and erosion rates (e.g. Robichaud 2000; Coelho et al. 2004; Cerda & 
Doerr 2005; Hubbert et al. 2006; Moffet et al. 2007). 

Factors Affecting Soil Erosion 

Precipitation may be intercepted by various strata of vegetation or the litter layer. That which 
reaches the soil may either infiltrate or run over the surface. The proportion of precipitation that 
results in overland flow, i.e. the runoff/infiltration ratio, and therefore produces soil erosion, is 
controlled by the intensity of the rainfall, and by a range of soil surface-related conditions. The 
key soil surface- and site-related factors that determine the runoff/infiltration ratio for any given 
rainfall intensity are: 

• cover, including the litter layer 

• soil-related factors, including 

o soil hydrophobicity 

o soil structure 

o soil depth to less permeable materials 

o antecedent soil moisture conditions 

• the slope and slope length of the site. 

Rainfall Erosivity 

Raindrop size plays an important role in detaching individual soil particles, and therefore making 
them available for subsequent movement by water (Zuazo & Pleguezuelo 2009). The kinetic 
energy of a moving object (E) is equal to its mass x speed2. As water droplets grow in size, their 
speed also increases, such that the energy of a five millimetre raindrop is potentially 500 times 
greater than that of a one millimetre drop. Rainfall erosivity (the R factor) is a combination of E 
and rainfall intensity I30 (the maximum intensity of rain in 30 minutes expressed in mm/hr). Rain 
splash erosion rates are significantly correlated with the rainfall erosivity index EI30 (Angulo-
Martinez et al. 2012), a conclusion confirmed in the Mount Lofty Ranges in South Australia by 
Morris et al. (2010). 
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The largest surface runoff and erosion events occur during intense convective storms, where 
soil cover has been removed and where there is either no overstorey, or where the overstorey is 
greater than the height required for terminal raindrop velocity to be achieved. In these 
circumstances, the soil is exposed to the full potential energy of droplets. Soil losses due to 
significant erosive rainfall events in the first year after wildfire have been reported as being as 
high as 100,000 times greater than sediment yields from unburnt plots (Inbar et al. 1998). 
Brown (1972) found a thousand-fold increase in the rate of erosion after wildfire in the Snowy 
Mountains, and Atkinson (1984, 2012) measured soil losses up to 64.2 t/ha/yr when wildfire in 
the Royal National Park south of Sydney was followed by heavy rains. 

In the case of low severity burns where the overstorey is maintained, E and the average velocity 
of droplets are lower, because terminal velocity is not reached. Raindrops that collide with 
overstorey foliage would also undergo fractionation upon collision with foliage, thereby reducing 
their size and further reducing E. 

In extreme rainfall conditions, debris flows may result (Cannon 2001; Santi et al. 2008; Nyman 
et al. 2011; García-Ruiz et al. 2013; McInnes-Clarke et al. 2014). Debris flows are fast-moving, 
liquefied, channelised landslides of mixed and unconsolidated water and debris that can scour 
channels to bedrock. A great deal of attention has been directed towards debris flows, 
especially in the US and Canada (Cannon 2001; Cannon & Gartner 2005; Cannon et al. 2008; 
Cannon et al. 2010), due to their impact on catchment water quality and their potential to impact 
on public infrastructure and safety. Debris flows have also been noted in Australia: Nyman et al. 
(2011) studied a number of high magnitude erosive events in catchments subject to wildfire in 
eastern Victoria, and McInnes-Clarke et al. (2014) documented debris flows that resulted from 
extreme post-wildfire rainfall in February 2013 in the Warrumbungle National Park (Figure 4). 
Destablisation of hillslopes after fire may also produce a range of other mass movements, 
including rock falls, rock slides, slumping and mudflows. 

Cawson et al. (2012) recorded debris flows that occurred in north-eastern Victoria following low 
intensity prescribed burns and a rainfall event with an I30 of 51 millimetres per hour (Figure 5). 
There was no evidence of erosion in an adjacent unburnt catchment. 

In contrast, in the absence of significant rain, there is generally little effect on runoff and erosion. 
Blong et al. (1982b) for example, measured erosion from runoff plots following a bushfire in 
sandstone terrain similar to that of Atkinson (2012); however, post-fire rainfall was well below 
average, and sediment yields were therefore a comparatively low 2.5-8.0 t/ha/yr. 

 

Figure 4. Debris flow in 
Warrumbungle National Park after 
wildfire and intense rain. Photo: M. 
Tulau 
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Figure 5. (Above and right) Debris flows in Victoria following a prescribed burn. Source: Cawson 
et al. (2011). 

   

Cover Factor 

In a post-fire situation, the amount of green vegetation and surface litter protecting the mineral 
soil surface from raindrop impact is reduced. This C factor is a crucial consideration in relation 
to the potential for post-fire soil erosion, as overall soil erosion rates in RUSLE calculations are 
far more sensitive to this factor than other factors such as soil erodibity, K. Benavides-Solorio & 
MacDonald (2005) for example found that the percentage of bare soil accounted for nearly two-
thirds of the variability in sediment production rates, and Gilmour (1968) and Craig (1968) found 
that the cover factor was relatively more important in soils with lower infiltration rates (see also 
Brock & DeBano 1982). Zuazo & Pleguezuelo (2009) reviewed the literature relating to 
vegetation cover and runoff, and found wide variation according to the experimental conditions 
(Figure 6). 

A threshold of 20-45% coverage is generally considered necessary to reduce soil from burnt 
plots (Dieckmann et al. 1992; Inbar et al. 1998; Prosser & Williams 1998; Mayor et al. 2007). In 
Australia, a groundcover of <30% is generally considered to be significant for soil erosion (Yang 
2014), although Loch (2000) found that erosion rates were remained high up to 47% grass 
cover. Site-specific threshold figures will depend on differences in factors such as slope, aspect, 
soil type, and vegetation type and architecture (Cerda et al. 1995; Mayor et al. 2007; Wittenberg 
& Inbar 2009; Wittenberg et al. 2014).The C factor is strongly correlated with burn severity. A 
severe wildfire for example, can result in total loss of ground cover (e.g. Brown 1972; Atkinson 
1984), a condition which may prevail for years where tree damage has been severe, and leaf 
litter input is reduced (Raison 2005). 

 

 

Figure 6. Relationship between plant cover 
and relative runoff. Source: Zuazo & 
Pleguezuelo (2009). 
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In contrast, a sufficient layer of litter and other organic matter may remain after a low severity 
burn to protect the site from accelerated surface erosion (DeBano et al. 1998; De Luis et al. 
2003; Puigedefabregas 2005). A greater proportion of ground cover can be retained by 
burning when the surface soil and lower litter layers are moist. This can retain ground cover 
equivalent to a mass of 4-8 t/ha, which is valuable in protecting against soil loss in erodible 
landscapes (Gilmour 1968; Raison 2005). 

Post-fire cover is related to fire intensity (Overton 1996). The Byram-Keetch Drought Index 
(BKDI) is a measure of the amount of rain that is required to return the soil to saturation, and 
is used for fire danger measurements across much of south-eastern Australia. With a BKDI 
of 75-125, fire consumes most surface litter along with a significant proportion of the organic 
soil material, leaving exposed mineral soil. A BKDI of 37.5-75 allows scattered patches of 
surface litter to remain in damp areas following a fire, and preserves the soil organic layer. 

Pre-fire soil moisture conditions are often reflected in burn patterns. For any given burn type 
and conditions, fires tend to be hotter on the northern, drier aspects (Good 1973), and this is 
generally reflected in erosion and sediment production rates. Brown’s (1972) experience in 
the Snowy Mountains is typical – the north facing slopes were severely eroded and largely 
denuded of topsoil after a fire, while the south-facing slope showed minor erosion (see also 
Wittenberg & Inbar 2007). 

The potential for sediment movement is greater in the immediate post-fire period, before 
cover has recovered. After severe bushfires, sediment yields may remain elevated for at 
least ~5-10 years, by which time vegetation has regrown and leaf litter accumulated on the 
ground (Inbar et al. 1998; Mayor et al. 2007). In relation to HR burns, the recovery period for 
re-establishment of soil cover is generally significantly shorter. Raison et al. (1986a) 
quantified fine surface litter following prescribed burns in a sub-alpine eucalypt forest and 
found that the litter re-accumulated rapidly, reaching a mass of 10-12 t/ha within four to five 
years. The period of elevated erosion risk post-HR burn is correspondingly shorter compared 
to that of wildfires. Recovery periods are also likely related to vegetation type: Good (1973) 
for example, noted that grasslands in the Snowy Mountains had the potential to recover 
relatively quickly. Conversely, burnt Callitris glauca communities remained susceptible to 
erosion for longer periods. 

Soil Hydrophobicity 

The phenomenon of fire-induced soil hydrophobicity, or water repellency, occurs when 
heating of the surface and near-surface soil causes the vaporisation of organic compounds, 
which move downwards through the soil profile in response to temperature gradients, and 
subsequently condense and form a hydrophobic layer or coating around soil particles (Figure 
7) (DeBano 1967, 1970; Savage 1974; Giovannini & Lucchesi 1983; Imeson et al. 1992; 
Giovannini 1994; Prosser & Williams, 1998; Doerr et al. 1998; DeBano, 2000; Huffman et al. 
2001; Letey 2001; Pierson et al., 2001; Mataix-Solera & Doerr 2004; Keizer et al. 2005; 
Doerr et al. 2009; Stoof et al. 2011; Bodi et al. 2012). 
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Figure 7. The development of water repellency. After DeBano (1969). 

There has been a great deal of research in relation to this phenomenon over the decades, as 
the reviews by DeBano (2000) and DeBano et al. (2008) reveal. However, key aspects of soil 
hydrophobicity, including its formation and impacts, and relationship to fire remain contested 
in the literature. The property is common in a range of soil types, especially dry, sandy 
materials (Gilmour 1968; Roberts & Carbon 1972; DeBano 2000; Shakesby 2011; 
Rodriquez-Alleres et al. 2012), including in unburnt soils, as hydrophobic substances are 
leached from organic horizons (Doerr et al. 2000; Horne & McIntosh 2000). 

Intense hydrophobicity can be generated by heating the soil to temperatures of 
approximately 200oC (Savage 1974; DeBano et al. 1976; DeBano 1981; Henderson & 
Golding 1983; Huffman et al. 2001; Letey 2001; Certini 2005). Fires which produce moderate 
increases in soil temperatures typical of HR burns could cause soil aggregates to become 
hydrophobic (Craig 1968; Giovannini & Lucchesi 1983; Giovannini 1994; Mataix-Solera & 
Doerr 2004). 

Conversely, hydrophobicity is destroyed at temperatures >288 oC (Savage 1974; DeBano et 
al. 1976; DeBano 1981; DeBano 2000; Certini 2005) and combustion of organic matter is 
complete at 460oC (Giovannini et al. 1988). Shakesby et al. (2003), working in Nattai 
National Park in the Blue Mountains, found that surface repellency was destroyed at c.350 - 
400°C. Heath et al. (2015) found that with an increase in burn severity, both C and water 
repellency in topsoils were reduced after wildfire in the Blue Mountains. Similarly, Tessler et 
al. (2012) found that water repellency in sites repeatedly burnt by wildfire was significantly 
lower than in the unburnt control sites. However, in hotter wildfires, a water repellent front 
can still occur in the subsoil, due to thermal gradients in soil profiles (Henderson & Golding 
1983; Huffman et al. 2001). The spatial distribution of hydrophobicity will also vary across a 
site, due to localised variation in fire severity (Imeson et al. 1992; Martin & Moody 2001; 
Woods et al. 2007). 

Hydrophobic conditions may persist for several months (McNabb et al. 1989) or even years 
following a mild fire (Henderson & Golding 1983; Huffman et al. 2001) and for up to several 
years following an intense fire (Dyrness 1976; DeBano, 2000; Pierson et al., 2001). Leitch et 
al. (1983) found that soils affected by the Ash Wednesday fires in Victoria were hydrophobic 
for more than three months after that fire. 

These hydrophobic coatings can significantly reduce raindrop penetration (Everett et al. 
1995), permeability (Imeson et al. 1992) and hydraulic conductivity (Robichaud 2000), 
thereby resulting in low infiltration rates and enhanced overland flow (Leighton-Boyce et al. 
2007), and post-bushfire increases in runoff generation and sediment yields have been partly 
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attributed to an increase in soil hydrophobicity (Osborn et al. 1964; Rustomji & Hairsine 
2006). Soil hydrophobicity may increase runoff and rill formation at the plot scale in the post-
fire period (DeBano 2000; DeBano et al. 2008), but there is limited research linking changes 
in soil hydrophobic properties to post-fire runoff and erosion at larger spatial scales (Prosser 
& Williams 1998; DeBano 2000; Shakesby et al. 2000; Doerr et al. 2003; Doerr & Moody 
2004; Ferreira et al. 2005; Ferreira et al. 2008). Rustomji & Hairsine (2006) however did 
attribute increases in sediment yields following severe bushfire in the lower Cotter River 
catchment in the ACT to an increase in soil hydrophobicity, reduced vegetative cover and the 
low cohesion of ash and desiccated soil. Similarly, Neary et al. (2012) considered that 
hydrophobicity contributed significantly to massive soil erosion in northern Arizona in 2010. 

Shakesby (2011) concluded in his review that the potential of water repellency to affect post-
wildfire erosion was likely to vary between vegetation and soil types, sandy soil types being 
particularly susceptible. Despite the research effort directed to this issue, Certini’s (2005) 
review concluded that in terms of erosion, the combustion of the vegetation and litter layer is 
likely to be more significant than hydrophobicity (see also Sevink et al. 1989; Scott & van 
Wyk 1990; Marcos et al. 2000). Other authors have also commented on the difficulty of 
distinguishing the importance of water repellency from other factors such as soil sealing and 
loss of vegetative cover (Doerr et al. 2003; Doerr & Moody 2004; Larsen et al. 2009). 

Soil Structure 

Soil structure refers to the spatial arrangement of soil aggregates, cracks and pores in a soil. 
These soil properties have a huge influence on water movement into and within the soil, the 
water-holding capacity of the soil (Boyer & Miller 1994; Boix Fayos 1997) and therefore, the 
hydrologic condition and behaviour of the catchment as a whole. 

Fire can affect soil structure in a number of ways. These relate to the loss of organic matter, 
soil microbiology, water repellency, and effects on the physico-chemical properties and 
mineralogy of clays, including effects on soil structure imparted by sesquioxides (Figure 8) 
(Baver et al. 1972; Greene et al. 1990; Cerda & Doerr 2005; Neary et al. 2005; Mataix-Solera 
et al. 2011; Wittenberg 2012). 

 

Figure 8. The main soil components or properties relevant to aggregation and their changes at 
different temperatures. Source: Mataix-Solera et al. (2011). 
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The impact of fire on soil organic matter is correlated with fire severity (Certini 2005). 
Consumption of organic matter commences in the range 200–250 oC (Doerr et al. 1998) and 
is complete around 460 oC (Humphreys & Craig 1981; Giovannini et al. 1988), causing loss 
of aggregate stability (Badia & Marti 2003; Blake et al. 2009), and producing a more easily 
erodible soil (DeBano et al. 1998; Scott et al. 1998; Neary et al. 1999). The bulk density of 
the soil (mass of soil/volume) increases as a result of the destruction of these organo-mineral 
aggregates (Giovannini et al. 1988) and mobilisation of disaggregated clays and/or ash 
materials can cause sealing of soil pores (Durgin & Vogelsand 1984). This results in a 
reduction in the hydraulic conductivity and water-holding capacity of the soil (Boyer & Miller 
1994; Boix Fayos 1997), which in turn causes an increase in runoff and erosion (Martin & 
Moody 2001; see also Pillsbury 1953; Ramacharlu & Rao 1954; Tarrant 1956; Beaton 1959; 
Craig 1968). 

The result is that high severity fires can induce important changes in soil structure and 
aggregate stability, but with different effects depending on the type of soil affected. The 
patterns observed can vary from disaggregation as a consequence of the organic matter 
destruction, to a strong aggregation if a recrystallisation of some minerals such as Fe and Al 
oxyhydroxides (Mataix-Solera et al. 2011). 

In contrast, the impacts of low intensity fires are less marked, as fires that do not exceed a 
soil temperature of 200 oC have little effect on soil organic matter, and therefore do not affect 
soil stability (Humphreys & Craig 1981; Mataix-Solera et al. 2011). Rather, some authors 
have suggested that low intensity fires can enhance structural stability in some cases due to 
the formation of organo-mineral aggregates (Mataix-Solera & Doerr 2004; Cawson et al. 
2012). It also appears that the sesquioxide-related structure is generally little affected by 
cooler burns (Humphreys & Craig 1981). The effects of moderate intensity burns on organic 
matter-related soil structure appear to be similar to those of high intensity fires, albeit of a 
lesser magnitude. In Australia, Greene et al. (1990) found that fire caused a major decline in 
aggregate stability in the surface horizon. Boyer & Miller (1994) working in pine stands in the 
US, found that moderate intensity prescribed burning reduced macroporosity, increased the 
bulk density of surface soils, and decreased available moisture holding capacity of both 
surface and subsurface soils. This resulted in a reduction in tree growth rates due, at least in 
part, to increased moisture stress associated with changes in soil physical properties. 

Antecedent Moisture Conditions 

The antecedent soil moisture status of the soil profile relates to the proportion of the effective 
soil moisture storage capacity that is already occupied, and therefore the amount of further 
rain that can be accommodated. The significance of this in affecting runoff/infiltration ratios 
has been demonstrated by Yu (2015) in relation to the 2013 Warrumbungle National Park 
fire. Heavy rainfall immediately following a large wildfire produced relatively little erosion, but 
primed the landscape for massive runoff when the intensive storm occurred on 1 February 
2013, causing widespread erosion and siltation of drainage lines (McInnes-Clarke et al. 
2014). 

Slope and Slope Length 

Numerous studies (e.g. Musgrave 1947; Wischmeier 1972) have shown that sediment yield 
by surface wash increases dramatically with increasing slope (S) and increasing slope length 
((L). Slope is a variable that can only be managed in terms of burn site selection. However, 
the slope length factor is alterable indirectly through manipulation of fire intensity. In severe 
fires, the effective slope length is greater due to complete combustion of slope length-limiting 
obstacles such as ground cover, litter and woody debris. 

However, a patchy burn typical of a HR burn will retain many of these elements (Rab 1996), 
thus limiting slope length. Cawson et al. (2011), working in the upper Yarra River catchment 
in Victoria, found that unburnt patches trapped 92–99% of sediment for rainfall events with 
an ARI < 1 year, although for more intense rainfall events, unburnt patches were ineffective. 
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It is likely that the substantial soil erosion and runoff results detected in plot and hillslope-
scale studies by some authors (e.g. Benavides-Solorio and MacDonald 2005; Morales et al. 
2000; Robichaud 2000) are not always replicated at the sub-catchment scale (cf. e.g. Elliot & 
Vose 2005; Ronan 1986) as limited effective slope lengths and local sediment sinks often 
dilute the instream effects of burning (e.g. Townsend & Douglas 2000). 

One of the most significant slope length-limiting features for a HR burn is the retention of 
riparian filter strips as control lines. The significance of riparian filter strips as retention lines 
for surface flow and sediment movement has been extensively studied (Hairsine 1996), and 
their effectiveness has long been recognised. They are routinely used in the context of 
forestry, having been incorporated into the Standard Erosion Mitigation Guidelines for 
Logging in NSW 1993 (Department of Conservation and Land Management 1995), and more 
recently, the Private Native Forestry Code of Practice for Northern NSW (DECC 
2008a,b,c,d). 

The Effects of Different Fire Regimes on These Factors  

Severe wildfires are recognised as having a highly significant impact on soil erosion and 
sedimentation, due to: 

• effectively greater rainfall erosivity due to canopy loss 

• greater impact on the litter layer and soil cover 

• loss of soil aggregate stability due to physico-chemical changes 

• increased effective slope length due to combustion of obstacles. 

As a result, catchment sediment yields are known to increase by up to several orders of 
magnitude following intense bushfires, both in Australia (Brown 1972; Leitch et al. 1983; 
Atkinson 1984, 2012) and overseas (Ahlgren & Ahlgren 1960; Diaz-Fierros et al. 1987; Inbar 
et al. 1998; Rulli et al. 2006; Mayor et al. 2007; Neary et al. 2012). Robichaud et al. (2009) 
found that high severity wildfires increase runoff and erosion rates by two or more orders of 
magnitude, while low and moderate severity burns have much smaller effects on runoff and 
sediment yields. Benito et al.’s (1991) review of post-wildfire soil erosion losses in the 
Mediterranean literature suggested soil losses up to 170 t/ha/yr, and Shakesby’s (2011) 
review noted first year soil losses of 45-56 t/ha, figures that compare with those in Australia. 
Furthermore, the recovery period is generally extended after wildfire, where tree and shrub 
canopies have been killed (e.g. Brown 1972). 

Erosion rates generally take up to a decade or more to return to near pre-disturbance 
conditions after wildfire (Gimeno-Garcia et al. 2007; Wittenberg & Inbar 2009; Shakesby 
2011). Such is the impact of wildfire that it has been suggested (e.g. Shakesby 2011) that 
wildfire and its effects is often the single most important agent of geomorphological change. 

In contrast, in most low intensity HR burns, soil cover remains higher, compared to that 
following wildfire. There is also a greater retention of organic matter (Figure 3) and therefore 
aggregate stability. In a well-conducted HR burn, effective slope lengths are generally 
shorter. On the other hand, low intensity burning may reduce macroporosity and increase the 
bulk density of surface soils, and therefore decrease the available water-holding capacity of 
both surface and subsurface soil layers (Boyer & Miller 1994). 

Soil hydrophobicity may also occur as a result of cooler fires, but its significance is debated. 

The result is that overall, lower runoff and erosion rates have been reported as a 
consequence of low severity burns (Copley et al. 1944; Biswell & Schultz 1957; Robichaud 
2000; Dragovich & Morris 2002; Benavides-Solorio & MacDonald 2005). Robichaud et al. 
(2009) found that sediment yields from rainfall simulations on plots burned at low severity 
were an order of magnitude smaller than the values from the plots burned at high severity. 
Similar differences in sediment yields were reported by Benavides-Solorio and MacDonald 
(2005). 
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Low fire severity (Arkle & Pilliod 2010; Richter et al. 1982) and burn patchiness (Richter et al. 
1982; Smith et al.2010) are often cited as potential explanations for the observed small 
impacts following low severity burns. Morris et al. (2014) examined prescribed burns in the 
Mount Lofty Ranges in SA, and found that fire severity was a highly significant environmental 
determinant for the presence of sediment movement after prescribed burning. It is also likely 
that low severity burns produce less soil erosion compared to more severe wildfires because 
the recovery period is shorter (Raison et al. 1986a); therefore, the chance of large erosion 
impacts following prescribed burns are less. Cawson et al. (2012) carried out an extensive 
review into the impacts of prescribed low severity burns, and were unable to locate reports of 
large impacts at the catchment scale following prescribed burning. They concluded that 
existing studies show that the effects of prescribed burning are usually minimal. However, 
this does always appear to be the case: at a site in the upper Yarra catchment in Victoria, 
Cawson et al. (2011) found that a high fire severity site delivered only 13% more than the low 
fire severity site, and that the low fire severity site had 1000 times more erosion than an 
unburnt site. 

Post-HR burn impacts may occur, but would be expected to occur infrequently, and would 
require an intense storm in the burn area. There appears to be but one example in the 
literature of severe erosion following prescribed low severity burning; this occurred in eastern 
Victoria in 2010, due to intense, short duration rainfall events (Cawson et al. 2012). The 
frequency of these events and their importance from a management perspective is only likely 
to be quantified by surveys of many prescribed burn areas (Cawson et al. 2012). However, 
thus far, these have not been undertaken. Wittenberg & Inbar (2007) also suggested that 
cumulative impacts may result from repeated burning, leading to a prolonged recovery phase 
and a gradual increase in ‘baseflow’ sediment yields. However, this has not been tested in 
Australian conditions. 

Impact of Different Bushfire Regimes on Quantity and Quality of Water 

Introduction 

Fire can affect the quantity and quality of water produced at the catchment scale by the 
destruction or modification of vegetation, litter and the organic horizons of soils, and by 
altering certain physical characteristics of the soil that are related to runoff-infiltration 
characteristics, namely: soil structure and the stability of soil materials; porosity and 
infiltration; and water-holding capacity. The removal of organic matter is particularly 
important, as this causes collapse of the soil structure, and a consequent reduction in soil 
porosity and therefore infiltration.  

Organic matter can also be important in contributing to the water-holding capacity of the soil, 
and in protecting the soil surface from raindrop impact, which can cause detachment of fine 
material and consequent loss of porosity. The phenomenon of hydrophobicity has also been 
dealt with above. Depending on the magnitude of these changes to the soil interface, and 
their spatial extent and pattern, significant water quantity and water quality effects at the 
hillslope and catchment scales can result, which vary over the short to long term. 

Water Quantity 

Post-fire Water Use and Stream Flow Responses 

Immediately following a fire, the reduction in leaf area causes a reduction in 
evapotranspiration losses from vegetation, and therefore lower water use, compared with 
that in the pre-fire forest. Lower water use leads to increased soil moisture storage and the 
recharge of groundwater systems. The result is that runoff becomes more responsive and 
runoff/infiltration ratios and stream flows generally increase, compared with runoff from the 
pre-fire period. This period of lower water use and increased runoff typically lasts ~2-10 
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years (Brown 1972; Watson et al. 1999) before restoration of leaf area causes water use to 
increase to at least pre-fire levels (see e.g. Ahlgren & Ahlgren 1960 and studies cited therein; 
see also Campbell et al. 1977; David 1977; Helvey 1980; Hibbert 1984; Lavabre et al. 1993; 
DeBano et al. 1998). 

The magnitude of the increase in immediate post-fire stream flows generally correlates with 
burn severity i.e. greater reduction in evapotranspiration rates (Campbell et al. 1977). In 
cases of severe wildfire the increase in stream flows may be significant. Sinclair & Hamilton 
(1955) and Glendinning et al. (1961) for example noted post-wildfire increases of 200-45 
000% on peak flows from chaparral vegetation in south-western United States. This effect 
has also been noted in Australia: McArthur (1964) examined the effects of a wildfire in 
subalpine vegetation on the Bogong High Plains in Victoria, and reported an increase in 
stream flows immediately following the fire. McArthur & Cheney (1965) noted increases in 
stream flow by 43-235% following fires in the Cotter River catchment in the Australian Capital 
Territory. Brown (1972) studied the effects of a severe bushfire that affected the Snowy 
Mountain in 1965 and similarly found pronounced changes in the shape of the flood 
hydrograph in the years immediately following the fire, including increased peak discharges, 
and much greater runoff overall. 

In the medium- to longer-terms however, catchments affected by severe wildfires generally 
experience a reduction in water yields below pre-fire discharge levels as the vegetation 
enters a phase of rapid growth. Leaf area and evapotranspiration increases, so that water 
use is increased compared to that of a mature forest, and catchment flows are generally 
reduced. The actual magnitude of post-fire changes to the water cycle are dependent on the 
severity of the fire and the nature of consequent ecosystem succession, including the 
species of trees and other vegetation present, their susceptibility to death during the fire, and 
the environmental setting, including the rainfall zone. 

These relationships have been particularly examined in the context of Eucalyptus regnans 
forests, which occur in many Victorian water catchment areas. Langford (1976) noted that 
regenerating forests burnt in the severe 1939 bushfires produced a 24% reduction in yield in 
the 21 years following the fires, and the dramatic effects of high severity fires on water yields 
have since been verified by a large body of research (e.g. Kuczera, 1985, 1987; Vertessy et 
al. 1993, 1996, 2001; Watson et al., 1999a, 1999b, 2001; Cornish & Vertessy 2001; Lane & 
Mckay 2001). The age/stream flow relationship for E. regnans forests was generalised by 
Kuczera (1985, 1987) using rainfall and runoff data collected from forested catchments burnt 
in 1939, and is represented by the well-known ‘Kuczera curve’ (Figure 9), which allows the 
reduction in mean annual stream flow to be estimated by forest age (Kuczera 1987; Watson 
et al. 1999a). 

These reductions can be significant. Sinclair Knight Mertz (2004) used satellite imagery of 
the 2003 wildfire in upper Murray catchments in Victoria to model vegetation combustion and 
tree water usage. They predicted an initial flow increase of 14-106%, expected to persist for 
approximately 7 years, followed by a reduction in total inflows to the Murray of up to 129 
GL/yr. Vertessy (2003), in an investigation of the same fire, concluded that inflows to the river 
would be reduced by approximately 430 GL/yr in 20 years’ time. 

This phase of reduced flows can persist for periods ranging from 20 to 250 years depending 
on a number of factors, including the vegetation communities affected, landscape factors, 
and the spatial extent and severity of the burn (Watson et al. 1999a; Cornish & Vertessy 
2001; Roberts et al. 2001). 
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Figure 9. Kuczera curve. 

However these results from Victorian catchments may not necessarily apply to different soils 
and landscapes: Heath et al. (2012), working in sandstone landscapes of the Nattai part of 
the southern Blue Mountains, found no such pattern resembling the Kuczera curve. 
Vegetation and water yield had recovered within two to five years after wildfire, possibly 
underlining the significance of vegetation type and its relationship to fire, specifically obligate 
resprouters rather than reseeders. 

Effects of Low Severity Hazard Reduction Burning on Water Use and Stream Flow 
Responses 

Although more significant hydrologic responses occur as a consequence of wildfire, it is likely 
that fire regimes that result in lower vegetation mortality rates, or altered vegetation 
composition, could produce similar, although more subtle, hydrologic effects (Scott 1993; 
DeBano et al. 1998; Zhang et al. 2001; Huxman et al. 2005). Feikema et al. (2008) therefore 
modelled the hydrologic responses of a number of Victorian catchments, assuming various 
vegetation mortality rates, and found significant cumulative reductions in water yield, even at 
low mortality rates (Figure 10). These results may be indicative of hydrologic reductions in 
some vegetation types after even low severity burns, especially where water use by the 
understorey is a significant proportion of total water use by the vegetation community 
(Vertessy et al. 2001; Wood et al. 2008; Pfautsch et al. 2010). Marcar et al. (2006), in a 
review of the hydrological impacts of bushfire in the upper catchments of the Murray River, 
concluded that hydrological responses depend largely on ecological responses to fire. They 
considered that further investigation was required into the ecological and physiological 
responses of vegetation to fire, in order to better validate models of forest evapotranspiration. 

Hence, any changes in the structure of vegetation, even temporary changes, could 
potentially have implications for water use and the yield from catchments. However, despite 
the importance in many cases of the understorey to total stand water use, it appears that 
there has been little research on the actual hydrological effects of fuel-reduction burns 
(Adams & Attiwill 2011), although the general expectation is as shown in Figure 11. Notable 
exceptions are Gottfried & DeBano (1990), who failed to detect any significant change 
following a prescribed low severity fire in a ponderosa pine forest in Arizona, in which fine 
fuels were reduced by 70%, and Scott (1993), who in contrast, recorded a 15% increase in 
hydrologic response following a prescribed burn in fynbos in South Africa. 
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Figure 10. Hydrologic response curve assuming various mortality rates, from Feikema et al. 
(2008). 

 

Figure 11. Conceptual model of the relationships between fire severity and rainfall intensity on 
post-fire runoff and erosion. From Cawson et al. (2012). 

Conclusions 

Cawson et al. (2012) undertook a review of the literature dealing with the effect of different 
fire regimes, including prescribed low severity burning, on surface runoff and confirmed that 
stream flow responses to prescribed fire do occur, but are generally smaller in magnitude 
compared to wildfire responses. However, relatively minor medium- to long-term reductions 
in flows caused by prescribed low severity fire may be compounded by climate change-
related reductions in precipitation, particularly in south-east Australian catchments 
(Hennessy et al. 2005; Howe et al. 2005; Lane et al. 2011). 

Water Quality 

Introduction and Background 

Water quality refers to the physical, chemical and biological characteristics of water. Post-
fire, particularly post-wildfire, peak flows and total runoff tends to be greater compared with 
pre-fire runoff characteristics, and as a result, there is an increased potential for sediment 
movement, and with it, nutrients and other pollutants. Sediment may be sourced from 
incision and removal of headwater peats (Good 1973), increased erosion of hillslopes, or 
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from the increased competence of scouring flows on gullies, drainage lines and stream 
banks. 

Coarse sediment is generally arrested on the slope or within the catchment. Conversely, finer 
silt and clay-sized particles may become entrained in flowing water. Many potential pollutants 
such as N, P, C, Ca, Mg and K may be adsorbed to these fine-grained organic and inorganic 
sediments (Palis et al. 1990; DeBano et al. 1998; Pettersson 1998; Webster et al. 2001), or 
may be transported in dissolved form. The fine sediment load is generally expressed as 
turbidity, which is strongly correlated to the concentration of fine-grained sediments <63 
microns in size (Rustomji & Hairsine 2006; White et al. 2006). 

A great deal of research has focused on the potential risks from fires to human water 
supplies, both in the US (Ice et al. 2004; Rhoads et al. 2006; ) and in Australia (Wilkinson et 
al. 2004; White et al. 2006) (see also Anderson et al. 1976; Tiedemann et al. 1979; Richter et 
al. 1982; Chessman 1986; Baker 1990; Spencer & Hauer 1991; Bayley et al. 1992; Lathrop 
1994; Gerla & Galloway 1998; McEachern et al. 2000; Minshall et al. 2001; Gallaher et al. 
2002; Earl & Blinn 2003; Leak et al. 2003; Prepas et al. 2003; Wasson et al. 2003; 
Andreassian 2004; Townsend & Douglas 2004; Ferreira et al. 2005b; Petticrew et al. 2006; 
Sheridan et al. 2007b; Bladon et al. 2008; Lane et al. 2008; Mast & Clow 2008; Noske et al. 
2010). 

Nutrient Mobilisation by Wildfire 

As a general principle, the management of water supply catchments has focussed on the 
minimisation of delivery of two important nutrients, N and P (Harris 2001) as well as 
dissolved organic C. Post-fire stream exports of total N may be significantly elevated (1.1 to 
27 kg/ha/yr: Smith et al. 2011a), much of it in the form of NO3

-, which is highly soluble and 
therefore available for mobilisation from a catchment into streams, where it may contribute to 
eutrophication of waters (Rustomji & Hairsine 2006). Smith et al. (2011a) found that post-fire 
NO3

- exports ranged from 0.04 to 13.0 kg/ha/yr, or 3 to 250 times that from unburnt 
catchments. 

Smith et al. (2011a) also examined the literature with respect to total P. Post-wildfire exports 
ranged from 0.03 to 3.2 kg/ha/yr, which represented up to 431 times that from unburnt 
catchments. See also Morris & Calliss (n.d.), who noted a slight rise in P following a fire at 
the Mount Bold reservoir in the Adelaide Hills. 

Dissolved organic C deliveries to reservoirs have also been noted in the literature, 
particularly in a number of studies from the Mt Lofty Ranges in South Australia (Stevens et 
al. 1999; Flemming & Cox 2001; Cox & Pitman 2001). Elevated Na+, Cl- and SO4

2- have also 
been recorded soon after fire (Smith et al. 2011a). Few studies have examined post-fire 
exports of trace elements, although high levels of Fe, Mn, Cr, Al, Ba and Pb have been 
associated with highly elevated sediment concentrations. Within reservoirs, anoxic conditions 
also trigger a series of chemical reactions that liberate a range of pollutants that are 
otherwise bound to sediment upon the reservoir floor, such as Mn and Fe (White et al., 
2006). 

Again, most studies have looked at the effects of wildfire on nutrient mobilisation and 
pollution, due to the marked impact of wildfires in accelerating surface erosion, and therefore 
the amounts of sediment, nutrients and other contaminants delivered to streams and 
reservoirs (DeBano et al. 1998; Moody & Martin 2001, 2009; Reneau et al. 2007; Sheridan et 
al. 2007b; Lane et al. 2008; Wilkinson et al. 2007; White et al. 2006). An extensive review of 
this topic has recently been undertaken by Smith et al. (2011a), who found that reported first 
year post-fire suspended sediment exports ranged from 0.017 to 50 t/ha/yr, representing an 
increase of up to 1 459 times the exports from unburnt catchments. 
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Effects of Prescribed Low Severity Hazard Reduction Burning on Water Quality 

In contrast, there are few studies specifically on the effects of prescribed low severity fire on 
stream water chemistry and water quality (e.g. Richter et al. 1982; Davis 1989; Williams & 
Melack 1997; Stephens et al. 2004; Smith et al. 2010). Broughton (1970) and Brown (1974) 
reviewed the relevant literature to that point and concluded that low intensity fires offered a 
much lower risk of adverse effects on water supplies than higher intensity wildfires. The most 
recent review was by Cawson et al. (2012), who found that despite the large areas burnt in 
Victoria every year, post-burn water quality has been measured in only two small sub-
catchments, and during below-average rainfall conditions (Smith et al. 2010). This study 
involved a paired (control and treatment) catchment analysis of the effect of prescribed low 
severity fire on suspended sediment and nutrients (P and N as NO3

-) export in a eucalyptus 
forest in south-eastern Australia. They found that the effect of the prescribed fires on stream 
exports of suspended sediment and nutrient from the study catchments was very minor. 
According to Cawson et al. (2011, 2012), the characteristics most likely to be important in 
affecting water quantity and quality are fire severity, burn patchiness, fire frequency and burn 
season. 

The effects of an individual prescribed low severity HR burn may be small and only last for a 
short period (Beche et al. 2005; Stephens et al. 2004) but the cumulative effect of multiple 
smaller prescribed burns may be an issue (Cawson et al. 2012). Furthermore, while existing 
studies show that the effects of prescribed low severity burning on the quantity and quality of 
water are usually minimal, this may be because large erosion impacts following prescribed 
burns are rarely located and studied. 
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Conclusions 

The vast majority of the literature deals with the effects of severe wildfire. This is because 
these fires can result in catastrophic impacts on nutrient pools, post-fire soil erosion, 
sedimentation and impacts on water quality, and long-term impacts on water quantity from 
affected catchments. 

In contrast, relatively little research has been carried out into the effects of prescribed low 
severity HR burns, where the effects are generally more subtle and variable. Furthermore, 
much of the overseas literature is not particularly relevant to Australia, due to its generally 
thin, nutrient-poor soils. 

Conclusions are presented below in response to the three Priority Research Questions 
addressed in the Background section of this report. 

In Relation to Nutrient Cycling and the Carbon Cycle 

What is the impact of different bushfire regimes on nutrient cycling and the carbon cycle?  

Fire typically results in a reduction in the size of fuel and soil organic nutrient pools by 
depleting nutrients in native vegetation systems through: 

• losses to the atmosphere by volatilisation and convection 

• losses by runoff 

• losses by leaching. 

Fire may also: 

• increase soil nutrient cycling rates 

• redistribute nutrients through the soil profile. 

The pool of topsoil fertility is diminished by fire. High severity wildfires can impact on the C 
ecosystem and soil storage capacity for decades to centuries. In comparison, prescribed low 
severity HR burns result in lower losses by volatilisation, convection and other pathways. 

Due to their lower temperatures of volatilisation, C, S and N are particularly susceptible to 
fire, including low severity burns. Virtually all the N in a soil system is located in the soil 
organic matter, so the volatilisation of N is proportional to the combustion of soil organic 
matter. In contrast, P is not as susceptible to volatilisation and leaching. Especially in acidic 
soils, losses of P due to volatilisation and leaching are generally relatively minor, although 
these may still be significant in the Australian context, especially in nutrient-poor sandy soils. 

The relative impact of any given fire on the nutrient pool will be potentially greater where the 
fire is severe and occurs in vegetation that has not been burnt for extended periods. 
However, concerns have also been raised that frequent repeated burning may cumulatively 
deplete sites of nutrients and interrupt rates of nutrient cycling. 

Much of the nutrient losses occur in the convective smoke column. Lower severity burns 
tends to produce less smoke, and therefore lower convective nutrient losses, but again, 
these may still be significant in the Australian context, especially in nutrient-poor sandy soils. 

Leaching of nutrients could be especially significant in sandy soils, due to the low inorganic 
cation exchange sites and low buffering capacity of such materials. Leaching through sandy 
soils is greatest in high rainfall zones. 

The potential for erosive losses is also greatly diminished in a properly conducted HR burn, 
due to partial retention of soil organic matter and ground cover. However, these losses can 
still be significant. 
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Moist soils, and soil types with high specific heat (clayey soils), will be affected by fire 
through soil heating to a lesser extent than soils with greater thermal conductivity, including 
drier soils, soils with a lower bulk density, and soils with a lower specific heat (sandy soils). 

Insufficient research has been carried out into the differential impacts of bushfires and 
prescribed low severity HR burning on the C cycle. In temperate eucalypt forests, the 
potential for prescribed burning to produce a net reduction in C emissions is considered to be 
low. 

In Relation to Soil Erosion and Sedimentation 

What is the impact of various bushfire regimes on different soil formations and on erosion 
and sedimentation rates (i.e. what soil types are vulnerable to what fire conditions)? 

Wildfires are generally known to have a greater impact on soils than low severity fires; 
intense bushfires may increase catchment sediment yields by up to several orders of 
magnitude. However, there is surprisingly little recent Australian research, and few studies 
have been made of the rates of soil erosion following bushfires in sandstone catchments. 

Most studies that have considered the effects of low severity burning on surface runoff and 
erosion show that the impacts are generally minimal, due to the retention of ground cover 
and soil organic matter, compared to more intense fire. However, severe erosive events 
following low severity burns have been recorded. 

The key soil surface-related factors that determine the runoff/infiltration ratio for any given 
rainfall intensity are: 

• the thickness and water-holding capacity of litter and organic layers 

• soil structure, porosity and permeability 

• soil depth to less permeable materials 

• the antecedent litter and soil moisture conditions 

• other factors which may enhance runoff, such as soil hydrophobicity. 

For any given burn severity therefore, the soils that are the most susceptible to erosion are 
erodible sandy soils or soils with otherwise high K factors, that are thin, stony, and massive, 
with high bulk density. 

In Relation to Water Quantity and Quality 

What is the impact of different bushfire regimes on water flows (both quantity and quality)? 

Fire can affect the quantity and quality of water produced at the catchment scale by the 
destruction or modification of vegetation, litter and organic horizons of soils, and by altering 
certain physical characteristics of the soil that are related to runoff-infiltration characteristics, 
namely: soil structure and the stability of soil materials; porosity and infiltration; and water-
holding capacity. The removal of organic matter is particularly important. Depending on the 
magnitude of these changes to the soil interface, and their spatial extent and pattern, 
significant water quantity and water quality effects at the hillslope and catchment scales can 
result, which vary over the short to long term. 

Immediately following a fire, runoff becomes more responsive and runoff/infiltration ratios and 
stream flows generally increase, compared with runoff from the pre-fire period. This period of 
lower water use and increased runoff typically lasts ~2-10 years. The magnitude of the 
increase in immediate post-fire stream flows generally correlates with burn severity. In cases 
of severe wildfire, the increase in stream flows may be significant. 
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In the medium to longer term however, catchments affected by severe wildfires generally 
experience a reduction in water yields below pre-fire levels as the vegetation enters a phase 
of rapid growth and catchment flows are generally reduced. The actual magnitude of post-fire 
changes to the water cycle is dependent on the severity of the fire and a range of other 
factors. 

Although more significant changes to hydrologic responses occur as a consequence of 
wildfire, it is likely that fire regimes that result in lower vegetation mortality rates, or altered 
vegetation composition, could produce similar, although more subtle, hydrologic effects. 
Stream flow responses to low severity prescribed fire do occur, but are generally smaller in 
magnitude compared to wildfire responses. However, relatively minor medium to long term 
reductions in flows caused by prescribed low severity fire may be compounded by climate 
change-related reductions in precipitation, particularly in south-east Australian catchments. 

Most studies have looked at the effects of wildfire on nutrient mobilisation and pollution, due 
to the marked impact of wildfires in accelerating surface erosion, and therefore the amounts 
of sediment, nutrients and other contaminants delivered to streams and reservoirs. Post-fire, 
particularly post-wildfire, peak flows and total runoff tends to be greater compared with pre-
fire runoff characteristics, and as a result, there is an increased potential for sediment 
movement, and with it, nutrients and other pollutants. Many potential pollutants are adsorbed 
to fine-grained organic and inorganic sediments, or may be transported in dissolved form. 
First year post-fire suspended sediment exports may be several orders of magnitude greater 
than exports from unburnt catchments. The export of two important nutrients, N and P, may 
be hundreds of times greater than that from unburnt catchments. 

There are few studies specifically on the effects of prescribed low severity fire on stream 
water chemistry and water quality. However, evidence suggests that low intensity fires offer a 
much lower risk of adverse effects on water supplies than higher intensity wildfires. The 
factors most likely to be important in affecting water quantity and quality are fire severity, 
burn patchiness, fire frequency and burn season. 
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Knowledge Gaps 

Despite the enormous body of research that has examined soil-fire interactions, the vast 
majority of this research has overwhelmingly concentrated on the effects of wildfire, rather 
than on the effects of low severity burns such as HR burns. Though it has been 
demonstrated that the majority of erosion occur within a few storm events , little research has 
been done in estimating event-based soil loss and sediment delivery, and the exact causes 
of variation in post-fire erosion has not yet been quantified. Given the recent increase of HR 
measures in NSW and other jurisdictions, further research is urgently required into the 
effects of prescribed HR fire on soil-related issues such as nutrient cycling, soil erosion and 
sedimentation, and effects on water quantity and quality. Research should examine these 
issues across a range of different soil, vegetation and landscape types, and fire regimes. 
This work should include process-based studies, to better understand the factors involved; 
these studies should calibrate and validate broader-scale modelling used to extrapolate site-
specific process studies to larger areas. 

Research is required to define the period of disturbance as a result of HR burning, 
particularly in relation to vegetation and groundcover recovery for different fire intensities, 
soils and landscape types. Post-fire ground cover measurements should be used to 
determine appropriate factors for erosion modelling and risk mapping. 

There are few studies specifically on the effects of prescribed low severity HR fire on stream 
water chemistry and water quality. More research is also required in relation to the 
magnitude and duration of post-fire water quantity effects from different soil, vegetation and 
landscape types subjected to different fire regimes. 

The effects of HR burning on soil erosion and sedimentation, and its effects on water quantity 
and quality need to be examined in the context of high magnitude rainfall events. The 
potential under such circumstances for HR burning to contribute to elevated rates of erosion 
and sedimentation, including debris flows, and the potential for impacts on public safety and 
infrastructure, should be assessed. Spatially explicit maps of soil erosion in near-real time 
are needed in HR burn assessments. 

There is need for research in relation to soil ecology, chemistry and physics to better 
understand the effects of repeated HR burning and the relationships between pre- and post-
fire soil ecological function. This should be undertaken across a range of different soil, 
vegetation and landscape types, and fire regimes. 

The impacts of HR burning on nutrient-poor systems need to be better understood, and 
particularly those which depend for their long-term productivity on efficient nutrient 
accumulation, retention and recycling processes, and which are likely to be more sensitive to 
disturbance caused by regular burning. 

The potential for HR burning to reduce total C emissions and increase storage requires a 
more detailed understanding of the dynamics of combustible biomass pools in a range of 
different soil, vegetation and landscape types. Further research is required to more fully 
understand C storage and emission trade-offs associated with HR fire regimes. 

The above work should contribute to the development of decision support tools, including the 
development of erosion risk mapping for environmental assessments of proposed HR burns. 
These decision support tools should enable a more systematic analysis of the risks 
associated with prescribed HR burning, with a view to minimising the risks to soil resources, 
water quality, public safety and infrastructure. This would allow decision makers to assess 
the extent and magnitude of post-burn soil erosion and to prioritise remedial activities after 
storm events. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

40 

 

References 

A 
Adams, M. and Attiwill, P.M. (1984). Role of Acacia spp. in nutrient balance and cycling in 
Eucalyptus regnans F. Muell. Forests. I. Temporal changes in biomass and nutrient content. 
Australian Journal of Botany 32: pp15-20. 

 

Adams, M. and Attiwill, P.M. (1984). Nutrient cycling and nitrogen mineralization in eucalypt 
forests of south-eastern Australia. I. Nutrient cycling and nitrogen turnover. Plant and Soil 92: 
pp 319-339. 

 

Adams, M. and Attiwill, P. (2011). Burning Issues. Sustainability and Management of 
Australia’s Southern Forests. Bushfire Co-operative Research Centre, CSIRO. 

Ahlgren, I.F. and Ahlgren, C.E. (1960). Ecological effects of forest fires. Botanical Review 26: 
pp 483-533. 

 

Alexander, L. and Arblaster, J. (2009). Assessing trends in observed and modelled climate 
extremes over Australia in relation to future projections. International Journal of Climatology 
29: pp 417-435. 

 

Allen, S.E. (1964). Chemical aspects of heather burning. Journal of Applied Ecology 1: pp 
347-367. 

 

Anderson, H.W., Hoover, M.D. and Reinhart, K.G. (1976). Forests and water: effects of forest 
management on floods, sedimentation and water supply. United States Department of 
Agriculture Forest Service, General Technical Report PWS-18. Pacific Southwest Forest and 
Range Experimental Station, Berkeley, California. 

 

Andreassian, V. (2004). Waters and forests: from historical controversy to scientific debate. 
Journal of Hydrology 291: pp 1-27. 

 

Andreu, V., Rubio, J.L., Forteza, J. and Cerni, R. (1996). Postfire effects on soil properties 
and nutrient losses. International Journal of Wildland Fire 6(2): pp 53-58. 

 

Angulo-Martinez, M., Bergueria, S., Navas, A. and Machin, J. (2012). Splash erosion under 
natural rainfall on three soil types in NE Spain. Geomorphology 175-176: pp 38-44. 

 

Arkle, R.S. and Pilliod, D.S. (2010). Prescribed fires as ecological surrogates for wildfires: a 
stream and riparian perspective. Forest Ecology and Management 259: pp 893-903. 

 

Arocena, J.M. and Opio, C. (2003). Prescribed fire-induced changes in properties of sub-
boreal forest soils. Geoderma 113: pp 1-16. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

41 

 

 

Association for Fire Ecology (2009). The role of fire in managing long-term carbon stores. 
Position paper, adopted 3 December 2009 
http://fireecology.org/docs/AFE_2009_Position_Paper_Carbon.pdf. 

 

Atkinson, G.A. (1984). Erosion damage following bushfires. Journal of Soil Conservation, 
January 1984: pp 4-9. 

 

Atkinson, G.A. (2012). Soil erosion following wildfire in Royal National Park, NSW. 
Proceedings of the Linnaean Society of New South Wales 134: pp 1-13. 

Attiwill, P.M. (1980). Nutrient cycling in a Eucalyptus obliqua (L’Herit) forest. IV Nutrient 
uptake and nutrient return. Australian Journal of Botany 28: pp 199-222. 

 

Attiwill, P.M. (1992). Productivity of Eucalyptus regnans forest regenerating after bushfire. 
South African Forestry Journal 160: pp 1-6. 

 

Attiwill, P.M. (1994). The disturbance of forest ecosystems and the conservative 
management of eucalypt forests in Australia. Forest Ecology and Management 63: pp 301-
346. 

 

Attiwill, P.M. and Leeper, G.W. (1987). Forest Soils and Nutrient Cycles. Melbourne 
University Press. 

 

Austin, R.C. and Baisinger, D.H. (1955). Some effects of burning on forest soils of W. 
Oregon and Washington. Journal of Forestry 53: pp 275-80. 

 

Australian Academy of Science (1957). A report on the condition of the high mountain 
catchments of New South Wales and Victoria. AAS, Canberra. 

 

Australian National Committee on Large Dams: 

www.ancold.org.au/images/files/ICOLD_Dam_Register_02.xls. 

 

B 
Baker, M.B. (1990). Hydrologic and water quality effects of fire. In: Krammes, J.S. (ed). 
Effects of Fire Management of Southwestern Natural Resources. United States Department 
of Agriculture Forest Service, General Technical Report RM-191: pp 31-42. 

 

Banks, J.C.G. (1988). A history of forest fire in the Australian Alps. In: Good, R. (ed). The 
Scientific Significance of the Australian Alps: Proceedings of the First Fenner Conference on 
the Environment. The Australian Alps Liaison Committee, Canberra: pp 265-280. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

42 

 

Bardia, D. and Marti, C. (2003). Plant ash and heating intensity effects on chemical and 
physical properties of two contrasting soils. Arid Land Research and Management 17: pp 23-
41. 

 

Baver, L.D., Gardner, W.H. and Gardner, W.R. (1972). Soil Physics. John Wiley, New York. 

 

Bayley, S.E., Schindler, D.W., Beaty, K.G., Parker, B.R. and Stanton, M.P. (1992). Effects of 
multiple fires on nutrient yields from streams draining boreal forests and fen watersheds: 
nitrogen and phosphorous. Canadian Journal of Fisheries and Aquatic Science 49: pp 584-
596. 

 

Beaton, J.D. (1959). The influence of burning on the soil in the timber range area of Lae Se 
Jenne, British Colombia. Canadian Journal of Soil Science 39: pp 1-11. 

 

Bêche, L.A., Stephens, S.L. and Resh, V.H. (2005). Effects of prescribed fire on a Sierra 
Nevada (California, USA) stream and its riparian zone. Forest Ecology and Management 
218: pp 37-59. 

 

Beckmann, G.G. and Coventry, R.J. (1987). Soil erosion losses: squandered withdrawals 
from a diminishing account. Search 18: pp 21-26. 

 

Benavides-Solorio, J.D. and MacDonald, L.H. (2001). Post-fire runoff and erosion from 
simulated rainfall on small plots, Colorado Front Range. Hydrological Processes 15: pp 
2931-2952. 

Benavides-Solorio, J.D. and MacDonald, L.H. (2005). Measurement and prediction of post-
fire erosion at the hillslope scale, Colorado Front Range. International Journal of Wildland 
Fire 14: pp 457-474. 

 

Benito, E., Soto, B. and Diaz-Fierros, F. (1991). Soil erosion studies in NW Spain. In: Sala, 
M., Rubio, J.L., Garcia-Ruiz, J.M. (eds). Soil erosion studies in Spain. Geoforma Ediciones, 
Logrono: pp 55-74. 

 

Benson, J.S. and Redpath, P.A. (1997). The nature of pre-European native vegetation in 
south-eastern Australia: a critique of Ryan, D.G., Ryan, J.R. and Starr, B.J. (1995). The 
Australian Landscape - Observations of Explorers and Early Settlers. Cunninghamia 5(2): pp 
285-328. 

 

Bierman, P.R. and Caffee, M. (2002). Cosmogenic exposure and erosion history of 
Australian bedrock landforms. Geological Society of America Bulletin 114: pp 787- 803. 

 

Binkley, D., Richter, D., David, M.B. and Caldwell, B. (1992). Soil chemistry in a 
loblolly/longleaf pine forest with interval burning. Ecological Applications 2: pp 157-164. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

43 

 

Biswell, H. H. and Schultz, A. M. (1957). Surface runoff and erosion as related to prescribed 
burning. Journal of Forestry 55: pp 372-374. 

 

Black, M.P. and Mooney, S.D. (2006). Holocene fire history from the Greater Blue Mountains 
World Heritage Area, New South Wales, Australia: the climate, humans and fire nexus. 
Regional Environmental Change 6: pp 41-51. 

 

Bladon, K.D., Silins, U., Wagner, M.J., Stone, M., Emelko, M.B., Mendoza, C.A., Devito, K.J. 
and Boon, S. (2008). Wildfire impacts on nitrogen concentration and production from 
headwater streams in southern Alberta’s Rocky Mountains. Canadian Journal of Forest 
Research 38: pp 2359-2371. 

 

Blake, W.H., Wallbrink, P.J. and Droppo, I.G. (2009). Sediment aggregation and water 
quality in wildfire-affected river basins. Marine and Freshwater Research 60: pp 653-659. 

 

Blong, R.J., Graham, O.P. and Veness, J.A. (1982a). The role of sidewall processes in gully 
development. Earth Surface Processes and Landforms 7: pp 381-385. 

 

Blong, R.J.M., Riley, S.J. and Crozier, P.J. (1982b). Sediment yield from runoff plots 
following bushfire near Narrabeen Lagoon, New South Wales. Search 13 (1-2): pp 36-39. 

 

Bodi, M.B., Doerr, S.H., Cerda, A. and Mataix-Solera, J. (2012). Hydrological effects of a 
layer of vegetation ash on underlying wettable and water repellent soil. Geoderma 191: pp 
14-23. 

Boix Fayos, C. (1997). The roles of texture and structure in the water retention capacity of 
burnt Mediterranean soils with varying rainfall. Catena 31: pp 219-236. 

 

Bowman, D.M.J.S., McLean, A.R. and Crowden, R.K. (1986). Vegetation-soil relations in the 
lowlands of south-west Tasmania. Australian Journal of Ecology 11: pp 141-153. 

 

Boyer, W.D. and Miller, J.H. (1994). Effect of burning and brush treatments on nutrient and 
soil physical properties in young longleaf pine stands. Forest Ecology and Management 70: 
pp 311-318. 

 

Bradstock, R.A. and Williams, R.J. (2009). Can Australian fire regimes be managed for 
carbon benefits? New Phytologist 183: pp 931-934. 

 

Bradstock, R.A., Gill, A.M. and Williams, R.J. (eds) (2012a). Flammable Australia. Fire 
Regimes, Biodiversity and Ecosystems in a Changing World. CSIRO Publishing. 

 

Bradstock, R. A., Boer, M. M., Cary, G. J., Price, O. F., Williams, R. J., Barrett, D., Cook, G., 
Gill, A.M., Hutley, L. B. W., Keith, H., Maier, S.W., Meyer, M., Roxburgh, S.H. and Russell-
Smith, J. (2012b). Modelling the potential for prescribed burning to mitigate carbon emissions 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

44 

 

from wildfires in fire-prone forests of Australia. International Journal of Wildland Fire: 
http://dx.doi.org/10.1071/WF11023. 

 

Brender, E.V. and Cooper, R.W., (1968). Prescribed burning in Georgia's Piedmont loblolly 
pine stands. Journal of Forestry 66: pp 31-36. 

 

Brock, J.H. and DeBano, L.F. (1982). Runoff and sediment potentials influenced by litter and 
slope on a chaparral community in central Arizona. Pacific Southwest Forest and Range 
Experimental Station, United States Department of Agriculture Forest Service. 

  

Brooks, K.N., Ffolliot, P.F., Gregersen, H.M. and DeBano, L.F. (1997). Hydrology and the 
Management of Watersheds. 2nd edition. Iowa State University Press. 

 

Broughton, W.C. (1970). Effects of land management on quantity and quality of available 
water. Australian Water Resources Council, University of New South Wales Water Research 
Laboratory Report No. 120. 

 

Brown, G.W. (1974). Forestry and Water Quality. OSU Books, Corvallis, Oregon. 

Brown, J. (1972). Hydrologic effects of a bushfire in a catchment in south-eastern New South 
Wales. Journal of Hydrology 15: pp 77-96. 

 

Bruce, D. (1947). Thirty -two years of annual burning in Longleaf Pine. Journal of Forestry 
45(11): pp 809-814. 

 

Burgess, J.S., Olive, L.J. and Rieger, W.A. (1980). Sediment discharge response to fire in 
selected small catchments – Eden, N.S.W. Hydrology and Water Resources Symposium, 
Adelaide. Institute of Engineers, Australia: pp 157-161. 

 

Burgess, J.S., Rieger, W.A. and Olive, L.J. (1981). Sediment yield change following logging 
and fire effects in dry sclerophyll forests in southern New South Wales. Proceedings of the 
International Symposium on Erosion and Sediment Transport in Pacific Rim Steep Lands. 
IAHS. Publication No 132: pp 375-385. 

 

Burns, P.Y. (1952). The effect of fire on forest soils in a pine barren region of New Jersey. 
Bulletin of the Yale School of Forestry, No. 57. 

 

Bush Fire Co-operative Research Centre (nd). Fire Regimes and Sustainable Landscape 
Risk Management. Available at: http://www.bushfirecrc.com. 

 

Bush Fire Front Inc. (n.d.). Glossary of fire terms. http://bushfirefront.com.au/home/glossary-
of-fire-terms. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

45 

 

Byles, B. (1932). Report on the Murray River catchment in New South Wales. 
Commonwealth Forestry Bureau, Bulletin No. 13. 

 

C 
Cade-Menum, B.J., Berch, S.M., Preston, C.M. and Lavkulich, L.M. (2000). Phosphorus 
forms and related chemistry of Podzolic soils on northern Vancouver Island II. The effects of 
clear-cutting and burning. Canadian Journal of Forest Research 30: pp 1726-1741. 

 

Campbell, R.E., Baker, M.B., Ffolliot, P.F., Larson, F.R. and Avery, C.C. (1977). Wildfire 
effects on a ponderosa pine ecosystem: an Arizona case study. United States Department of 
Agriculture Forest Service, Research Paper RM-191. 

 

Cannon, S.H. (2001). Debris-flow generation from recently burned watersheds. 
Environmental and Engineering Geoscience 7: pp 321-341. 

 

Cannon, S.H. and Gartner, J.E. (2005). Wildfire-related debris flow from a hazards 
perspective. In: Jakob, M. and Hungr, O. (eds). Debris Flow Hazards and Related 
Phenomena. Springer-Praxis, Berlin: pp 363-385. 

 

Cannon, S.H., Gartner, J.E., Wilson, R.C., Bowers, J.C. and Laber, J.L. (2008). Storm rainfall 
conditions for floods and debris flows from recently burned areas in southwestern Colorado 
and southern California. Geomorphology 96: pp 250-269. 

 

Cannon, S.H., Gartner, J.E., Rupert, M.G., Michael, J.A., Rea, A.H. and Parrett, C. (2010). 
Predicting the probability and volume of post wildfire debris flows in the intermountain 
western United States. Geological Society of America Bulletin 122: pp 127-144. 

 

Cawson, J., Sheridan, G., Smith, H. and Lane, P. (2011). The effect of prescribed fire 
severity & burn patchiness on runoff & erosion. Department of Forest & Ecosystem Science, 
University of Melbourne. 

 

Cawson, J.G., Sheridan, G.J., Smith, H.G. and Lane, P.N.J. (2012). Surface runoff and 
erosion after prescribed burning and the effect of different fire regimes: a review. 
International Journal of Wildland Fire http://dx.doi.org/10.1071/WF11160. 

 

Cerda, A. and Doerr, S.H. (2005). The influence of vegetation recovery on soil hydrology and 
erodibility following fire: an eleven year investigation. International Journal of Wildland Fire 
14: pp 423-437. 

 

Cerda, A. and Lasanta, T. (2005). Long-term erosional responses after fire in the Central 
Spanish Pyrenees I. Water and sediment yield. Catena 60: pp 59-80. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

46 

 

Cerda, A., Imeson, A. and Calvo, A. (1995). Fire and aspect induced differences on the 
erodibility and hydrology of soils at La Costera, Valencia, Southern Spain. Catena 24: pp 
289-304. 

 

Certini, G. (2005). Effects of fire on properties of forest soils: a review. Oecologica 143: pp 1-
10. 

 

Chambers, D.P. and Attiwill, P.M. (1994). The ash-bed effect in Eucalyptus regnans forest: 
chemical, physical and microbiological changes in soil after heating and partial sterilization. 
Australian Journal of Botany 42: pp 739-749. 

 

Chambers, L.E. and Griffiths, G.M. (2008). The changing nature of temperature extremes in 
Australia and New Zealand. Australian Meteorological Magazine 57: pp 13-35. 

 

Chapman, H.H. (1926). Factors determining natural reproduction of longleaf pine on cut-over 
lands in La Salle parish, Louisiana. Yale University School of Forestry Bulletin 14, 44 pp. 

Chapman, H.H. (1936). Effect of fire in preparation of seedbed for longleaf pine seedlings. 
Journal of Forestry 34: pp 852-854. 

 

Chessman, B.C. (1986). Impact of the 1983 wildfires on river water quality in East Gippsland, 
Victoria. Australian Journal of Marine and Freshwater Research 37(3): pp 399-420. 

 

Christensen, N.L. (1977). Fire and soil-plant nutrient relations in a pine-wiregrass savanna on 
the Coastal Plain of North Carolina. Oecologia 31: pp 27-44. 

 

Christensen, N.L. (1994). The effects of fire on physical and chemical properties of soils in 
Mediterranean climate shrublands. In: Moreno, J.M., Oechel, W.C. (eds). The role of fire in 
Mediterranean type ecosystems. Springer-Verlag, New York, pp 79-95. 

 

Clayton, E.S. (1967). Catchment protection in the Snowy Mountains. Snowy Mountains 
Authority, Cooma. 

 

Clayton, J.L. (1976). Nutrient gains to adjacent ecosystems during a forest fire: an 
evaluation. Forest Science 22: pp 162-166. 

 

Coelho, C.O.A., Ferreira, A.J.D., Boulet, A. and Keizer, J.J. (2004). Overland flow generation 
processes, erosion yields and solute loss following different intensity fires. Quarterly Journal 
of Engineering Geology and Hydrogeology 37: pp 233-240. 

 

Cole, D.W., Crane, W.J.B. and Grier, C.C. (1975). The effect of forest management practices 
on water chemistry in a second-growth Douglas-fir ecosystem. In: Bernier, B. and Winget, 
C.H. (eds). Forest Soils and Forest Land Management. Les Presses de l’Universite, Laval, 
Quebec. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

47 

 

 

Copley, T.L., Forrest, L.A., McColl, A.G. and Bell, F.G. (1944). Investigations in erosion 
control and reclamation of eroded land in the Central Piedmont Conservation Experimental 
Station. United States Department of Agriculture Technical Bulletin 873. 

 

Cornish, P.M. and Binns, D. (1987). Streamwater quality following logging and wildfire in a 
dry sclerophyll forest in south eastern Australia. I. Turbidity. Forest Ecology and 
Management 22: pp 1-28. 

 

Cornish, P. and Vertessy, R. (2001). Forest age induced changes in evapotranspiration and 
water yield in a eucalypt forest, Journal of Hydrology 242: pp 43-63. 

 

Costin, A.B. (1954). A Study of the Ecosystems of the Monaro Region of New South Wales. 
NSW Government Printer, Sydney. 

 

Costin, A.B. (1958). The grazing factor and the maintenance of catchment values in the 
Australian Alps. CSIRO Division of Plant Industry Technical Paper 10, CSIRO, Australia. 

 

Costin, A.B., Wimbush, D.J. and Kerr, D. (1960). Studies in catchment hydrology in the 
Australian Alps II. Surface run-off and soil loss. CSIRO Division of Plant Industry Technical 
Paper 14, CSIRO, Australia. 

 

Cotter, G. W. (1963). Effects of forest fires on soil properties in Northern Saskatchewan. 
Forestry Chronicle 39 (4): pp 412-421. 

 

Covington, W.W. and Sackett, S.S. (1984). The effect of a prescribed fire in Southwestern 
ponderosa pine on organic matter and nutrients in woody debris and forest floor. Forest 
Science 30: pp 183-192. 

 

Covington, W.W. and Sackett, S.S. (1992). Soil mineral nitrogen changes following 
prescribed burning in ponderosa pine. Forest Ecology and Management 54: pp 175-191. 

 

Covington, W.W., DeBano, L.F. and Huntsberger, T.G. (1991). Soil nitrogen changes 
associated with slash pile burning in pinyon-juniper woodlands. Forest Science 37: pp 347-
355. 

 

Cox, J.W. and Pitman, A. (2001). Chemical concentrations of overland flow and throughflow 
from pastures on sloping texture-contrast soils, Australian Journal of Agricultural Research 
51: pp 211-220. 

 

Craig, F.G. (1968). Effects of fire and heat on the physical properties of soils. PhD thesis, 
University of Melbourne. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

48 

 

Cromer, R.N. (1967) The significance of the ‘ash-bed effect’ in Pinus radiata plantations. 
Appita 20: pp 104-112. 

 

Cromer, R.N. and Vines, R.G. (1966). Soil temperatures under a burning windrow. Australian 
Forest Research 2: pp 29-34. 

 

CSIRO (1999). Fire. Finding the best prescription. Ecos 100, July-September 1999: p 3. 

 

D 
Davis, E.A. (1989). Prescribed fire in Arizona chaparral: effects on stream water quality. 
Forest Ecology and Management 26: pp 189-206. 

 

Davis, J.D. (1977). Southern California reservoir sedimentation. Annual Society of Civil 
Engineers Fall Convention and Exhibit. 

 

Dean, C., Roxburgh, S. and Mackie, B. (2003). Growth modelling of Eucalyptus regnans for 
carbon accounting at the landscape scale. In: Amaro, A., Reed, D. and Soares, P. (eds). 
Modelling Forest Systems, CAB International: pp 27-39. 

 

Dean, C. and Wardell-Johnson, G. (2010). Old-growth forests, carbon and climate change: 
functions and management for tall open-forests in two hotspots of temperate Australia. Plant 
Biosystems 144: pp 180-193. 

 

De Ronde, C. (1990). Impact of prescribed fire on soil properties – comparison with wildfire 
effects. Fire in Ecosystem Dynamics, pp. 127-136. Proceedings of the Third International 
Symposium on Fire Ecology Freiburg, Federal Republic of Germany, May 1989. Goldammer, 
J.G. and Jenkins, M.J. (eds). SPB Academic Publishing The Hague, Netherlands. 

 

DeBano, L.F. (1967). Soil wettability and wetting agents. Our current understanding of the 
problem. United States Department of Agriculture Forest Service, Pacific Southwest Forest 
Range Experimental Station, Research Paper PSW-93. 

 

DeBano, L.F. (1969). The relationship between heat treatment and water repellency in soils. 
In: Proceedings of a Symposium on Water Repellent Soils, University of California: pp 265-
279. 

 

DeBano, L.F. (1970). Translocation of hydrophobic substances into soil by burning organic 
litter. Soil Science Society of America Proceedings 34: pp 130-133. 

 

DeBano, L.F. (1981). Water repellent soils: a state-of-the-art. USDA Forest Service General 
Technical Report PS W-46, 21 pp. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

49 

 

DeBano, L.F. (1990). Effects of fire on the soil resource in Arizona chaparral. In: Krammes, 
J.S. (ed). Effects of Fire Management of Southwestern Natural Resources. United States 
Department of Agriculture Forest Service, General Technical Report RM-191: pp 65-77. 

 

DeBano, L. F. (2000). The role of fire and soil heating on water repellency in wildland 
environments: a review. Journal of Hydrology 231: pp 195-206. 

 

DeBano, L.F. and Conrad, C.E. (1978). The effect of fire on nutrients in a chaparral 
ecosystem. Ecology 59: pp 489-497. 

 

DeBano, L.F. and Klopatek, J.M. (1988). Phosphorus dynamics of Pinyon-Juniper soils 
following simulated burning. Soil Science Society of America Journal 52: pp 271-277. 

 

DeBano, L. F. and Krammes, J.S. (1966). Water repellent soils and their relation to wildfire 
temperatures. International Association of Hydrological Sciences 2: pp 14-19. 

 

DeBano, L. F., Eberlein, G.E. and Dunn, P.H. (1979). Effects of burning on chaparral soils. I. 
Soil nitrogen. Soil Science Society of America Journal 43: pp 504-509. 

 

DeBano, L.F., Neary, D.G. and Ffolliott, P.F. (1998). Fire’s Effects on Ecosystems. John 
Wiley & Sons, New York: 352 pp. 

 

DeBano, L. F., Neary, D.G. and Ffolliot, P.F. (2008). Soil physical properties. Chapter 2, in: 
Neary, D,G., Ryan, K.C. and DeBano, L.F. (eds). Wildland Fire in Ecosystems. Effects of Fire 
on Soil and Water. Unites States Department of Agriculture Forest Service, Rocky Mountain 
Research Station. 

 

DeBano, L.F., Savage, S.M. and Hamilton, D.A. (1976). The transfer of heat and 
hydrophobic substances during burning. Soil Science Society of America Journal 40: pp 779-
782. 

 

DeBell, D.S. and Ralston, C.W. (1970). Release of nitrogen by burning light forest fuels. Soil 
Science Society of America Proceedings 34: pp 936-938. 

 

DeLuca, T.H. and Aplet, G.H. (2008). Charcoal and carbon storage in forest soils of the 
Rocky Mountain west. Frontiers in Ecology and the Environment 6: pp 18-24. 

 

De Luis, M., González-Hidalgo, J.C., Raventós, J. (2003). Effects of fire and torrential rainfall 
on erosion in a Mediterranean gorse community. Land Degradation and Development 14 (2): 
pp 203-213. 

 

Demmon, E.L. (1929). Fires and forest growth. American Forests and Forest Life 35: pp 273-
276. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

50 

 

 

Demmon, E.L. (1935). The silvicultural aspects of the forest-fire problem in the longleaf pine 
region. Journal of Forestry 33: pp 323-331. 

 

Department of Climate Change and Energy Efficiency (2012). Methodology for savanna 
burning. Carbon Farming Initiative: 
http://www.climatechange.gov.au/en/government/initiatives/carbon-farming-
initiative/methodology-development/approved-
methodologies/~/media/government/initiatives/cfi/methodology-development/methodologies-
approved/savanna-burning-methodology-approved.pdf 

 

Department of Conservation and Land Management (1995). Standard Erosion Mitigation 
Guidelines for Logging in New South Wales. Department of Conservation and Land 
Management, Sydney. 

 

Department of Environment and Climate Change (2008a). Private Native Forestry Code of 
Practice for Northern NSW. http://www.environment.nsw.gov.au/pnf/index.htm#code. 

 

Department of Environment and Climate Change (2008b). Private Native Forestry Code of 
Practice for Southern NSW. http://www.environment.nsw.gov.au/pnf/index.htm#code. 

 

Department of Environment and Climate Change (2008c). Private Native Forestry Code of 
Practice for the River Red Gum Forests. 
http://www.environment.nsw.gov.au/pnf/index.htm#code. 

 

Department of Environment and Climate Change (2008d). Private Native Forestry Code of 
Practice for Cypress and Western Hardwood Forests. 
http://www.environment.nsw.gov.au/pnf/index.htm#code. 

 

Diaz-Fierros, F., Benito Rueda, E. and Perez Moreira, P. (1987). Evaluation of the USLE for 
the prediction of erosion in burnt forest areas in Galicia (NW Spain). Catena 14: pp 189-199. 

 

Dieckmann, H., Motzer, H., Harres, H.P. and Seuffert, O. (1992). Vegetation and erosion. 
Investigation on erosion plots in Southern Sardinia. Geooko-Plus 3: pp 139-149. 

 

Doerr, S.H. (2000). On standardizing the Water Drop Penetration Time and Molarity of 
Ethanol Droplet techniques to classify soil hydrophobicity: a case study using medium 
textured soils. Earth Surface Processes and Landforms 23: pp 663-668. 

 

Doerr, S.H. and Moody, J. (2004). Hydrological effects of soil water repellency: on spatial 
and temporal uncertainties. Hydrological Processes 18: pp 829-932. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

51 

 

Doerr, S.H., Ferreira, A.J.D., Walsh, R.P.D., Shakesby, R.A., Leighton-Boyce, G. and 
Coelho, C.O.A. (2003). Soil water repellency as a potential parameter in rainfall-runoff 
modelling: experimental evidence at point to catchment scales from Portugal. Hydrological 
Processes 17: pp 363-377. 

 

Doerr, S.H., Shakesby, R.A., Blake, W.H., Chafer, C.J., Humphreys, G.S. and Wallbrink, P.J. 
(2006). Effects of differing wildfire severities on soil wettability and implications for hydrologic 
response. Journal of Hydrology 319: pp 295-311. 

 

Doerr, S.H., Shakesby, R.A. and Walsh, R.P.D. (1998). Spatial variability of soil hydrobicity in 
fire-prone eucalyptus and pine forests, Portugal. Soil Science 163: pp 313-324. 

 

Doerr, S.H., Shakesby, R.A. and Walsh, R.P.D. (2000). Soil water repellency: its causes, 
characteristics and hydro-geomorphological significance. Earth-Science Reviews 51 (1-4): pp 
33-65. 

 

Doerr, S.H., Woods, S.W., Martin, D.A. and Casimiro, M. (2009). Natural background soil 
water repellancy in conifer forests of the north-western USA: its prediction and relationship to 
wildfire occurrence. Journal of Hydrology 371: pp 12-21. 

 

Dragovich, D. and Morris, R. (2002). Fire intensity, slopewash and bio-transfer of sediment in 
eucalypt forest, Australia. Earth Surface Processes and Landforms 27: pp 1309-1319. 

 

Dunn, P.H. Baro, S.C. and Poth, M. (1985). Soil moisture affects survival of micro-organisms 
in heated chaparral fire. Soil Biology and Biochemistry 17: pp 143-148. 

 

Dunn, P.J. and DeBano, L.F. (1977). Fire’s effect on biological and chemical properties of 
chaparral soils. In: Mooney, H.A. and Conrad, C.F. (eds). Proceedings of the Symposium on 
the Environmental Consequences of Fire and Fuel Management in Mediterranean 
Ecosystems. United States Department of Agriculture Forest Service, General Technical 
Report WO-3: pp 75-84. 

 

Durgin, P.B. and Vogelsand, P.J. (1984). Dispersion of kaolinite by water extracts of 
Douglas-fir ash. Canadian Journal of Soil Science 64: pp 439-443. 

 

Dyrness, C.T. (1976). Effect of fire on soil wettability in the High Cascades of Oregon. United 
States Department of Agriculture Forest Service, Research Paper PNW-202. 

 

E 
Earl, S.R. and Blinn, D.W. (2003). Effects of wildfire ash on water chemistry and biota in 
south-western USA streams. Freshwater Biology 48(6): pp 1015-1030. 

 

Edwards, K. (1988). How much soil loss is acceptable? Search 19: pp 136-140. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

52 

 

 

Edwards, K. (1991). Soil formation and erosion rates. In: Charman, P.E.V. and Murphy, B.W. 
(eds). Soils: Their Properties and Management. Soil Conservation Service of New South 
Wales. 

Eggleton, R.A. and Taylor, G.G. (2008). Impact of fire on the Weipa Bauxite, northern 
Australia. Australian Journal of Earth Sciences 55: pp S83-S86. 

 

Elliot, K.J. and Vose, J.M. (2005). Initial effects of prescribed fire on quality of soil solution 
and streamwater in the southern Appalachian Mountains. Southern Journal of Applied 
Forestry 29: pp 5-15. 

 

Etiegni, L., Campbell, A.G. and Mahler, R.L. (1991). Evaluation of wood ash disposal on 
agricultural land. I. Potential as a soil additive and liming agent. Communications in Soil 
Science and Plant Analysis 22: pp 243-256. 

 

Everett, R.L., Java-Sharpe, B.J., Scherer, G.R., Wilt, F.M. and Ottmar, R.D. (1995). Co-
occurrence of hydrophobicity and allelopathy in sand pits under burned slash. Soil Science 
Society of America Journal 59: pp 1176-1183. 

 

F 
Feikema, P., Lane, P. and Sherwin, C. (2008). Hydrological studies into the impact of timber 
harvesting on water yield in state forests supplying water to Melbourne – Part 2 of 
Hydrological studies (Climate Change and Bushfire). Research Report for the Victorian 
Government. School of Forest and Ecosystem Science, University of Melbourne. 

 

Fellows, A.W. and Goulden, M.L. (2008). Has fire suppression increased the amount of 
carbon stored in western U.S. forests? Geophysical Research Letters 28: pp 2077-2080. 

 

Fernandez, I., Cabaneiro, A. and Carballas, T. (1997). Organic matter changes immediately 
after a wildfire in an Atlantic forest soil: comparison with laboratory soil heating. Soil Biology 
and Biochemistry 29: pp 1-11. 

 

Ferran, A., Delitti, W. and Vallejo, V.R. (2005). Effects of fire recurrence in Quercus coccifera 
L. Shrublands of the Valencia Region (Spain): II. Plant and soil nutrients. Plant Ecology 177: 
pp 71- 83. 

 

Ferreira, A.J.D., Coelho, C.O.A., Boulet, A.K., Leighton-Boyce, G., Keizer, J.J. and Ritsema, 
C.J. (2005). Influence of burning intensity on water repellency and hydrological processes at 
forest and shrub sites in Portugal. Australian Journal of Soil Research 43: pp 327-336. 

 

Ferreira, A.J.D., Coelho, C.O.A., Boulet, A.K., and Lopes, F.P. (2005b). Temporal patterns of 
solute loss following wildfires in Central Portugal. International Journal of Wildland Fire 14: 
pp 401-412. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

53 

 

 

Ferreira, A.J.D., Coelho, C.O.A., Ritsema, C.J.; Boulet, A.K. and Keizer, J.J. (2008). Soil and 
water degradation processes in burned areas: lessons learned from a nested approach. 
Catena 74: pp 273-285. 

 

Fifield, L.K., Wasson, R.J., Pillans, B. and Stone, J.O.H. (2010). The longevity of hillslope soil 
in SE and NW Australia. Catena 81: pp 32-42. 

 

Finn, R.F. (1943). The leaching of some plant nutrients following the burning of forest litter. 
Black Rock Forest Paper 1: pp 128-134. 

 

Fisher, R.F. and Binkley, D. (2000). Ecology and Management of Forest Soils, 3rd edition. 
Wiley, New York. 

 

Flemming, N. and Cox, J. (2001). Carbon and phosphorus losses from dairy pasture in South 
Australia, Australian Journal of Soil Research 39: pp 696-978. 

 

Flinn, D.W., Hopmans, P., Farrell, P.W. and James, J.M. (1979). Nutrient loss from the 
burning of Pinus radiata logging residue. Australian Forest Research 9: pp 17-23. 

 

Floyd, A. G. (1964). The pros and cons of control burning. Forestry Commission of New 
South Wales, Technical Note. 

 

Floyd, A. G. (1966). The effects of control burning on forests. Forestry Commission of New 
South Wales. 

 

Forestry Commission of New South Wales (1966). The effects of fire on forest conditions. 
FCNSW Technical Paper No. 13. Papers delivered to Fire Research Meeting, held at Taree, 
23 to 25 November 1966. 

 

Fowells, H.A. and Stephenson, R.E. (1934). Effect of burning on forest soils. Soil Science 38: 
pp 175-181. 

 

Fuller, W.H., Shannon, S. and Burgess, P.S. (1955). Effects of burning on certain forest soils 
of Northern Arizona. Forest Science 1: pp 44-50. 

 

G 
Galang, M.A., Morris, L.A., Markewitz, D. and Jackson, C.R. (2010). Prescribed burning 
effects on the hydrological behaviour of gullies in the South California piedmont. Forest 
Ecology and Management 259: pp 1959-1970. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

54 

 

Gallaher, B., Koch, R. and Mullen, K. (2002). Quality of storm water runoff at Los Alamos 
National Laboratory in 2000 with emphasis on the impact of the Cerro Grande fire. Los 
Alamos National Laboratory LA-13926. www.lanl.gov/environment/all/docs/cgf/LA-13926.pdf. 

 

García-Ruiz, J.M., Arnáez, J., Gómez-Villar, A., Ortigosa, L. and Lana-Renault, N. (2013). 
Fire-related debris flows in the Iberian Range, Spain. Geomorphology 196: pp 221-230. 

 

García-Ruiz, J.M., Beguería, S., Nadal-Romero, E., González-Hidalgo, J.C., Lana-Renault, 
N. and Sanjuán, Y. (2015). A meta-analysis of soil erosion rates across the world. 
Geomorphology 239: pp 60-173. 

 

Gergis, J., Gallant, A.J.E., Braganza, K., Karoly, D.J., Allen, K., Cullen, L., D‘Arrigo, R., 
Goodwin, I., Grierson, P. and McGregor, S. (2011). On the long-term context of the 1997-
2009 ‘Big Dry’ in South-Eastern Australia: insights from a 206-year multi-proxy rainfall 
reconstruction. Climatic Change doi 10.1007/310584-011-0263-x. 

 

Gerla, P.J. and Galloway, J.M. (1998). Water quality of two streams near Yellowstone Park, 
Wyoming, following the 1988 Clover-Mist wildfire. Environmental Geology 36(1-2): pp 127-
136. 

 

Gessel, S.P. and Harrison, R.B. (1999). A Short History of Forest Soils Research and 
Development in North America. In: Forest and Wildlife Science in America, A History. The 
Forest History Society. http://www.forestsoils.org/S-7/history.html. 

 

Giardina, C.P., Sandford, R.L. and Dockersmith, I.C. (2000). Changes in soil phosphorus and 
nitrogen during slash-and-burn clearing of a dry tropical forest. Soil Science Society of 
America Journal 64: pp 399-405. 

 

Gill, A. M. (2012). Bushfires and biodiversity in southern Australian forests. In: Bradstock, 
R.A., Gill, A.M. and Williams, R.J. (eds) (2012). Flammable Australia. Fire Regimes, 
Biodiversity and Ecosystems in a Changing World. CSIRO Publishing. 

 

Gillon, D., Gomendy, V., Houssard, C., Marechal, J. and Valette, J.C. (1995). Combustion 
and nutrient losses during laboratory burns. International Journal of Wildland Fire 5: pp 1-12. 

 

Gilmour, D.A. (1968). Hydrological investigations of soil and vegetation types in the lower 
Cotter catchment. Australian Forestry 32: pp 243-256. 

 

Gimeno-Garcia, E., Andreu, V. and Rubio, J. (2007). Influence of vegetation recovery on 
water erosion at short and medium-term after experimental fires in a Mediterranean 
shrubland. Catena 69: pp 150-160. 

 

Giovannini, G. (1994). The effect of fire on soil quality. In: Sala, M., Rubio, J.L. (eds). Soil 
Erosion as a Consequence of Forest Fires. Geoforma Ediciones, Logrono: pp 15-29. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

55 

 

 

Giovannini, G. and Lucchesi S. (1983). Effect of fire on hydrophobic and cementing 
substances of soil aggregates. Soil Science 136: pp 231-236. 

 

Giovannini, G., and Lucchesi, S. (1997). Modifications induced in soil physicochemical 
parameters by experimental fires at different intensities. Soil Science 162: pp 479-486. 
doi:10.1097/00010694-199707000-00003. 

 

Giovannini, G., Lucchesi, S. and Giachetti, M. (1988). Effects of heating on some physical 
and chemical parameters related to soil aggregation and erodibility. Soil Science 146: pp 
255-261. 

Glendinning, G.E., Pase, C.P. and Ingebo, P. (1961). Preliminary hydrologic effects of 
wildfire in chaparral. In: Proceedings of the 5th Annual Arizona Watershed Symposium. 
September 21 1961, Phoenix Arizona: pp 12-15. 

 

Gonzalez-Perez, J.A., Gonzalez-Vila, F.J., Almendros, G., and Knicker, H. (2004). The effect 
of fire on soil organic matter – a review. Environment International 30: pp 855-870. 

 

Good, R.B. (1973). A preliminary assessment of erosion following wildfires in Kosciusko 
National Park, New South Wales in 1973. Journal of Soil Conservation 29(4): 191-199. 

 

Gottfried, G.J. and DeBano, D.F. (1990). Streamflow and water quality responses to 
preharvest prescribed burning in an undisturbed ponderosa pine watershed. In J.S. 
Krammes, technical coordinator, Effects of fire management of southwestern natural 
resources. USDA Forest Service, General Technical Report RM -191: pp 222-228. 

 

Greene, R.S.B., Chartres C.J. and Hodgkinson K.C. (1990). The effects of fire on the soils in 
a degraded semiarid woodland. I: Cryptogram cover and physical and micromorphological 
properties, Australian Journal of Soil Research 28: pp 755-777. 

 

Grier, C.C. (1975). Wildfire effects on nutrient distribution and leaching in a coniferous 
ecosystem. Canadian Journal of Forest Research 5: pp 559-607. 

 

Grierson, P.F., Adams, M.A. and Attiwill, P.M. (1992). Estimates of carbon storage in the 
above-ground biomass in Victoria’s forests. Australian Journal of Botany 40: pp 631-40. 

 

Grierson, P.F., Polglase, P.J., Attiwill, P.M. and Adams, M.A. (1993).Carbon storage in 
Victoria’s forests. In: Burgin, S. (ed). Climate Change: Implications for Natural Resource 
Conservation. University of Western Sydney, Hawkesbury, pp 81-99. 

 

Grogan, P., Bruns, T.D. and Chapin, F.S. III, (2000). Fire effects on ecosystem nitrogen 
cycling in a Californian bishop pine forest. Oecologica 122: pp 537-544. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

56 

 

Grove, T.S. (1977). Effects of fire on concentrations of phosphorus and potassium in jarrah 
(Eucalyptus marginata) forest soils. Proceedings of a Symposium: Nutrient Cycling in 
Indigenous Forest Ecosystems. CSIRO, Division of Land Resources Management, Perth: pp 
119-121. 

 

H 
Hairsine, P.B. (1996). Comparing grass filter strips and near natural riparian forests for 
filtering intense hillslope sediment sources. In: Rutherfurd, I.D. & Walker, M. (eds). 
Proceedings of First National Conference on Stream Management in Australia, Cooperative 
Research Centre for Catchment Hydrology, Monash University,Vic. 

 

Hammond, A. and Clarke, M.C. (2003). Bushfire, storms and soil erosion. Paper presented at  
National Environment Conference 2003 Proceedings, Brisbane, Australia, 18 to 20 June 
2003. 
Environmental Engineering Society (Queensland chapter). Available at: 
http://www.metts.com.au/bushfire-storms-soil.html. Accessed 9 August 2012.  

 

Hare, R.C. (1961). Heat effects on living plants. United States Department of Agriculture 
Forest Service, Occasional Paper 183. Southern Forest Experimental Station, New Orleans, 
Louisiana. 

 

Harris, G. (2001). Biogeochemistry of nitrogen and phosphorus in Australian catchments, 
rivers and estuaries: effects of land use and flow regulation and comparisons with global 
patterns, Marine and Freshwater Research 52: pp 139-149. 

Harwood, C.E. and Jackson, W.D. (1975). Atmospheric losses of four plant nutrients during a 
forest fire. Australian Forestry 38(2): pp 92-99. 

 

Hatch, A.B. (1959). The effect of frequent burning on the jarrah (Eucalyptus marginata) forest 
soils of Western Australia. Journal of the Royal Society of Western Australia 42: pp 97-100. 

 

Hatch, A.B. (1960). Ashbed effects in Western Australian forest soils. Western Australian 
Forestry Department Bulletin 64. 

  

Hatch, A.B. (1977). Some effects of external factors on nutrient cycling in the jarrah forest 
ecosystems. Proc. Symposium: Nutrient cycling in indigenous forest ecosystems. CSIRO, 
Division of Land Resources Management, Perth: pp 105-111. 

 

Heath, J.T., Chafer, C.J., Bishop, T.F.A. and Van Ogtrop, F.F. (2012). Post-wildfire recovery 
of vegetation and water yield: A case study of the summer 2001/2002 Sydney Basin wildfire. 
University of Sydney and the Bushfire CRC. 

 

Heath, J.T., Chafer, C.J., Bishop, T.F.A. and Van Ogtrop, F.F. (2015). Wildfire effects on soil 
carbon and water repellency under eucalyptus forest in Eastern Australia. Soil Research 53: 
pp 13-23. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

57 

 

 

Heimsath, A.M. (2006). Eroding the land: steady-state and stochastic rates and processes 
through a cosmogenic lens. Geological Society of America Special Papers 415:111-129. 

 

Heimsath, A.M., Chappell, J., Dietrich, W.E., Nishiizumi, K. and Finkel, R.C. (2000). Soil 
production on a retreating escarpment in southeastern Australia. Geology 28(9): pp 787-790. 

 

Heimsath, A.M., Chappell, J., Dietrich, W.E., Nishiizumi, K. and Finkel, R.C. (2001). Late 
Quaternary erosion in southeastern Australia: a field example using cosmogenic nuclides. 
Quaternary International 83-85: pp 169-185. 

 

Heimsath, A.M., Chappell, J. and Fifield, K. (2010). Eroding Australia: rates and processes 
from Bega Valley to Arnhem Land. Geological Society of London, Special Publications Vol. 
346: pp 225-241. 

 

Helvey, J.D. (1980). Effects of a north central Washington wildfire on runoff and 
sedimentation. Water Resources Bulletin 16: pp 627-634. 

 

Helyar, K.R., Cregan, P.D. and Godyn, D.L. (1990). Soil acidity in New South Wales - 
Current pH values and estimates of acidification rates. Australian Journal of Soil Research 
28(4): pp 523-537. 

  

Henderson, G.S. and Golding, D.L. (1983). The effect of slash burning on the water 
repellence of forest soils at Vancouver, British Colombia. Canadian Journal of Forest 
Research 13: pp 353-355. 

 

Hennessy, K., Lucas, C., Nicholls, N., Bathols, J., Suppiah, R. and Ricketts, J. (2005). 
Climate change impacts on fire-weather in south-east Australia. CSIRO Marine and 
Atmospheric Research, Bushfire CRC and Australian Bureau of Meteorology. 

 

Henry, N. B. (1961). Complete Protection versus Prescribed Burning in the Maryborough 
Hardwoods. Queensland Forest Service Research Note 13. 

 

Heywood, F. (1937). The effect of frequent fires on profile development of longleaf pine 
forest soils. Journal of Forestry 35: pp 23-27. 

Heywood, F. and Barnette, R.M. (1934). Effect of frequent fires on chemical composition of 
forest soils in the longleaf pine region. Florida Agricultural Experimental Station Technical 
Bulletin 265. 

 

Hibbert, A.R. (1984). Stormflows after fire and conversion of chaparral. In: Proceedings of 
the Fourth International Conference on Mediterranean ecosystems. August 13-17, Perth: pp 
71-72. 

 

http://sp.lyellcollection.org/search?author1=Arjun+M.+Heimsath&sortspec=date&submit=Submit
http://sp.lyellcollection.org/search?author1=John+Chappell&sortspec=date&submit=Submit
http://sp.lyellcollection.org/search?author1=Keith+Fifield&sortspec=date&submit=Submit


Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

58 

 

Hille, M., and den Ouden, J. (2005). Fuel load, humus consumed and humus moisture 
dynamics in Central European Scots pine stands. International Journal of Wildland Fire 14: 
pp 153-159. doi:10.1071/WF04026. 

 

Hodgkins, E.J. (1957). Some early effects of prescribed burning on the soil, forest floor and 
vegetation in the loblolly -shortleaf pine forest of the upper coastal plain of Alabama. 
Michigan State University of Agriculture & Applied Science. Department of Forestry. 

  

Homann, P.S., Bormann, B.T., Darbyshire, R.L. and Morrissette, B.A. (2011). Forest soil 
carbon and nitrogen losses associated with wildfire and prescribed fire. Soil Science Society 
of America Journal 75: pp 1926-1934. 

 

Hopmans, P. (2003). Effects of repeated low-intensity fire on carbon, nitrogen and 
phosphorus in the soils of a mixed-eucalypt foothill forest in south-eastern Australia. Victorian 
Department of Sustainability and Environment, Melbourne. Research Report Number 60. 

 

Hopmans, P., Bauhus, J., Khanna, P. and Weston, C. (2005). Carbon and nitrogen in forest 
soils: potential indicators for sustainable management of eucalypt forests in Horne, D.J. & 
J.C. Mcintosh. 2000. Hydrophobic compounds in sands in New Zealand –extraction, 
characterisation and proposed mechanisms for repellency expression. Journal of Hydrology, 
231-232: pp 35-46. 

Hosking, J.S. (1938). The ignition at low temperatures of the organic matter in soils. Journal 
of Agricultural Science 28: pp 393-400. 

 

Howe, C., Jones, R.N., Maheepala, S. and Rhodes, B. (2005). Melbourne Water Climate 
Change Study: Implications of potential climate change for Melbourne’s water resources. 
CSIRO Urban Water, CSIRO Atmospheric Research, Melbourne Water. 26 pp. 

 

Hoyle, B. F., Murphy, D. and Sheppard, J. (2006). Labile carbon. Fact sheet. 
www.soilquality.org.au, University of Western Australia. 

 

Hoyle, F.C. and Murphy, D.V. (2006). Seasonal changes in microbial function and diversity 
associated with stubble retention versus burning. Australian Journal of Soil Research 44: pp 
407-423. 

 

Hubbert, K.R., Preisler, H.K., Wohlgemuth, P.M., Graham, R.C. and Narog, M.G. (2006). 
Prescribed burning effects on soil physical properties and soil water repellency in a steep 
chaparral watershed, southern California, USA. Geoderma 130: pp 284-298. 

 

Huffman, E.L., MacDonald, L.H. and Stednick, H.J.D. (2001). Strength and persistence of 
fire-induced soil hydrophobicity under ponderosa and lodgepole pine, Colorado Front range. 
Hydrological Processes 15: pp 2877-2892. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

59 

 

Hughes, P.J. and Sullivan, M.E. (1981). Aboriginal burning and late Holocene geomorphic 
events in eastern New South Wales. Search 12: pp 277-278. 

 

Humphreys, F.R. (1966). Some effects of fire on plant nutrients. Forestry Commission of 
New South Wales. 

 

Humphreys, F.R. (1969). Effects of fire in soil. In: Proceedings, 2nd Fire Ecology Symposium. 
Forestry Commission of Victoria and Monash University. 

 

Humphreys, F.R. and Craig, F.G. (1981). Effects of fire on soil chemical, structural and 
hydrological properties. In: Gill, A,M., Groves, R.H. and Noble, I.R. (eds). Fire and the 
Australian Biota. Australian Academy of Science, Canberra: pp 177-200. 

 

Humphreys, F.R. and Lambert, M.J. (1965). Soil temperature profiles under slash and log 
fires of various intensities. Australian Forest Research 1: pp 23-29. 

 

Humphreys, F.R. and Lambert, M.J. (1965b). An examination of a forest site which has 
exhibited the ash-bed effect. Australian Journal of Soil Research 3: pp 81-94. 

 

Humphreys, G.S. and Mitchell, P.B. (1983). A preliminary assessment of the role of 
bioturbation and rainwash on sandstone hillslopes in the Sydney Basin. In: Young, R.W., and 
Nanson, G.C. (eds) Aspects of Australian Sandstone Landscapes. Australia and New 
Zealand Geomorphology Group Special Publication No. 1. University of Wollongong: pp 66-
80. 

 

Humphreys, G.S., Hunt, P.A. and Buchanan, R. (1987). Wood ash stone near Sydney, 
N.S.W.: a carbonate pedological feature in an acidic soil. Australian Journal of Soil Research 
25: pp 115-124. 

 

Hurteau, M.D., Koch, G.W. and Hungate, B.A. (2008). Carbon protection and fire risk 
reduction: toward a full accounting for forest carbon offsets. Frontiers in Ecology and the 
Environment 6: pp 1. 

 

Huxman, T., Wilcox, B., Breshears, D., Scott, R., Snyder, K., Small, E., Hultine, K., Pockman, 
W. and Jackson, R. (2005). Ecohydrological implications of woody plant encroachment, 
Ecology 86: pp 308-319. 

 

I 
Ice, G.G., Neary, D.G. and Adams, P.W. (2004). Effects of wildfire on soils and watershed 
processes. Journal of Forestry 102: pp 16-20. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

60 

 

Imeson, A.C., Verstraten, J.M., van Mulligen, E.J. and Sevink, J. (1992). The effects of fire 
and water repellence on infiltration and runoff under Mediterranean type forest. Catena 19: 
pp 345-361. 

 

Inbar, M., Tamir, M. and Wittenbuerg, L. (1998). Runoff and erosion processes after a forest 
fire in Mount Carmel, a Mediterranean area. Geomorphology 24: pp 17-33. 

 

Inglesias, T., Cala, V. and Gonzalez, J. (1997). Mineralogical and chemical modifications in 
soils affected by a forest fire in the Mediterranean area. Science of the Total Environment 
204: pp 89-96. 

 

Isaac, L.A. and Hopkins, H.G. (1937). The forest soil of the Douglas-fir region and changes 
wrought upon it by logging and slash burning. Ecology 19(2): pp 264-279. 

 

Istanbulluoglu, E., Tarboton, D.G. and Pack, R.T. (2004). Modelling of the interactions 
between forest vegetation, disturbances and sediment yields. Journal of Geophysical 
Research 109: F01009.doi:10.1029/2003JF00041. 

 

J 
Jackson, W.D. (2000). Nutrient stocks in Tasmanian vegetation and approximate loses due 
to fire. Papers and Proceedings of the Royal Society of Tasmania 134: pp 1-18. 

Jenny, H. (1941). Factors of soil formation. A system of quantitative pedology. Dover 
Publications, New York. 

 

Johnson, D.W. and Curtis, P.S. (2001). Effects of forest management on C and N storage: 
meta analysis. Forest Ecology and Management 140: pp 227-238. 

 

Jurskis, V. (2005a). Decline of eucalypt forests as a consequence of unnatural fire regimes. 
Australian Forestry 68: pp 257-262. 

 

Jurskis, V. (2005b). Eucalypt decline in eastern Australia, and a general concept of tree 
decline and dieback. Forest Ecology and Management 215: pp 1-20. 

 

Jurskis, V. and Turner, J. (2002). Eucalypt decline in eastern Australia: a simple model. 
Australian Forestry 65: pp 81-92. 

 

K 
Karoly, D.J. and Braganza, K. (2005). Attribution of recent temperature changes in the 
Australian region. Journal of Climate 18: pp 457-464. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

61 

 

Kauffman, J.B., Sanford, R.L., Cummings, D.L., Salcedo, I.H. and Samapia, E.V.S.B. (1993). 
Biomass and nutrient dynamics associated with slash fires in neo-tropical dry forests. 
Ecology 74: pp 140-151. 

 

Keeley, J.E. (2009). Fire intensity, fire severity and burn severity: a brief review and 
suggested usage. International Journal of Wildland Fire 18: pp 116-126. 

 

Keetch, J.J. and Byram, G.M. (1968). A drought index for forest fire control. US Department 
of Agriculture Forest Service. Paper Se-38. 

 

Keith, H. and Raison R.J. (1992). Effects of prescribed fire on nitrogen cycling and tree 
growth in an Australian eucalypt forest. In ‘Responses of Forest Ecosystems to 
Environmental Changes”. (A. Teller, P. Mathy and J.N.R. Jeffers eds). Elsevier, London: pp 
889-891. 

 

Keith, H., Mackey, B.G. and Lindenmayer, D.B. (2009). Re-evaluation of forest biomass 
carbon stocks and lessons from the world’s most carbon-dense forests. Proceedings of the 
National Academy of Sciences of the United States of America 106: pp 11635-11640. 

 

Keizer, J.J., Coelho, C.O.A., Shakesby, R.A., Domingues, C.S.P., Malvar, M.C., Perez, 
I.M.B., Matias, M.J.S. and Ferreira, A.J.D. (2005). The role of soil water repellancy in 
overland flow generation in pine and eucalypt forest stands in coastal Portugal. Australian 
Journal of Soil Research 43: pp 337-349. 

 

Kershaw, A.P., Clark, J.S., Gill, A.M. and D’Costa, D.M. (2002). A history of fire in Australia. 
In: Bradstock, R., Williams, J., Gill, M. (Eds), A History of Fire in Australia. Cambridge 
University Press, Cambridge. 

 

Ketterings, Q.M., J.M. Bigham, and V. Laperche (2000). Changes in soil mineralogy and 
texture caused by slash-and-burn fires in Sumatra, Indonesia. Soil Science Society of 
America Journal 64: pp 1108-1117. 

Khanna, P.K. and Raison, R.J. (1986). Effect of fire intensity on solution chemistry of surface 
soil under a Eucalyptus pauciflora forest. Australian Journal of Soil Research 24: pp 423-434. 

 

Khanna, P.K., Raison, R.J. and Falkiner, R.A. (1994). Chemical properties of ash derived 
from Eucalyptus litter and its effects on forest soils. Forest Ecology and Management 66: 
pp107-125. 

 

Kirschbaum, M.U.F., Harms, B., Mathers, M.J, Dalal, R.C. (2008). Soil carbon and nitrogen 
changes after clearing mulga (Acacia aneura) vegetation in Queensland, Australia: 
Observations, simulations and scenario analysis. Soil Biology and Biochemistry 40(2): pp 
392-405. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

62 

 

Knight, H. (1966). Loss of nitrogen from the forest floor by burning. Forestry Chronicle 42: 
pp149-152. 

 

Knighton, M.D. (1977). Hydrologic response and nutrient concentrations following spring 
burns in an oak-hickory forest. Soil Science Society of America Journal 41: pp 627-632. 

 

Kodama, H.E. and VanLear, D.H. (1980). Prescribed burning and nutrient cycling 
relationships in young loblolly pine plantations. Southern Journal of Applied Forestry 4: 
pp118-121. 

 

Kohen, J. (1995). Aboriginal Environmental Impacts. UNSW Press. 

 

Kuczera, G.A. (1985). Prediction of water yield reductions following a bushfire in ash-mixed 
species eucalypt forest. Melbourne and Metropolitan Board of Works, Catchment Hydrology 
Research report, MMBW-W-0014. 

 

Kuczera, G. (1987). Prediction of streamflow reductions following bushfire in ash-mixed 
species eucalypt forest, Journal of Hydrology 94: pp 215-236. 

 

Kunze, M.D. and Stednick, J.D. (2006). Streamflow and suspended sediment yield following 
the 2000 Bobcat fire, Colorado. Hydrological Processes 20: pp 1661-1681. 

 

Kutiel, P. and Naveh, Z. (1987). The effect of fire on nutrients in a pine forest soil. Plant and 
Soil 104: pp 269-274. 

  

Kutiel, P. and Shaviv, A. (1989). Changes of soil N-P status in laboratory simulated forest 
fire. Plant and Soil 120: pp 57-63. 

 

Kutiel, P. and Shaviv, A. (1992). Effects of soil type, plant composition and leaching on soil 
nutrients following a simulated forest fire. Forest Ecology and Management 53: pp 329-343. 

 

L 
Lane, P.N.J. and Mckay, S.M. (2001). Streamflow response of mixed-species eucalypt 
forests to patch cutting and thinning treatments. Forest Ecology and Management 143: pp 
131-142. 

 

Lane, P.N.J., Sheridan, G.J. and Noske, P.J. (2006). Changes in sediment loads and 
discharge from small mountain catchments following wildfire in southeastern Australia. 
Journal of Hydrology 331: pp 495-510. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

63 

 

Lane, P.N.J., Sheridan, G.J., Noske, P.J. and Sherwin, C.B. (2008). Phosphorous and 
nitrogen exports from SE Australian forests following wildfire. Journal of Hydrology 361: pp 
186-198. 

 

Lane, P.N.J., Feikema, P.M., Sherwin, C.B., Peel, M.C. and Freebairn, A.C. (2011). 
Modelling the long term water yield impact of wildfire and other forest disturbance in Eucalypt 
forests. Environmental Modelling & Software 25(4): pp 467-478. 

 

Langford, K.J. (1976). Change in yield of water following a bushfire in a forest of Eucalyptus 
regnans. Journal of Hydrology 29: pp 87-14. 

 

Larsen, I.J., MacDonald, L.H., Brown, E., Rough, D., Welsh, M.J., Pietraszek, J.H., Libohova, 
Z., Benavides-Solorio, J.D. and Schaffrath, K. (2009). Causes of post-fire runoff and erosion: 
water repellency, cover, or soil sealing? Soil Science Society of America Journal 73: pp 
1393-1407. 

 

Lathrop, R.G. (1994). Impacts of the 1998 wildfires on the water quality of Yellowstone and 
Lewis lakes, Wyoming. International Journal of Wildland Fire 4(3): pp 169-175. 

 

Lavabre, J., Torres, D.S. and Cernesson, F. (1993). Changes in the hydrological responses 
of a small Mediterranean basin a year after a wildfire. Journal of Hydrology 142: pp 273-299. 

 

Leak, M., Passuello, R. and Tyler, B. (2003). I’ve seen fire. I’ve seen rain. I’ve seen muddy 
waters that I thought would never clear again. Waterworks 6: pp 38-44. 

 

Lehman, J., Skjemstad, J., Sohi, S., Carter, J., Barson, M., Falloon, P., Coleman, K., 
Woodbury, P. and Krull, E. (2008). Australian climate-carbon cycle feedback reduced by soil 
black carbon. Nature Geoscience 1: pp 832-835. 

 

Leighton-Boyce, G., Doerr, S.H., Shakesby, R.A. and Walsh, R.P.D. (2007). Quantifying the 
impact of soil:water repellency on the overland flow generation and erosion: a new approach 
using rainfall simulation and wetting agent in in situ soil. Hydrological Processes 21: pp 2337-
2345. 

 

Leitch, C.J., Flinn, D., van de Graaff, R. (1983). Erosion and nutrient loss resulting from Ash 
Wednesday (February 1983) wildfires: a case study. Australian Forestry 46: pp 173-180. 

 

Letey, J. (2001). Causes and consequences of fire-induced soil water repellence. 
Hydrological Processes 15: pp 2867-2875. 

 

Lewis, W.M. (1974). Effects of fire on nutrient movement in a South Carolina pine forest. 
Ecology 55: pp 1120-1127. 

 

http://www.sciencedirect.com/science/journal/13648152


Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

64 

 

Loch, R.J. (2000). Effects of vegetation cover on runoff and erosion under simulated rain and 
overland flow on a rehabilitated site on the Meandu Mine, Tarong, Queensland. Australian 
Journal of Soil Research 38(2): pp 299-312. 

 

Lu, H. and Yu, B. (2002). Spatial and seasonal distribution of rainfall erosivity in Australia. 
Australian Journal of Soil Research 40: pp 887-901. 

 

Lu, H., Gallant, J., Prosser, I.P., Moran, C. and Priestly, G. (2001). Prediction of sheet and rill 
erosion over the Australian continent, incorporating monthly soil loss distribution. CSIRO 
Land and Water Technical Report 13/01: pp 31. 

 

Lutz, H.J. & Chandler, R.F. (1946). Forest Soils. John Wiley & Co. 

 

Lynch, A.H., Beringer, J., Kershaw, P., Marshall, A., Mooney, S., Tapper, N., Turney, C., van 
der Kaars, S. (2007). Using the paleorecord to evaluate climate and fire interactions in 
Australia. Annual Review of Earth and Planetary Science 35: pp 215-239. 

 

M 
Macadam, A.M. (1987). Effects of broadcast slash burning on fuels and soil chemical 
properties in the sub-boreal spruce zone of central British Colombia. Canadian Journal of 
Forest Research 17: pp 1577-1584. 

 

Mackay, S.M. and Cornish, P.M. (1982). Effects of wildfire and logging on the hydrology of 
small catchments near Eden, N.S.W. First National Symposium on Forest Hydrology: pp 
111-117. Institute of Engineers Australia National Conference Publication No. 82/6. 

 

Mackay, S.M. and Robinson, G. (1987). Effects of wildfire and logging on streamwater 
chemistry and cation exports of small forested catchments in south-eastern New South 
Wales, Australia. Hydrological Processes 1: pp 359-384. 

 

Mackay, S.M., Mitchell, P.A. and Young, P.C. (1980). Hydrologic changes after wildfire in 
small catchments near Eden, N.S.W. Hydrology and Water Resources Symposium Adelaide. 
Institute of Engineers Australia: pp 150-156. 

 

Mackey, B.G., Keith, H, Berry, S.L, and Lindenmayer, D.B. (2008). Green carbon. The role of 
natural forests in carbon storage. ANU E-Press, Canberra. 48 pp. 

 

Marcar, N.E., Benyon, R.G., Polglase, P.J., Paul, K.I., Theiveyanathan, S. and Zhang, L. 
(2006). Predicting the hydrological impacts of bushfire and climate change in forested 
catchments of the River Murray Uplands: a review. CSIRO: Water for a Healthy Country 
National Research Flagship. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

65 

 

Marcos, E., Tarrega, R. and Luis-Calabuig, E. (2000). Comparative analysis of runoff and 
sediment yield with a rainfall simulator after experimental fire. Arid Soil Research and 
Rehabilitation 14: pp 293-307. 

 

Martin, D.A. and Moody, J.A. (2001). Comparison of soil infiltration rates in burned and 
unburned mountainous watersheds. Hydrological Processes 15: pp 2893-2903. 

 

Mast, M.A. and Clow, D.W. (2008). Effects of the 2003 wildfires on stream chemistry in 
Glacier National Park, Montana. Hydrological Processes 22: pp 5013-5023. 

 

Mataix-Solera, J. and Doerr, S.H. (2004). Hydrophobicity and aggregate stability in 
calcareous topsoils from fire-affected pine forests in south-eastern Spain. Geoderma 118: pp 
77-88. 

 

Mataix-Solera, J., Cerda, A., Arcenegui, V., Jordan, A. and Zavala, L.M. (2011). Fire effects 
on soil aggregation: a review. Earth Science Reviews 109: pp 44-60. 

 

May, B. and Attiwill, P.M. (2003). Nitrogen-fixation by Acacia dealbata and changes in soil 
properties 5 years after mechanical disturbance or slash-burning following timber harvest. 
Forest Ecology and Management 217: pp 1-17. 

 

Mayor, A.G., Bautisata, S., Llovet, J. and Bellot, J. (2007). Post-fire hydrologic and erosional 
responses of a Mediterranean landscape: seven years of catchment-scale dynamics. Catena 
71: pp 68-75. 

 

McArthur, A.G. (1964). Streamflow characteristics of forested catchments. Australian 
Forestry 28: pp 106-118. 

 

McArthur, A.G. (1967). Fire behaviour in eucalypt forest. Commonwealth Australian Forest 
and Timber Bureau Leaflet No. 107. 

 

McArthur, A.G. and Cheney, N.P. (1965). The effect of management practice on streamflow 
and sedimentation from forested catchments. Journal of the Institute of Engineers Australia 
37: pp 417-425. 

 

McColl, J.G. and Grigal, D.F. (1975). Forest fire: effects of phosphorus movement to lakes. 
Science 188: pp 1109-1111. 

 

McCormack, D.E. and Young, K.K. (1981). Technical and societal implications of soil loss 
tolerance. In: Morgan, R.P.C. (ed). Soil Conservation: Problems and Prospects. John Wiley 
& Sons: pp 365-376. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

66 

 

McEachern, P., Prepas, E.E., Gibson, J.J. and Dinsmore, W.P. (2000). Forest fire induced 
impacts on phosphorous, nitrogen and chlorophyll a concentrations in boreal subarctic lakes 
of northern Alberta. Canadian Journal of Fisheries and Aquatic Science 57: pp 73-81. 

 

McIntosh, P.D., Laffan, M.D. and Hewitt, A.E. (2005). The role of fire and nutrient loss in the 
genesis of the forest soils of Tasmania and southern New Zealand. Forest Ecology and 
Management 220: pp 185-215. 

 

McKee, W.H. (1982). Changes in soil fertility following prescribed burning on coastal plain 
pine sites. United States Department of Agriculture Forest Service Research Paper SE-234, 
Asheville, NC, 23 pp. 

 

McNabb, D.H., Gaweda, F. and Froehlich, H.A. (1989). Infiltration, water repellency, and soil 
moisture content after broadcast burning a forest site in southwest Oregon. Journal of Soil 
and Water Conservation 44: pp 87-90. 

 

Minshall, G.W. (2003). Responses of stream benthic macroinvertebrates to fire. Forest 
Ecology and Management 178: pp 155-161. 

 

Minshall, G.W., Brock, J.T., Andrews, D.A. and Robinson, C.T. (2001). Water quality, 
substratum and biotic responses of five central Idaho (USA) streams during the first year 
following the Mortar Creek fire. International Journal of Wildland Fire 10: pp 185-199. 

 

Moffet, C.A., Pierson, F.B., Robichaud, P.R., Spaeth, K.E., Hardegree, S.P. (2007). 
Modelling soil erosion on steep sagebrush rangeland before and after prescribed fire. Catena 
71: pp 218-228. 

 

Moody, J.A. and Martin, D.A. (2001). Initial hydrologic and geomorphic response following a 
wildfire in the Colorado Front Range. Earth Science Processes and Landforms 26: pp 1049-
1070. 

 

Moody, J.A. and Martin, D.A. (2004). Wildfire impacts on reservoir sedimentation in the 
western United States. In: Proceedings of the Ninth International Symposium on River 
Sedimentation, October 2004, Yichang, China, Tsinghua University Press, China: pp 1095-
1102. 

 

Moody, J.A. and Martin, D.A. (2009). Synthesis of sediment yields after wildland fire in 
different rainfall regimes in the western United States. International Journal of Wildland Fire 
18: pp 96-115. 

 

Mooney, S.D., Harrison, S.P., Bartlein, P.J. and Stevenson, J. (2012). The prehistory of fire 
in Australia. In: Bradstock, R.A., Gill, A.M. and Williams, R.J. (eds) (2012). Flammable 
Australia. Fire Regimes, Biodiversity and Ecosystems in a Changing World. CSIRO 
Publishing: pp 3-26. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

67 

 

 

Morales, H.A., Navar, J. and Dominguez, P.A. (2000). The effect of prescribed burning on 
surface runoff in a pine forest stand of Chihuahua, Mexico. Forest Ecology and Management 
137: pp 199-207. 

 

Morris, R.H. and Calliss, S. (nd). Does an emergency response protect our water reservoirs? 
Bushfire Co-operative Research Centre. Available at: http://www.bushfirecrc.com. 

 

Morris, R.H., Bradstock, R.A., Dragovich, D., Henderson, M. and Ostendorf, B. (2010). 
Prescribed burning and sediment movement in the Mount Lofty Ranges, South Australia. 
Bushfire CRC. 

 

Morris, R.H., Bradstock, R.A., Dragovich, D., Henderson, M K., Penman, T.D. and Ostendorf, 
B. (2014). Environmental assessment of erosion following prescribed burning in the Mount 
Lofty Ranges, Australia. International Journal of Wildland Fire 23: pp 104-116. 

 

Mroz, G.D., Jurgensen, M.F., Harvey, A.E. and Larsen, M.J. (1980). Effects of fire on 
nitrogen in forest floor horizons. Soil Science Society of America Journal 44: pp 395-400. 

 

Murphy, B.W., Koen, T.B., Jones, B.A. and Huxedurp, L.M. (1993). Temporal variation of 
hydraulic properties for some soils with fragile structure. Australian Journal of Soil Research 
31(2): pp 179-197. 

 

Murphy, J.D., Johnson, D.W., Miller, W.W., Walker, R.F. and Blank, R.R. (2006). Prescribed 
fire effects on forest floor and soil nutrients in a Sierra Nevada forest. Soil Science 171: pp 
181-199. 

 

Musgrave, G.W. (1947). The quantitative evaluation of factors in water erosion – a first 
approximation. Journal of Soil and Water Conservation 2: pp 133-138. 

 

N 
Narayan, C., Fernandes, P.M., van Brusselen, J. and Schuck, A. (2007). Potential for CO2 
emissions mitigation in Europe through prescribed burning in the context of the Kyoto 
Protocol. Forest Ecology and Management 251: pp 164-173. 

 

National Parks and Wildlife Service (2013). Living with Fire in NSW National Parks. A 
strategy for managing bushfires in national parks and reserves 2012–2021. 

 

National Parks and Wildlife Service (2015). Managing fire in NSW national parks. Available 
at: http://www.environment.nsw.gov.au/fire/mngfireinnswnatpks.htm. Accessed 28 August 
2015. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

68 

 

Neary, D.G., Klopatek, C.C., DeBano, L.F., Ffolliot, P.F. (1999). Fire effects on belowground 
sustainability: a review and synthesis. Forest Ecology and Management 122: pp 51-71. 

 

Neary, D.G., Koestner, K.A., Youberg, A. and Koestner, P.E. (2012). Post-fire rill and gully 
formation, Schultz Fire 2010, Arizona, USA. Geoderma 191: pp 97-104. 

 

Neary, D.G., Ryan, K.C. and DeBano, L.F. (2005). Wildland fire in ecosystems, effects of fire 
on soil and water. General technical report RMRS-GTR-42 Vol. 4. USDA, Rocky Mountain 
Research Station. 

 

Noske, P.J., Lane, P.N.J. and Sheridan, G.J. (2010). Stream exports of coarse matter and 
phosphorus following wildfire in NE Victoria, Australia. Hydrological Processes 24: pp 1514-
1529. 

 

Nyman, P., Sheridan, G.J. and Lane, P.N.J. (2011). Evidence of debris flow occurrence after 
wildfire in upland catchment of south-east Australia. Geomorphology 125: pp 383-401. 

 

O 
O’Connell, A.M., Grove, T.S. and Dimmock, G.M. (1979). The effects of a high intensity fire 
on nutrient cycling in jarrah forest. Australian Journal of Ecology 4: pp 331-337. 

 

Osborn, J.F., Pelishek, R.E., Krammes, J.S. and Letey, J. (1964). Soil wettability as a factor 
in erodibility. Soil Science Society of America Proceedings 28: pp 294-295. 

 

Oswald, B.P., Davenport, D. and Neuenschwander, L.F. (1999). Effects of slash pile burning 
on the physical and chemical soil properties of Vassar soils. Journal of Sustainable Forestry 
8: pp 75-86. 

 

Outeiro, L., Aspero, F. and Ubeda, X. (2008). Geostatistical methods to study spatial 
variability of soil cations after a prescribed fire and rainfall. Catena 74: pp 310-320. 

Overton, F. (1996). Fire Fighting Management and Techniques. Inkata Press, Melbourne. 

 

P 
Packer, I. J., Hamilton, G. J., and White, I. (1984). Tillage practices to conserve soil and 
improve soil conditions. Journal of the Soil Conservation Service of N.S.W. 40: pp 78-87. 

 

Palis, R., Okwach, G., Rose, C. and Saffigna, P. (1990). Soil erosion processes and nutrient 
loss. 1. The interpretation of enrichment ratio and nitrogen loss in runoff sediment, Australian 
Journal of Soil Research 28: pp 623-639. 

 

Parliament of Victoria (2010). 2009 Victorian Bushfires Royal Commission. Final Report. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

69 

 

 

Pereira, P., Ubeda, X. and Martin, D. (2012). Fire severity effects on ash chemical 
composition and water-extractable elements. Geoderma 191: pp 105-114. 

 

Pettersson, K. (1998). Mechanisms for internal loading of phosphorus in lakes, Hydrobiologia 
373-374: pp 21-25. 

 

Petticrew, E.L., Owens, P.N. and Giles, T.R. (2006). Wildfire effects on the quality and 
composition of suspended and gravel-stored sediments. Water, Air and Soil Pollution: Focus 
6(5-6): pp 647-656. 

 

Pfautsch, S., Bleby, T.M., Rennenberg, H. And Adams, M.A. (2010). Long-term sap flow 
measurements reveal influence of temperature and stand structure on water use of 
Eucalyptus regnans forests. Forest Ecology and Management 259: pp 1190-1199. 

 

Phillips, J.D. (2010). The convenient fiction of steady-state soil thickness. Geoderma 156: pp 
389-398. 

 

Pierson, F.B., Robichaud, P.R., Moffet, C.A., Spaeth, K.E., Hardegree, S.P., Clark, P.E. and 
Williams, C.J. (2008). Fire effects on rangeland hydrology and erosion in a steep sagebrush-
dominated landscape. Hydrological Processes 22: pp 2916-2929. 

 

Pierson, F., Robichaud, P. and Spaeth, K. (2001). Spatial and temporal effects of wildfire on 
the hydrology of a steep rangeland watershed, Hydrological Processes 15: pp 2905-2916. 

 

Pillans, B. (1997). Soil development at snail’s pace: evidence from a 6 Ma soil 
chronosequence on basalt in north Queensland, Australia. Geoderma 80: pp 117-128. 

 

Pillsbury, A.F. (1953). Discussion of some effects of fire and ash on the infiltration capacity of 
soil. American Geophysics Union Transactions 34: pp 293-295. 

 

Prentice, I.C., Farquhar, G.D., Fasham, M.J.R., Goulden, M.L., Heimann, M., Jaramillo, V.J., 
Kheshgi, H.S., Le Quere, C., Scholes, R.J. and Wallace, D.W.R. (2001). The carbon cycle 
and atmospheric carbon dioxide. In: Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van 
der Linden, P.J., Dai, X., Maskell, K. And Johnson, C.A. (eds). Climate Change 2001: The 
Scientific Basis. Contribution of Working Group I to the Third Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC): pp 183-237. Cambridge University 
Press. 

 

Prepas, E.E., Burke, J.M., Chanasyk, D.S., Smith, D.W., Putz, G., Gabos, S., Chen, W., 
Millions, D., Serediak, M. (2003). Impact of wildfire on discharge and phosphorous export 
from the Sakwatamau watershed in the Swan Hills, Alberta, during the first two years. 
Journal of Environmental Engineering Science 2: pp S63-S72. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

70 

 

Preston, C.M. and Schmidt, M.W.I. (2006). Black (pyrogenic) carbon: a synthesis of current 
knowledge and uncertainties with special consideration of boreal regions. Biosciences 
Discussions 3: pp 397-420. 

 

Prieto-Fernandez, A., Villar, M.C., Carballas, M. and Carballas, T. (1993). Short-term effects 
of a wildfire on the nitrogen status and its mineralization kinetics in an Atlantic forest soil. Soil 
Biology and Biochemistry 25: pp 1657-1664. 

 

Prosser, I.P. and Winchester, S.J. (1996). History and processes of gully initiation and 
development in Australia. Zeitschrift für Geomorphologie Supplement Band 105: pp 91-109. 

 

Prosser, I. P. and Williams, L. (1998). The effect of wildfire on runoff and erosion in native 
Eucalyptus forest. Hydrological Processes 12: pp 251-265. 

 

Pryor, L.D. (1963). Ash bed growth response as a key to plantation establishment on poor 
sites. Australian Forestry 27: pp 48-51. 

 

Puigedefabregas, J. (2005). The role of vegetation patterns in structuring runoff and 
sediment fluxes in dryland. Earth Surface Processes and Landforms 30: pp 133-147. 

 

Q 
Quintana, J.R., Cala, V., Moreno, A.M. and Parra, J.G. (2007). Effect of heating on mineral 
components of the soil organic horizon from a Spanish juniper, (Juniperus thurifera L.) 
woodland. Journal of Arid Environments 1: pp 45-56. 

 

R 
Rab, M.A. (1996). Soil physical and hydrological properties following logging and slash 
burning in the Eucalyptus regnans forest of southeastern Australia. Forest Ecology and 
Management 84: pp 159-175. 

 

Raison, R.J. (1976). Some effects of the burning of vegetation on soil nitrogen 
transformations. PhD thesis, University of New England. 

 

Raison, R.J. (1979). Modification of the soil environment by vegetation fires, with particular 
reference to nitrogen transformations: A review. Plant and Soil 51: pp 73-108. 

 

Raison, R.J. (1980). The role of fire in nutrient cycling in Australian native forests, and review 
of methodology for studying the fire-nutrient interaction. Australian Journal of Ecology 5: pp 
15-22. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

71 

 

Raison, R.J. (2005). Changes in Flammability of Vegetation in Relation to Fire Frequency: 
Fuel Dynamics after Prescribed Fire and Wildfire in Forests of the ACT. CSIRO Division of 
Forestry and Forest Products, Canberra. 

 

Raison, R.J., Woods, P.V. and Khanna, P.K. (1983). Dynamics of fine fuels in recurrently 
burnt eucalypt forests. Australian Forestry 46: pp 294-302. 

 

Raison, R.J., Khanna, P.K. and Woods, P.V. (1983b). Losses of nitrogen during prescribed 
burning in a Eucalyptus pauciflora forest. Proceedings of the Ecological Society of Australia 
12: pp 172-173. 

 

Raison, R.J., Khanna, P.K. and Woods, P.V. (1985a). Mechanisms of element transfer to the 
atmosphere during vegetation fires. Canadian Journal of Forest Research 15: pp 132-140. 

 

Raison, R.J., Khanna, P.K. and Woods, P.V. (1985b). Transfer of elements to the 
atmosphere during low-intensity prescribed fires in three Australian sub-alpine eucalypt 
forests. Canadian Journal of Forest Research 15: pp 657-664. 

 

Raison, R.J., Woods, and Khanna, P.K. (1986a). Decomposition and accumulation of litter 
after fire in sub-alpine eucalypt forests. Australian Journal of Ecology 11: pp 9-19. 

 

Raison, R.J., Woods, P.V., Jakobsen, B.F. and Bary, G.A.V. (1986b). Soil temperatures 
during and following low-intensity prescribed burning in a Eucalyptus pauciflora forest. 
Australian Journal of Soil Research 24: pp 33-47. 

 

Ramacharlu, P.T. and Rao, K.S. (1954). Changes in porosity of soil on heating and the 
relation between porosity and permeability changes. Journal of the Indian Society of Soil 
Science 2: pp 89-98. 

 

Ranatunga, K., Keenan, R.J., Wullschleger, S.D., Post, W.M. and Tharp, M.L. (2008). Effects 
of harvest management practices on forest biomass and soil carbon in eucalypt forests in 
New South Wales, Australia: Simulations with the forest succession model LINKAGES. 
Forest Ecology and Management 255: pp 2407-2415. 

 

Read, S.M. (2010). Fire and carbon in managed and unmanaged forests. Forestry Tasmania, 
Division of Forest Research and Development, Technical Report 14/2010, Hobart. 

 

Renard, K.G., Foster, G.A., Weesies, G.A. and McCool, D.K. (1997). Predicting soil erosion 
by water: a guide to conservation planning with the Revised Universal Soil Loss Equation 
(RUSLE). Agriculture Handbook No. 703, USDA, Washington DC. 

Renbbuss, M.A., Chilvers, G.A. and Pryor, L.D. ( 1973). Microbiology of an ashbed. 
Proceedings of the Linnaean Society of New South Wales 94: pp 302-311. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

72 

 

Reneau, S.L., Katzman, D., Kuyumjian, G.A., Lavine, A. and Malmon, D.V. (2007). Sediment 
delivery after a wildfire. Geology 35(2): pp 151-154. 

 

Rhoads, C., Entwistle, D. and Butler, D. (2006). Initial stream water response to the Hayman 
fire, Colorado Front Range. In: Elder, K., Dwire, K., Hubbard, R., Rhoades, C., Ryan, S., 
Young, M., Porth, L., Dixon, M. and Goodbody, A. Proceedings of the Second Interagency 
Conference on Research in the Watersheds, May 16-19 2006, Coweeta Hydrologic 
Laboratory, Otto, NC: pp 89-98. 

 

Richards, B.N. (1976). The utilization, management and conservation of the forest resources 
of Fraser Island. University of New England, School of Natural Resources Report No. PR-6. 

 

Richter, D.D., Ralston, C.W. and Harms, W.R. (1982). Prescribed fire: effects on water 
quality and forest nutrient cycling. Science 215: pp 661-663. 

 

Roberts, S., Vertessy, R. and Grayson, R. (2001). Transpiration from Eucalyptus sieberi (L. 
Johnson) forests of different age. Forest Ecology and Management 143: pp 153–161. 

 

Roberts, W.B. (1965). Soil temperatures under a pile of burning logs. Australian Forest 
Research 1: pp 21-25. 

 

Roberts, W.B. and Carbon, B.A. (1972). Water repellence in sandy soils of south-western 
Australia. Australian Journal of Soil Research 10: pp 35-42. 

 

Robichaud, P.R. (2000). Fire effects on infiltration rates after prescribed fire in Northern 
Rocky Mountain forests, USA. Journal of Hydrology 231-232: pp 220-229. 

 

Rodriquez-Alleres, M., Varela, M.E. and Benito, E. (2012). Natural severity of water 
repellency in pine forest soils from NW Spain and influence of wildfire severity on its 
persistence. Geoderma 191: pp 125-131. 

 

Romanya, J., Khanna, P.K. and Raison, R.J. (1994). Effects of slash burning on soil 
phosphorus fractions and sorption and desorption of phosphorus. Forest Ecology and 
Management 65: pp 89-103. 

 

Ronan, N.M. (1986). The hydrological effects of fuel reduction burning and wildfire at Wallaby 
Creek. Melbourne and Metropolitan Board of Works, MMBW-W-0015. 

 

Rowe, R.K. and Hagel, U. (1974). Leaching of plant nutrient ions from burnt forest litter. 
Australian Forestry 36: pp 342-355. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

73 

 

Roxburgh, S.H., Wood, S.W., Mackey, B.G., Woldendorp, G. and Gibbons, P. (2006). 
Assessing the carbon sequestration potential of managed forests: A case study from 
temperate Australia. Journal of Applied Ecology 43: pp 1149-1159. 

 

Rulli, M.C. and Rosso, R. (2007). Hydrologic response of upland catchments to wildfires. 
Advances in Water Resources 30: pp 2072-2086. 

 

Rulli, M.C., Bozzi, S., Spada, M., Bocchiola, D. and Rosso, R. (2006). Rainfall simulations on 
a fire disturbed Mediterranean ecosystem. Journal of Hydrology 327: pp 323-338. 

 

Russell-Smith, J., Murphy, B.P., Meyer, C.P., Cook, G.D., Maier, S., Edwards, A.C., Schatz, 
J. and Brocklehurst, P. (2009). Improving estimates of savannah burning emissions for 
greenhouse accounting in northern Australia: limitations, challenges, applications. 
International Journal of Wildland Fire 18: pp 1-18. 

 

Rustomji, P.K. and Hairsine, P.B. (2006). Revegetation of water supply catchments following 
bushfire: A review of the scientific literature relevant to the Lower Cotter catchment. CSIRO 
Land and Water Science Report 9/06, April 2006. 

 

S 
Santi, P.M., DeWolfe, V.G., Higgins, J.D., Cannon, S.H., Gartner, J.E. (2008). Sources of 
debris flows material in burned areas. Geomorphology 96: pp 310-321. 

 

Saunders, I. and Young, A. (1983). Rates of surface processes on slopes, slope retreat and 
denudation. Earth Surface Processes and Landforms 8: pp 473-501. 

 

Savage, S.M. (1974). Mechanisms of fire-induced water repellency in soil. Soil Science 
Society of America Proceedings 38: pp 652-657. 

 

Scharenbroch. B.C., Nix, B., Jacobs, K.A. and Bowles, M.L. (2012). Two decades of low-
severity prescribed fire increases soil nutrient availability in a Midwestern, USA oak 
(Quercus) forest. Geoderma 183-184: pp 80-91. 

 

Schmidt, M.W.I., Skjemstad, J.O., Czimczik, C.I., Glaser, B., Prentice, K.M., Gelinas, Y., 
Kuhlbusch, T.A.J. (2001). Comparative analysis of black carbon in soils. Global 
Biogeochemical Cycles 15: pp 163-167. 

 

Schoch, P. and Binkley, D. (1986). Prescribed burning increased nitrogen availability in a 
mature loblolly pine stand. Forest Ecology and Management 14: pp 13-12. 

 

Scott, D.F. (1993). The hydrological effect of fire in South African mountain catchments. 
Journal of Hydrology 150: pp 409-432. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

74 

 

 

Scott, D.F. and van Wyk, D.B. (1990). The effect of wildfire on soil wettability and 
hydrological behaviour of an afforested catchment. Journal of Hydrology 121: pp 239-256. 

 

Scott, D.F., Verfeld, D.B. and Lesch, W. (1998). Erosion and sediment yield in relation to 
afforestation and fire in the mountains of the Western Cape Province, South Africa. South 
African Geographical Journal 80: pp 52-59. 

 

Selby, M.J. (1982). Hillslope Materials and Processes. Oxford University Press. 

 

Selkirk, P.M. and Adamson, D. (1981). The effect of fire on Sydney Sandstone. In: Bushfires, 
their effect on Australian Life and Landscape, P. Stanbury (ed.). The Macleay Museum, 
University of Sydney. 

 

Sevink, J., Imeson, A.C. and Verstraten, J.M. (1989). Humus form development and hillslope 
runoff, and the effects of fire and management, under Mediterranean forest in NE-Spain. 
Catena 16: pp 461-475. 

 

Shakesby, R.A. (2011). Post-wildfire soil erosion in the Mediterranean: a review and future 
research direction. Earth Science Reviews 105: pp 71-100. 

 

Shakesby, R.A and Doerr, S.H. (2006). Wildfire as a hydrological and geomorphological 
agent. Earth Science Reviews 74: pp 267-307. 

 

Shakesby, R.A., Chafer, C.J., Doerr, S.H., Blake, W.H., Wallbrink, P.J., Humphreys, G.S. 
and Harrington, B.A. (2003). Fire Severity, Water Repellency Characteristics and 
Hydrogeomorphological Changes Following the Christmas 2001 Sydney Forest Fires. 
Australian Geographer 34(2): pp 147-175. 

 

Shakesby, R.A., Doerr, S.H. and Walsh, R.P.D. (2000). The erosional impact of soil 
hydrophobicity: current problems and future research directions. Journal of Hydrology 231-
232: pp 178-191. 

 

Shakesby, R.A., Wallbrink, P.J., Doerr, S.H., English, P.M., Chafer, C,J., Humphreys, G.S., 
Blake, W.H., and Tomkins, K.M. (2007). Distinctiveness of wildfire effects on soil erosion in 
south-east Australian eucalypt forests assessed in a global context. Forest Ecology and 
Management 238: pp 347-364. 

 

Sheridan, G.J., Lane, P.N.J. and Noske, P.J. (2007). Quantification of hillslope runoff and 
erosion processes before and after wildfire in a wet Eucalyptus forest. Journal of Hydrology 
343: pp 12-28. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

75 

 

Sheridan, G., Lane, P., Noske, P., Feikerna, P., Sherwin, C. And Grayson, R. (2007b). 
Impact of the 2003 Alpine Bushfires on Streamflow: Estimated changes in stream exports of 
sediment, phosphorous and nitrogen following the 2003 bushfires in eastern Victoria. Murray-
Darling Basin Commission, MDBC Publication No. 22/08, Canberra. 

 

Sinclair, J.D. and Hamilton, E.L. (1955). Streamflow reactions to a fire-damaged watershed. 
In: Proceedings of the Hydraulic Division. American Society of Civil Engineering, New York. 

 

Sinclair Knight Mertz (2004). Bushfire Recovery Program. The Impact of the 2003 Alpine 
Bushfires on Streamflow. Task 1 – Broadscale assessment, Consulting report to Department 
of Sustainability and Environment, Victoria. 

 

Singer, M.J. and Munns, D.N. (1996). Soils: An Introduction. Prentice Hall, New Jersey. 

 

Singh, G., Geissler, E.A. (1985). Late Cainozoic history of vegetation, fire, lake levels and 
climate, at Lake George, New South Wales, Australia. Philosophical Transactions of the 
Royal Society of London, B 311: pp 379-447. 

 

Singh, G., Kershaw, A.P., Clark, R. (1981). Quaternary vegetation and fire history in 
Australia. In: Gill, A.M., Groves, R.A., Noble, I.R. (eds), Fire and the Australian Biota. 
Australian Academy of Science, Canberra, pp. 23-54. 

 

Soil Conservation Service of New South Wales (1983). The environmental impact of 
bushfires. Submission by the Soil Conservation Service of N.S.W. to the House of 
Representatives Standing Committee on Environment and Conservation, July 1983. 

 

Smith, H.G. and Dragovich, D. (2008). post-fire hillslope erosion response in a subalpine 
environment, south-eastern Australia. Catena 73: pp 274-285. 

 

Smith, H.G., Sheridan, G.J., Lane, P.N.J., Sherwin, C.B. (2010). Paired Eucalyptus forest 
catchment study of prescribed fire effects on suspended sediment and nutrient exports in 
south-eastern Australia. International Journal of Wildland Fire 19: pp 624-636. 

 

Smith, H.G., Sheridan, G.J., Lane, P.N.J., Nyman, P. and Haydon, S. (2011a). Wildfire 
effects on water quality in forest catchments: a review with implications for water supply. 
Journal of Hydrology 396: pp 170-192. 

 

Smith, H., Cawson, J., Sheridan, G. and Lane, P. (2011b). Desktop review – Impact of 
bushfires on water quality. Forests and Water Group, Department of Forest and Ecosystem 
Science, Melbourne School of Land and Environment, University of Melbourne. 

 

Spencer, C.N. and Hauer, F.R. (1991). Phosphorous and nitrogen dynamics in streams 
during a wildfire. Journal of the North American Benthological Society 10: pp 24-30. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

76 

 

 

Spigel, K.M. and Robichaud, P.R. (2007). First-year post-fire erosion rates in Bitterroot 
National Forest, Montana. Hydrological Processes 21: pp 998-1005. 

 

Springett, J.A. (1976). The effect of prescribed burning on the soil fauna and on litter 
decomposition in Western Australian forest soils. Australian Journal of Ecology 1: pp 77-82. 

 

Stephens, C.G. and Bond, R.D. (1957). Nitrogen economy in plantations of Pinus radiata. 
Australian Forestry 21: pp 117-119. 

 

Stephens, S.L., Meixner, T., Poth, M., McGurk, B. and Payne, D. (2004). Prescribed fire, 
soils, and stream water chemistry in a watershed in the Lake Tahoe Basin, California. 
International Journal of Wildland Fire 13: pp 27-35. 

 

Stevens, D. P., Cox, J. W. and Chittleborough, D. J. (1999). Pathways of phosphorus, 
nitrogen, and carbon movement over and through texturally differentiated soils, South 
Australia, Australian Journal of Soil Research 37: pp 679-693. 

 

Stockmann, U. (2010). Quantifying processes of pedogenesis. A Field Study Situated in the 
Werrikimbe National Park in South-Eastern Australia. University of Sydney, 234 pp. 

 

Stockmann, U., Minasny, B. and McBratney, A.B. (2013). How fast does soil grow? 
Geoderma 216: pp 48-61. 

 

Stoof, C.R., Moore, D., Rotsema, C.J. and Dekker, L.W. (2011). Natural and fire-induced soil 
water repellency in a Portuguese shrubland. Soil Science Society of America Journal 75(6): 
pp 2283-2295. 

 

Swift, M. J., Heal, O. W. and Anderson, J. M. (1979). Decomposition in terrestrial 
ecosystems. Blackwell Scientific Publications, Melbourne. 372 pp. 

 

T 
Tarrant, R.F. (1956). Effects of slash burning on some soils of the Douglas fir region. Soil 
Science Society of America Proceedings 20: pp 408-411. 

 

Terefe, T., Mariscal-Sancho, I., Peregrina, F. and Espejo, R. (2008). Influence of heating on 
various properties of six Mediterranean soils. A laboratory study. Geoderma 143: pp 273-
280. 

 

Tessler, N., Greenbaum, N., Wittenberg, L. (2008). Rehabilitation processes of soil chemical 
properties after forest fires in Israel, Mt. Carmel 1983-2006. Horizons in Geography 71: pp 
118–137. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

77 

 

 

Tessler, N., Wittenberg, L. and Greenbaum, N. (2012). Soil water repellency persistence 
after recurrent forest fires on Mount Carmel, Israel. International Journal of Wildland Fire 
22(4): pp 515-526. 

 

Thomas, A.D., Walsh, P.R.D. and Shakesby, R.A. (1999). Nutrient losses in eroded sediment 
after fire in eucalyptus and pine forests in the wet Mediterranean environment of northern 
Portugal. Catena 36: pp 283-302. 

 

Tiedemann, A.R. (1987). Combustion losses of sulphur from forest foliage and litter. Forest 
Science 33: pp 216-223. 

 

Tiedemann, A.R., Conrad, C.E., Dieterich, J.H., Hornbeck, J.W., Megahan, W.F., Viereck, 
L.A. and Wade, D.D. (1979). Effects of fire on water: a state-of-knowledge review. United 
States Department of Agriculture Forest Service, General Technical Report WO-10. 

 

Tomkins, I.B., Kellas, J.D., Tolhurst, K.G. and Oswin, D.A. (1991). Effects of fire intensity on 
soil chemistry in a eucalypt forest [Eucalyptus sp.] forest. Australian Journal of Soil Research 
29: pp 25-47. 

 

Townsend, S.A. and Douglas, M.M. (2000). The effect of three fire regimes on stream water 
quality, water yield and export coefficients in a tropical savanna (northern Australia). Journal 
of Hydrology 229: pp 118-137. 

 

Townsend, S.A. and Douglas, M.M. (2004). The effect of a wildfire on stream water quality 
and catchment water yield and export coefficients in a tropical savanna excluded from fire for 
10 years (Kakadu National Park, North Australia). Water Research 38 (13): pp 3051-3058. 

 

Tozer, P. and Leys, J. (2013). Dust storms – what do they really cost? The Rangeland 
Journal 35(2) pp 131-142. 

 

Truog, E. (1946). Soil reaction influence on availability of plant nutrients. Soil Science Society 
of America Proceedings 11: pp 305-308. 

 

Tunstall, B.R., Martin, T., Walker, J., Gill, A.M. and Aston, A. (1976). Soil temperatures 
induced by an experimental log pile fire: preliminary data analysis. CSIRO Division of Land 
Use Research Technical Memorandum 76/20. 

 

Turner, J. and Lambert, M.J. (1977). The response of forest ecosystems to disturbance: 
regeneration of forest stands through vegetation successions following disturbance. 
Proceedings of a Symposium on Nutrient Cycling in Indigenous Forest Ecosystems. CSIRO, 
Division of Land Resources Management, Perth: pp 125-135. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

78 

 

U 
Ulery, A.L., Graham, R.C. and Amrhein, C, (1993). Wood-ash composition and soil pH 
following intense burning. Soil Science 156: pp 358-364. 

 

Ulery, A.L., Graham, R.C. and Bowen, L.H. (1996). Forest fire effects on phyllosilicates in 
California. Soil Science Society of America Journal 60(1): pp 309-315. 

 

Underwood, R., Packham, D. and Cheney, P. (2008). Bushfires, Prescribed Burning and 
Global Warming. Bush Fire Front Occasional Paper No 1. Available at: 
http://bushfirefront.com.au/opinion/occasional-papers. 

 

V 
Vadilonga, T., Ubeda, X. Germann, P.F. and Lorca, M. (2008). Effects of prescribed burning 
on soil hydrologic parameters. Hydrological Processes 22: pp 4249-4256. 

 

van Loon, A.P. (1969). Investigations into the effects of prescribed burning on young even-
aged blackbutt. Forestry Commission of New South Wales Research Note No. 23. 

 

van Loon, A.P. and Love, L.A. (1973). A prescribed burning experiment in young slash pine. 
Forestry Commission of New South Wales Research Note No. 25. 

 

Verheijen, F.G.A., Jones, R.J.A., Rickson, R.J. and Smith, C.J. (2009). Tolerable versus 
actual soil erosion rates in Europe. Earth-Science Reviews 94 (1-4): pp 23-38. 

 

Vertessy, R. (2003). Vegetation re-growth in the upper catchment post the 2003 bushfires. 
In: Hardie, R. (ed.), Preliminary review of selected factors that may change future flow 
patterns in the River Murray System, Earth Tech. 

 

Vertessy, R.A., Hatton, T.J., Benyon, R.G. and Dawes, W.R. (1996). Long-term growth and 
water balance predictions for a mountain ash (Eucalyptus regnans) forest catchment subject 
to clear-felling and regeneration. Tree Physiology 16 (1-2): pp 221-232. 

 

Vertessy, R.A., Hatton, T.J., O'Shaughnessy, P.J. and Jayasuriya, M.D.A. (1993). Predicting 
water yield from a mountain ash forest catchment using a terrain analysis based catchment 
model. Journal of Hydrology 150 (2-4): pp 665-700. 

 

Vertessy, R.A., Watson, F.R. and O’Sullivan, S.K. (2001). Factors determining relations 
between stand age and catchment water balance in mountain ash forests. Forest Ecology 
and Management 143: pp 13-26. 

 

http://www.sciencedirect.com/science/journal/00221694


Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

79 

 

Vines, R.G., Gibson, L., Hatch, A.B., King, N.K., MacArthur, D.A., Packham, D.R. and Taylor, 
R.J. (1971). On the nature, properties and behaviour of bush fire smoke. CSIRO Division of 
Applied Chemistry Technical Report No. 1. 

 

Volkova, L., Meyer, C.P., Murphy, D., Fairman, T., Reisen, F. and Weston, C. (2014). Fuel 
reduction burning mitigates wildfire effects on forest carbon and greenhouse gas emission. 
International Journal of Wildland Fire 23: pp 771-780. 

 

W 
Wahlenberg, W.G. (1935). Effect of fire and grazing on soil properties and the natural 
reproduction of longleaf pine. Journal of Forestry 33: pp 331-338. 

 

Wahlenberg, W.G., Greene, S.W. and Reed, H.R. (1939). Effects of fire and cattle grazing on 
longleaf pine lands, as studied at McNeil, Mississippi. United States Department of 
Agriculture, Technical Bulletin 683, June 1939, Washington DC. 

 

Walker, J., Raison, R. and Khanne, P. (1986). Fire. In: Russell, J. and Isbell, R. (eds). 
Australian Soils: The Human Impact. University of Queensland Press. 

 

Walker, P.H. and Coventry, R.J. (1976). Soil profile development in some alluvial deposits of 
eastern New South Wales. Australian Journal of Soil Research 14: pp 305-317. 

 

Wan, S., Hui, D., and Luo, Y. (2001). Fire effects on N pools and dynamics in terrestrial 
ecosystems: a meta-analysis. Ecological Applications 11: pp 1349-1365. 

 

Wasson, R.J., Croke, B.F., McCulloch, M.M., Mueller, N., Olley, J., Starr, B., Wade, A., 
White, I. and Whiteeway, T. (2003). Sediment, particulate and dissolved organic carbon, iron 
and manganese input to Corin Reservoir. Report to ActewAGL for the Cotter Catchment Fire 
Remediation Project, WF 30014. Centre for Resource and Environment Studies, Australian 
National University. 

 

Watson, F., Vertessy, R. and Grayson, R. (1999a). Large scale modelling of forest 
hydrological processes and their long term effect on streamflow, Hydrological Processes 13: 
pp 689-700. 

 

Watson, F., Vertessy, R., McMahon, T., Rhodes, B. and Watson, I. (1999b), The hydrologic 
impacts of forestry on the Maroondah catchments. Cooperative Research Centre for 
Catchment Hydrology. Report 99/1. 

 

Watson, F.G.R., Vertessy, R.A., McMahon, T.A., Rhodes, B. and Watson, I. (2001). 
Improved methods to assess water yield changes from paired catchment studies: Application 
to the Maroondah catchments. Forest Ecology and Management 143: pp 189-204. 

 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

80 

 

Watson. G.W. (1977). Metabolism of forest floors. MSc thesis, University of New England. 

 

Weaver, H. (1957). Effects of prescribed burning in second growth ponderosa pine. Journal 
of Forestry 55: pp 823-826. 

 

Webster, I. T., Ford, P. W. and Hancock, G. (2001). Phosphorus dynamics in Australian 
lowland rivers, Marine and Freshwater Research 52: pp 127-37. 

 

Wells, C.G. (1971). Effects of prescribed burning on soil chemical properties and nutrient 
availability. In: Prescribed Burning Symposium Proceedings. United States Department of 
Agriculture Forest Service, Southeastern Forest Experiment Station, Asheville, NC: pp 86-97. 

 

Wells, C.G. and Jorgensen, J.R. (1975). Nutrient cycling in loblolly pine plantations. In: B. 
Bernier and C.H. Winget (eds), Forest Soils and Land Management. Proc. 4th North 
American Forest Soils Conference. Les Presses de l'Universite Laval, Quebec: pp 137-158. 

 

Wells, C.G., Campbell, R.E., DeBano, L.F., Lewis, D.E., Frederiksen, R.L., Franklin, E.C., 
Froelich, R.C. and Dunn, P.H. (1979). Effects of fire on soil. A state-of-knowledge review. 
United States Department of Agriculture Forest Service General Technical Report WO-7. 
Washington, DC, 27 pp. 

 

White, E.M., Thompson, W.W. and Gartner, F.R. (1973). Heat effects on nutrient release 
from soils under ponderosa pine. Journal of Range Management 26: pp 22-24. 

 

White, I., Wade, A., Worthy, M., Mueller, N., Daniell, T. and Wasson, R. (2006). The 
vulnerability of water supply catchments to bushfires: impacts of the January 2003 wildfires 
on the Australian Capital Territory. Australian Journal of Water Resources 10(2): pp 179-193. 

 

Wilkinson, M.T. and Humphreys, G.S. (2005). Exploring pedogenesis via nuclide-based soil 
production rates and OSL-based bioturbation rates. Australian Journal of Soil Research 43: 
pp 767-779. 

 

Wilkinson, M.T., Chappell, J., Humphreys, G.S., Fifield, K., Smith, B. and Hesse, P. (2005a). 
Erratum for soil production in heath and forest, Blue Mountains, Australia: influence of 
lithology and palaeoclimate. Earth Surface Processes and Landforms 30: pp 1683-1685. 

 

Wilkinson, M.T., Chappell, J., Humphreys, G.S., Fifield, K., Smith, B. and Hesse, P. (2005b). 
Soil production in heath and forest, Blue Mountains, Australia: influence of lithology and 
palaeoclimate. Earth Surface Processes and Landforms 30(8): pp 923-934. 

 
Wilkinson, S., Wallbrink, P., Hancock, G., Blake, W., Shakesby, R. and Farwig, V. (2007). 
Impacts on water quality by sediments and nutrients released during extreme bushfires: 
Report 4: Impacts on Lake Burragorang. Report for the Sydney Catchment Authority. CSIRO 
Land and Water Science Report 6/07, February 2007. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

81 

 

 
Williams, A., Karoly, D. and Tapper, N. (2001). The sensitivity of Australian fire danger to 
climate change. Climate Change 49: 171-191.illiams, M.R. and Melack, J.M. (1997). Effects 
of prescribed burning and drought on the solute chemistry of mixed-conifer forest streams of 
the Sierra Nevada, California. Biogeochemistry 39: pp 225-253. 
 

Wilson, C.J. (1999). Effects of logging and fire on runoff and erosion on highly erodible 
granitic soils in Tasmania. Water Resources Research 35: pp 3531-3546. 

 

Wischmeier, W. H. (1972). Upslope erosion analysis. In: Shen, H.W. (ed). Environmental 
impact on rivers. Water Resources Publ., Fort Collins 15.1-15.26. 

 

Wischmeier, W. H., and Smith, D. D. (1965). Predicting rainfall-erosion losses from cropland 
east of the Rocky Mountains. Agriculture Handbook No. 282, United States Department of 
Agriculture, Washington, DC. 

 

Wischmeier, W. H., and Smith, D. D. (1978). Predicting rainfall erosion losses. Agriculture 
Handbook No. 537, United States Department of Agriculture, Science and Education 
Administration. 

 

Wittenberg, L. (2012). Post-fire soil ecology: properties and erosion dynamics. Israel Journal 
of Ecology and Evolution 58(2): pp 151-164. 

 

Wittenberg, L. and Inbar, M. (2009). The role of fire on runoff and erosion processes – a 
long-term approach, Mt Carmel case study, Israel. Geographical Research 47: pp 46-56. 

 

Wittenberg, L., Malkinson, D. and Barzilai, R. (2014). The differential response of surface 
runoff and sediment loss to wildfire events. Catena 121: pp 241-247. 

 

Wondzell, S.M. and King, J.G. (2003). Postfire erosional processes in the Pacific Northwest 
and Rocky Mountain regions. Forest Ecology and Management 178: pp 75-87. 

 

Wood, S.A., Beringer, J., Hutley, L.B., McGuire, A.D., Van Dijk, A, and Kilinc, M. (2008). 
Impacts of fire on forest age and runoff in mountain ash forests. Functional Plant Biology 35: 
pp 483-492. 

 

Woods, P.V. and Raison, R.J. (1983). Decomposition of litter in sub-alpine forests of 
Eucalyptus delegatensis, E. pauciflora and E. dives. Australian Journal of Ecology 8: pp 287-
299. 

 

Woods, P.V., Raison, R.J. and Khanna, P.K. (1983). Litter and soil temperatures during and 
after a prescribed burn in Eucalyptus pauciflora forest, and the effect of altered microclimate 
on subsequent rates of litter decomposition. Proceedings of the Ecological Society of 
Australia 12: pp 174-5. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

82 

 

 

Woods, S.W., Birkas, A. and Ahl, R. (2007). Spatial variability of soil hydrophobicity after 
wildfires in Montana and Colarado. Geomorphology 86: pp 465-479. 



Fire and Soils: A review of the potential impacts of different fire regimes on soil erosion and 
sedimentation, nutrient and carbon cycling, and water quantity and quality 

83 

 

Y 
Yang, X. (2014). Deriving RUSLE cover factor from time-series fractional vegetation cover for 
hillslope erosion modelling in New South Wales. Soil Research 52: pp 253-261. 

 

Yusiharni, E., and Gilkes, R.J. (2012). Changes in the mineralogy and chemistry of a lateritic 
soil due to a bushfire at Wundowie, Darling Range, Western Australia. Geoderma 191: pp 
140-150. 

 

Yusiharni, E., Ziadi, H. and Gilkes, R.J. (2007). A laboratory and glasshouse evaluation of 
chicken litter ash, wood ash and iron smelting slag as liming agents and P fertilisers. 
Australian Journal of Soil Research 45: pp 374-389. 

 

Z 
Zhang, L., Dawes, W. and Walker, G. (2001). The response of mean annual 
evapotranspiration to vegetation changes at catchment scale. Water Resources Research 
37: pp 701-708. 

 

Zuazo, V.D. and Pleguezuelo, C.R.R. (2009). Soil-erosion and runoff prevention by plant 
covers: a review. Agronomy for Sustainable Development 28: pp 65-86. 
 

 


