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EDITORIAL

ADVANCES TOWARDS AN INTEGRATED ASSESSMENT
OF FIRE EFFECTS ON SOILS, VEGETATION AND
GEOMORPHOLOGICAL PROCESSES

PREFACE
Background

It is now generally accepted that fire is a natural disturbance
agent (Naveh, 1975; Scott, 2010) and has been an important
evolutionary driver of vascular plant species in fire-prone areas
as evidenced by, for example, the numerous resprouter and
seeder species in the Mediterranean Basin (Pausas et al.,
2004; Pausas & Verdd, 2005). At the same time, there has
been a growing awareness of and an increasing concern about
an intensification of fire regimes across the world during the
past decades (Adam, 2013; Attiwill & Binkley, 2013; Moritz
et al., 2014; Pausas et al., 2008). In the EU Mediterranean re-
gion, the annual number of wildfires have roughly ranged
from 20000 to 70 000 between 1980 and 2010, and the annual
burnt area from 0-2 to 1 Mha (San-Miguel-Ayanz et al., 2013).
Globally, 301 to 377 Mha burned each year between 1997 and
2011, averaging 348 Mha per year (Giglio et al., 2013).
Societal and political concerns regarding the present-day
fire regime have largely focussed on the efforts and costs
of suppressing wildfires as well as on the wildfires’ direct
impacts in terms of losses of human lives and livestock,
losses of and damages to property, and health problems
due to air pollution. Recently, a considerable body of scien-
tific evidence has emerged that shows that fire can also have
noticeable and, typically, undesirable effects on air, water,
soil and other living organisms and their communities. In
the case of soils—the focus of this special issue [reflecting
its origin at an European Geosciences Union (EGU) session
of the Soil System Sciences division]—this body of evi-
dence appears to be growing rapidly, as, for example,
suggested by the number of papers reviewing fire effects
on soils that have been published in peer-reviewed journals
over the past five years (2011-2015) as compared with the
preceding five years (2006-2010), that is 12 versus 5 (e.g.
Shakesby & Doerr, 2006; Pausas et al., 2008; Keeley,
2009; Peppin et al., 2010; Shakesby, 2011; Wang et al.,
2012; Moody et al., 2013; Bodi et al., 2014; Vieira et al.,
2015). There is also a growing number of abstract submis-
sions related to the fire issue to the EGU and American Geo-
physical Union, as well as to other international well-know
meetings such as Eurosoil, the International Soil Science
Society or the Soil Science Society of America (Figure 1).
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Increasing recognition of the diverse-direct and indirect
effects of fires on soils and soil processes reinforces the need
for furthering the current knowledge. The range of these
effects reflects, in part, differences between fires themselves
in terms of intensity, timing and spatial extent. In the case of
soil water repellency (SWR), a main topic of four of the
papers in this special issue (Aznar et al., 2016; Jiménez-
Morillo et al., 2016; Lozano et al., 2016; Malvar et al.,
2016a), it is now clear that fire does not necessarily induce
or enhance SWR, as had become widely accepted since the
1960s following the work by DeBano and colleagues (e.g.
Debano, 1981). Fire can also reduce or eliminate SWR, or
have no noticeable short-term or long-term impacts on it.
Likewise and contrary to generally established understand-
ings (Moody & Martin, 2009; Scott et al., 2009), fire does
not necessarily enhance soil erosion, the main topic of six
of the papers in this special issue (Estrany et al., 2016; Inbar
et al., 2016; Malvar et al., 2016b; Martinez-Murillo et al.,
2016; Prats et al., 2016a, 2016b). In response to these
emerging understandings of these complex responses to fire
effects on soils, Shakesby (Shakesby, 2011) and Moody
et al. (2013) recently argued in favour of a region specific
rather than unified perspective towards fire-induced erosion
response. A second argument for continued research is that
aspects of fire-induced changes to soils and soil processes
have been overlooked or otherwise received comparatively
little research attention. Examples addressed in this special
issue include the role of fire regime and, in particular, fire
recurrence (Tessler et al., 2016), the long-term effects of fire
on soil organic carbon (Mora et al., 2016) and the effective-
ness of post-fire soil conservation measures (Guénon &
Gros, 2016; Inbar et al., 2016; Prats et al., 2016a, 2016b).

In view of the marked complexity of the environmental
and ecological effects of fire and the resulting necessity of
studying them in an integrated manner, we convened a
session at the 2014 assembly of the EGU to share recent
findings and exchange ideas about other approaches and
methods and/or working across geographical realms. As an
important outcome of this session, this special issue entitled
‘Advances towards an integrated assessment of fire effects
on soils, vegetation and geomorphological processes’ com-
prises 16 manuscripts based on oral and poster presentations
from the EGU session. We believe that the papers in this
special issue clearly demonstrate that the need for ‘ideal’
studies, as outlined by Doerr & Cerda (2005), has become
even more urgent given the likely future increase in
climate-driven fire danger due to increasing temperatures
and decreasing rainfall (Mitchell ef al., 2014; Moritz et al.,
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Figure 1. High severity fires deeply impact vegetation and soil properties

and functions and ecosystem response. Shrub vegetation was almost

completely consumed, and topsoil properties visibly affected by a wildfire
on La Palma (Spain).

2014; San-Miguel-Ayanz et al., 2013). In addition,
stakeholder involvement is becoming increasingly recog-
nized as a key element in any integrated assessment of the
impacts of fire regimes on soil ecosystem services and,
ultimately, of the policies affecting fire regimes. This is well
illustrated by the paper by Pereira et al. (2016b) in this
special issue.

ADDITIONAL INSIGHTS

In addition to addressing SWR and soil erosion, papers in
this issue provide new insights into vegetation recovery, soil
biochemistry and erosion mitigation.

Advances in post-fire vegetation recovery

Tessler et al. (2016, this issue) evaluate the impact of fire
recurrence on the recovery of Mediterranean vegetation.
They study vegetation cover and plant species richness in
areas affected by fires of different recurrence and recovery
intervals. Results suggest that the impact of fire on vegeta-
tion response depends on the time elapsed from the previous
fire and that the species composition depends on the number
of fire events. According to their results, high-fire frequency
may delay or even suppress vegetation recovery, whereas
regeneration may accelerate following long-fire intervals

F2 (Figure 2).

Pereira et al. (2016, this issue) clarify the factors af-
fecting the rapid vegetation recovery after a grassland
fire. The authors evaluate the effect of aspect and slope
position on fire severity and, therefore, on vegetation
recovery by measuring soil cover at different time inter-
vals because of the fire. They suggest that aspect and
slope angle influence fire severity and vegetation recov-
ery, increasing the former and reducing the later. The
occurrence of ash and soil accumulation and of rainfall
events are also factors affecting the fast vegetation recov-
ery of the studied area.

Copyright © 2016 John Wiley & Sons, Ltd.

Figure 2. Vegetation recovery and hillslope stabilization treatments are key
factors for soil conservation and ecosystem regeneration. Log debris bar-
riers and forest recovery 1 year after a wildfire in Canary Islands (Spain).

Advances in soils affected by fire

Aznar et al. (2016, this issue) evaluate to what soil depth-
key physical and chemical soil properties are affected by
fire-induced heating. A laboratory approach with undis-
turbed blocks of soil is used to mimic field and control burn-
ing conditions. The authors show the effect of moderate
severity fires on topsoil properties and also emphasize its
limited impact on deeper horizons. Additionally, the results
link soil organic matter (SOM) reduction and chemical alter-
ation to changes in other key soil properties such as SWR.

Long-term effects of fire on soils of two volcanic eco-
systems, a fire-adapted pine forest and a laurel forest not
prone to fire, are studied by Mora et al. (2016, this issue).
Topsoil physical-chemical properties are evaluated in a
chronosequence in order to determine the persistence of
fire impacts on their soil fertility. The authors suggest sub-
stantial differences in the nature and persistence of fire-
induced impacts on the topsoil of the ecosystems evaluated
and therefore in their vulnerability and management.

The assessment of spatial and temporal dynamics of SWR
in recently burned eucalypt plantations was the main objec-
tive of Malvar et al. (2016, this issue). The authors carried
out a 1- to 2-year SWR monitoring at different scenarios
of fire occurrence and pre-fire management practices. The
high spatial and temporal variability found, not totally ex-
plained by the occurrence of moderate severity fires, man-
agement operations or by the precedent rainfall and soil
moisture content, suggest major implications for manage-
ment of hydrological processes.

The interactions between SOM and SWR were studied in
an old-fired affected area by Jiménez-Morillo er al. (2016,
this issue). The authors analysed SWR under different plant
species and for different fractions in order to determine the
effect of SOM content and organic molecular assemblage
on this property. One important finding is that SOM content
explains the response of SWR for finer fractions, whereas
the degree of evolution of SOM is the main factor affecting
SWR values for coarser fractions.

LAND DEGRADATION & DEVELOPMENT, (2016)
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Lozano et al. (2016, this issue) evaluate glomalin-related
soil protein (GRSP) as a proxy for fire severity. They used
a laboratory approach to study the response of GRSP to
heating and the soil properties affecting this response. The
results show that GPSR content is highly susceptible to tem-
perature increases and that its response to heating depends
on soil texture, structure and soil organic carbon. The use
of GRSP is proposed to evaluate temperature reached during
the fire and thereby fire severity when other indicators are
not available, or together with them for a more accurate
assessment.

The potential use of compost to restore nutrient cycling of
fire-affected areas is studied by Guénon & Gros (2016, this
issue). Microbial activity involved in the main nutrient
cycles was evaluated after the addition of composts of differ-
ent qualities to a chronosequence of fire-affected Mediterra-
nean areas. The authors highlight the influence of compost
quality and time because the fire on the acceleration of nutri-
ent cycling and suggest that the selection of the appropriate
compost to restore burned areas should be based on both
factors.

Fernandez et al. (2016, this issue) propose a cartographic
technique to map organic carbon and to explore the stabil-
ity of the organic compounds in fire-affected areas. The au-
thors use hyperspectral images combined with near-
infrared spectroscopy to model carbon stocks in the post-
fire period. High accuracy is obtained using partial least-
square regressions in the upper 5cm of soils. The authors
conclude that this method can be applied to areas where
the vegetation cover reduces the ability of the sensors to
monitor SOM.

Advances in post-fire water erosion studies and mitigation
strategies

After wildfires, soils are partially or totally exposed to
erosion by water, depending on the fire severity and
the removal of vegetation and ash. The methods to
study these processes are mainly based on field tech-
niques. Other studies combine field data with laboratory
observations and results from experimental fires. Some
research addresses mitigation practices to minimize
post-fire erosion and to enhance vegetation recovery.
Some new findings from such studies are included in
this special issue.

Estrany e al. (2016, this issue) study the 137Cs and
210Pbex contents in soils affected by fire concluding that
these isotopes help assess the impacts of wildfire on fluvial
environments downstream of burned areas. Both tracers are
used to quantify the proportional contributions of fine sed-
iment from hillslope surface and channel bank sources to
suspended sediment and channel bed deposits following
wildfire. Martinez-Murillo et al. (2016, this issue) present
results from monitoring overland flow and soil loss to as-
sess the short-term response to experimental fires. The
most erosive events were delayed by 1-5 years after the pro-
tective cover of ash and rock fragments were naturally
removed.

Copyright © 2016 John Wiley & Sons, Ltd.

Regarding some new advances in the application of mit-
igation techniques to post-fire environments, Lado et al.
(2016, this issue) present a laboratory investigation into
the effectiveness of granular polyacrylamide (PAM) to re-
duce erosion in soils exposed to different fire conditions
(unburned, low-moderate severity fire and prolonged
heating under moderate temperature). Granular PAM effec-
tively reduced post-fire erosion. However, especially in
soils with high structural stability, the applied dosage needs
to be selected properly in order to find the right balance be-
tween its stabilising effect on soil structure, and the effect
PAM exerts to increase run-off during the first storm
(Figure 3).

Prats et al. (2016a, 2016b, this issue) present two investi-
gations about the efficacy of the application of mulch (forest
residues: straw, needles and wood-based material) to miti-
gate post-fire run-off and soil losses on a logged and burnt
eucalypt hillslope. Their results indicate forest residue
mulching is an effective post-fire treatment for enhancing
vegetation regrowth and reducing run-off rates. Authors
emphasize the importance of the scaling-up process in this
type of studies.

Finally, this special issue also include investigations
about the combined effect and pre-existent ploughing oper-
ations from the post-fire run-off and erosion point of view
(Malvar et al., 2016b; this issue) and the application of
modelling techniques to simulate rainfall-run-off response,
under soil-water-repellent conditions and different stages
of vegetation recovery (van Eck et al., 2016). The former
indicates that using rainfall simulations the sediment losses
were significantly higher on the unploughed than on the
pre-fire ploughed site during the first year and especially
during the second year after the fire. It was remarkable that
half of the eroded sediments consisted of organic matter.
The latter shows the applied model performed better for
individual hydrographs, especially under wet conditions,
giving a close to equal model performance with the Leaf
Area Index and therefore can be considered a suitable substi-
tute for ground-based measurements in post-fire run-off
predictions.

Figure 3. Experimental set-up for testing the effectiveness of forest residue
mulching on post-fire run-off and erosion (the two plots on the left are those
studied by Prats et al., 2016a).

LAND DEGRADATION & DEVELOPMENT, (2016)



4 J. F. MARTINEZ-MURILLO ET AL.

J. F. Martinez-Murillo

jfmmurillo@uma.es

Departamento de Geografia Universidad de Malaga
Andalucia Tech. Campus de Teatinos 29071 Madlaga, Spain

J. Neris
Department of Geography, College of Science Swansea
University Swansea SA2 8PP, West Glamorgan, UK

K. Hyde
Independent Scholar Missoula, MT, USA

J. Keizer

Centre for Environmental and Marine Studies (CESAM),
Department of Environment and Planning University of
Aveiro 3810-193 Aveiro, Portugal

REFERENCES

Adam MA. 2013. Mega-fires, tipping points and ecosystem services:
managing forests and woodlands in an uncertain future. Forest Ecology
and Management 294: 250-261.

Attiwill P, Binkley D. 2013. Exploring the mega-fire reality: a ‘forest
ecology and management’ conference (editorial). Forest Ecology and
Management 294: 1-3.

Aznar JM, Gonzdlez-Pérez JA, Badia D, Marti C. 2016. At what depth are
the properties of a gypseous forest topsoil affected by burning? Land
Degradation & Development . DOI:10.1002/1dr.2258.

Bodi MB, Martin DA, Balfour VN, Santin C, Doerr SH, Pereira P, Cerda A,
Mataix-Solera J. 2014. Wildland fire ash: production, composition and
eco-hydro-geomorphic effects. Earth-Science Reviews 130: 103-127.
DOI:10.1016/j.earscirev.2013.12.007.

DeBano, L.F., 1981. Water repellent soils: a state-of-the-art. United States
Department of Agriculture, Forest Service, General Technical Report,
PSW-46, Berkeley, California, 21 pp.

Doerr SH, Cerda A. 2005. Fire effects on soil system functioning: new in-
sights and future challenges. International Journal of Wildland Fire 14:
339-342. DOI:10.1071/WF05044.

Estrany E, Lopez-Tarazén JA, Smith HG. 2016. Wildfire effects on
suspended sediment delivery quantified using fallout radionuclide tracers
in a Mediterranean catchment. Land Degradation & Development .
DOI:10.1002/1dr.2462.

Ferndndez S, Pedn J, Recondo C, Calleja JF, Guerrero C. 2016. Spatial
modelling of organic carbon in burned mountain soils using
hyperspectral images, field datasets and NIR spectroscopy (Cantabrian
Range; NW Spain). Land Degradation & Development . DOI:10.1002/
1dr.2452.

Giglio L, Randerson JT, van der Werf GR. 2013. Analysis of daily,
monthly, and annual burned area using the fourth-generation global fire
emissions database (GFED4). Journal of Geophysical Research, Biogeo-
sciences 118: 317-328.

Guénon R, Gros R. 2016. Soil microbial functions after forest fires affected
by the compost quality. Land Degradation & Development
DOI:10.1002/1dr.2393.

Jiménez-Morillo NT, Gonzilez-Pérez JA, Jordan A, Zavala LM, de la Rosa
JM, Jiménez-Gonzédlez MA, Gonzilez-Vila FJ. 2016. Organic matter
fractions controlling soil water repellency in sandy soils from the Dofiana
National Park (Southwestern Spain). Land Degradation & Development .
DOI:10.1002/1dr.2314.

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

Lado M, Inbar A, Sternberg M, Ben-Hur M. 2016. Effectiveness of granular
polyacrylamide to reduce soil erosion during consecutive rainstorms in a

Copyright © 2016 John Wiley & Sons, Ltd.

calcic regosol exposed to different fire conditions. Land Degradation &
Development . DOI:10.1002/1dr.2448.

Lozano E, Chrenkovd E, Arcenegui V, Jiménez-Pinilla P, Mataix-Solera J,
Mataix-Beneyto J. 2016. Glomalin-related soil protein response to
heating temperature: a laboratory approach. Land Degradation & Devel-
opment . DOI:10.1002/1dr.2415.

Malvar MC, Prats SA, Nunes JP, Keizer JJ. 2016a. Soil water repellency
severity and its temporal variation in burnt eucalypt plantations in
north-central ~ Portugal. Land Degradation &  Development
DOI:10.1002/1dr.2450.

Malvar MC, Prats S, Keizer JJ. 2016b. Runoff and inter-rill erosion af-
fected by wildfire and pre-fire ploughing in eucalypt plantations of
north-central Portugal. Land Degradation & Development
DOI:10.1002/1dr.2365.

Martinez-Murillo JF, Hueso-Gonzélez P, Ruiz-Sinoga JD, Lavee H, 2016.
Short-term experimental fire effects in overland flow and soil loss from
plots in Mediterranean conditions (south of Spain). Land Degradation
& Development. Article in Press.

Mitchell RJ, Liu Y, O’Brien JJ, Elliott KJ, Starr G, Miniat CF, Hiers JK.
2014. Future climate and fire interactions in the southeastern region of
the United States. Forest Ecology and Management 327: 316-326.

Moody JA, Martin DA. 2009. Forest Fire Effects on Geomorphic Processes.
In Fire Effects on Soils and Restoration Strategies, Cerda A, Robichaud
PR (eds). Science Publishers; 41-80.

Moody JA, Shakesby RA, Robichaud PR, Cannon SH, Deborah DA. 2013.
Current research issues related to post-wildfire runoft and erosion pro-
cesses. Earth-Science Reviews 122: 10-37.

Mora JL, Armas-Herrera CM, Guerra JA , Arbelo CD, Rodriguez-
Rodriguez A, Notario-del-Pino JS, 2016. A long-term effects of wildfires
on the properties of forest soils from the Canary Islands. Land Degrada-
tion & Development. DOI: DOI: 10.1002/1dr.2458

Moritz MA, Batllori E, Bradstock RA, Malcolm Gill A, Handmer J,
Hessburg F, Leonard J, McCaffrey S, Odion DC, Schoennagel T,
Syphard AD. 2014. Learning to coexist with wildfire. Nature 515: 58—66.

Naveh Z. 1975. The evolutionary sequence of fire in the Mediterranean re-
gion. Vegetatio 29: 199-208.

Pausas JG, Bradstock RA, Keith DA, Keeley JE, Fire Network GCTE.
2004. Plant functional traits in relation to fire in crown-fire ecosystems.
Ecology 85: 1085-1100.

Pausas JG, Llovet J, Rodrigo A, Vallejo VR. 2008. Are wildfires a disaster
in the Mediterranean basin? A review. International Journal of Wildland
Fire 17: 713-723.

Pausas JG, Verdu M. 2005. Plant persistence traits in fire-prone ecosys-
tems of the Mediterranean Basin: a phylogenetic approach. Oikos 109:
196-202.

Peppin D, Fulé PZ, Sieg CH, Beyers JL, Hunter ME. 2010. Post-wildfire
seeding in forests of the western United States: an evidence-based re-
view. Forest Ecology and Management 260: 573-586.

Pereira P, Cerda A, Jordin Loépez A, Zavala LM, Mataix-Solera J,
Arcenegui V, Misiune I, Keesstra S, Novara A. 2016. Short-term vegeta-
tion recovery after a grassland fire in Lithuania. The effects of fire sever-
ity, slope position and aspect. Land Degradation & Development .
DOI:10.1002/1dr.2498.

Prats S, Wagenbrenner JW, Martins MAS, Maruxa Cortizo M, Keizer JJ.
2016a. Hydrologic implications of post-fire mulching across different
spatial scales. Land Degradation & Development . DOI:10.1002/
1dr.2422.

Prats S, Malvar M, Vieira DCS, MacDonald L, Keizer JJ. 2016b. Effective-
ness of hydromulching to reduce runoff and erosion in a recently burnt
pine plantation in Central Portugal. Land Degradation & Development
. DOI:10.1002/1dr.2236.

San-Miguel-Ayanz J, Moreno JM, Camia A. 2013. Analysis of large fires in
European Mediterranean landscapes: lessons learned and perspectives.
Forest Ecology and Management 294: 11-22.

Scott DF, Curran MP, Robichaud PR, Wagenbrenner JW. 2009. Soil ero-
sion after forest fire. In: Fire Effecs on Soils and Restoration Strategies,
Cerda A, Robichaud PR (eds.). Science Publishers, pp: 177-196.

Scott AC. 2010. Charcoal recognition, taphonomy and uses in
palaecoenvironmental analysis. Palaeogeography, Palaeoclimatology,
Palaeoecology 291: 11-39.

Shakesby RA, Doerr SH. 2006. Wildfire as a hydrological and geomorpho-
logical agent. Earth Science Reviews T4: 269-307.

Shakesby RA. 2011. Post-wildfire soil erosion in the Mediterranean:
review and future research directions. Earth Science Reviews 105:
71-100.

LAND DEGRADATION & DEVELOPMENT, (2016)



FIRE EFFECTS ON SOILS, VEGETATION AND GEOMORPHOLOGICAL PROCESSES 5

Tessler N, Sapir Y, Wittenberg L, Greenbaum N. 2016. Recovery of Med-
iterranean vegetation after recurrent fires: insight form the 2010 forest-
fire on Mount Carmel, Israel. Land Degradation & Development .
[Q10]Tessler N, Sapir Y, Wittenberg L, Greenbaum N. 2015. Recovery of Med-
iterranean vegetation after recurrent forest fires: insight from the 2010
forest fire on Mount Carmel, Israel. Land Degradation & Development.
Article in Press. DOI: 10.1002/1dr.2419
van Eck CM, Nunes JP, Vieira DC, Keesstra S, Keizer JJ. 2016. Phys-
ically-based modelling of the post-fire runoff response of a forest
catchment in central Portugal: using field vs. remote sensing based

Copyright © 2016 John Wiley & Sons, Ltd.

estimates of vegetation recovery. Land Degradation & Development.
Article in Press.

Vieira DCS, Ferndndez C, Vega JA, Keizer JJ. 2015. Does soil burn sever-
ity affect the post-fire runoff and interrill erosion response? A review
based on meta-analysis of field rainfall simulation data. Journal of Hy-
drology 523: 452-464.

Wang Q, Zhong M, Wang S. 2012. A meta-analysis on the response of
microbial biomass, dissolved organic matter, respiration, and N mineral-
ization in mineral soil to fire in forest ecosystems. Forest Ecology and
Management 271: 91-97.

LAND DEGRADATION & DEVELOPMENT, (2016)



