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SUMMARY 

This document presents an exhaustive literature review of the various tools and methodologies that have been 
applied in the countries of the Mediterranean Basin for the post-fire monitoring of vegetation in forested and non-
forested ecosystems.  

In addition, reports on relevant monitoring procedures from other parts of the world have been included in order 
to produce a state of the art on the subject and proceed towards the evaluation of the present stautus and the 
elaboration of common procedures and approaches. 

After an introductory chapter where the importance of vegetation monitoring is described, there are three 
chapters dedicated to the different levels of vegetation monitoring.  

For each level, the monitored variables and the relevant methodology are described.  
Furthermore, different tools for data analysis are briefly mentioned.  
??Population level: Usually, the monitored variables are related to species abundance, i.e. density, cover, 

frequency and to individual growth and biomass development. Less frequent is the monitoring of species 
spatial pattern and demography. Plots and transects are the commonest sampling techniques. For data 
analysis several tools are available from classical statistics to multiple regression and correspondance 
analysis. 

??Community level: Vegetation analysis and monitoring can be either structural or floristical. In the former 
case vegetation cover, layering (profil) and/or biomass development are usually recorded. In the latter 
case, the monitored variables include species composition and richness, species abundance and 
community diversity. Apart from the plot and transect sampling techniques, the point intercept quadrat 
method has also been frequently applied. Apart from following the temporal pattern of the monitored 
variables, data processing includes the production of qualitative and quantitative spectra (life forms, 
functional groups), the calculation of diversity indices, the evaluation of community stability and the 
interpretation of the monitored variables with other abiotic or biotic factors (canonical correspondence 
analysis). 

??Landscape level: The studies performed at this level show great variability in the approaches followed. This 
variability is seen both in their way of treating both the spatial and the temporal component. Remote 
sensing of post-fire recovery is usually based on the proportion of the green vegetation component in the 
signal. In general, the NDVI is used, although some studies have investigated other applications such as 
Spectral Mixture Analysis (SMA).  In trems of time scale, some studies report on short-term (immediately 
effects or less than 5 years after fire) whereas others extend on long-term scale, more than 10 years. 

The last chapter gathers 122 bibliographical references that were reviewed for the production of the current 
deliverable. 

GLOSSARY 

None 

ASSOCIATED FILES 
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1 GENERAL INTRODUCTION 

 

Unit 04, was originally moderated by MARGARITA 
ARIANOUTSOU P021, JOSÉ MORÉNO P020, ROGER 
PRODON P019 and RAMON VALLEJO P009, has been in 
charge the activities related to WP04. 

The current leader is RAMON VALLEJO, and JULI 
PAUSAS P009 administrates the section within the 
EUFIRELAB web site. 

1.1 PLANNED ACTIVITIES DURING THE 
CONTRACT 

The participants: 
- evaluate and elaborate common methodologies and 

procedures to monitor the recovery of the burned 
areas, with an emphasis on the long term 
monitoring of a network of reference study sites 
(natural observatories) in forested and non-forested 
areas. 

1.2 PERFORMED ACTIVITIES 

An exhaustive literature review has been carried out 
covering mainly the Mediterranean Basin.  

The specific objective of this task is to concentrate 
on methodological tools related to the issue of 
vegetation monitoring and to suggest the most 
appropriate ones in relation to the working task. 
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2 VEGETATION MONITORING: INTRODUCTION 

 

There is a great deal of studies related to post-fire 
vegetation monitoring across the Mediterranean basin, 
covering a variety of forested and non-forested 
ecosystems.  

The vast majority of them explore the short-term 
patterns of various aspects of vegetation dynamics and 
relate them to several factors such as fire 
characteristics, prefire vegetation structure and 
composition, land use and fire history, etc.  

Still, it has been realised that in order to fully 
understand the role of fire and to evaluate the resilience 
of the different ecosystems towards this disturbing 
agent, long-term monitoring was required.  

Long-term post-fire vegetation monitoring can be 
either direct or indirect.  

In the former case, sampling units are established 
right after the fire event and the studied variables are 
monitored for several consecutive years.  

This approach is also called diachronic approach.  
Although this approach has been successfully 

applied in grasslands and shrublands, i.e. vegetation 
types that reach maturity within a short period of years, 
it becomes very difficult when forest vegetation is 
concerned.  

To our knowledge, it is only in the United States that 
some reports on long-term vegetation dynamics based 
on the study of old (more than 50-yr-old) permamnet 
plots has been produced.  

Alterernatively, given the restrains of the long-term 
direct vegetation monitoring, the indirect or synchronic 
approach has been developed.  

According to this approach, a series of communities 
of the same vegetation type differing in the time elapsed 
since the disturbance, called a chronosequence, are 
sampled for the same variables and the results are 
(indirectly) plotted against time.  

Although it has been argued that the synchronic 
approach is not always as reliable as the diachronic 
one, since the specific site history maybe of greater 
importance than assumed, it has been recognised that 
this "space for time substitutes" can greatly enhance 
our knowledge on mechanisms and patterns of 
vegetation dynamics and permit the testing of general 
hypotheses. 

In a parallel effort to reduce the shortcomings and 
exploit the advantages of the two approaches, a 
combination of them has been recently applied in 
Greece with success.  

Studies on vegetation monitoring can be classified 
according to the hierarchical level they address to.  

Consequently, there are studies focusing on the 
monitoring of plant population dynamics, studies that 
focus on the whole plant community and studies that 
monitor vegetation at the landscape level, where 
different patches or types of vegetation maybe included.  

This hierarchical approach to vegetation monitoring 
has been followed to the tables that were prepared in 
order to fascilitate the reviewing of the available 
literature and is also maintained in the present report.  

These tables (together with two examples of data 
introduction) are downloadable from the site under 
Ecology /Directories/ T3a_monitoring, page 
http://www.eufirelab.org/prive/directory_list.php?genre_i
d=4&rep_id=333. 
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3 POPULATION LEVEL 
 

There are three main cases where population 
monitoring is required.  

The first case refers to those species that were 
dominant before the fire event and, consequently, their 
regeneration is of primary importance for the ecosystem 
resilience.  

Studies focusing on population monitoring of pines 
in the Mediterranean-climate pine forests or of Cistus 
spp. in shrublands characterized by Cistus dominance 
are examples of this first case.  

Second is the case of species or group of species 
that are important for the ecosystem resilience not by 
forming a dominant component of the vegetation but by 
playing an important role in one or more of the system 
functions.  

This is the case of studies on members of Cistaceae 
and Leguminosae families in Mediterranean-climate 
pine forests, where the species in question may not be 
dominant before the fire but are quite abundant right 
after the fire event, playing a crucial role to the 
ecosystem recovery.  

Finally, there is the case of rare, threatened or 
endangered species, where the monitoring of their 
populations is important for their conservation.   

From the available studies, it seems that the most 
common sampling technique for monitoring plant 
populations is the use of permanet plots.  

The choise of size, the shape and the number of 
different plots is related both to species characteristics 
(growth form, abundance, spatial distribution within the 
community) and to area that has to be included in the 
study.  

Accordingly, there is a wide variety of sampling 
protocols.  

Usually the minimum plot area varies from 1/4 m2 or 
even less, in the case of seedlings, to 10 m2 or more 
(up to 0.1ha, when trees are involved).  

Consequently, it is common, whenever a 
demographic analysis is included, to use different plot 
dimensions per different age class (seedlings, juveniles, 
matures), in terms of plots and subplots within the plots. 

In the vast majority of studies, the shape of the plots 
is square or rectangle, but there are some researchers 
who prefer circular plots (defined by its radius).  

The number of the plots is extremely variable.  
The range varies usually between 10-50, but it can 

be as high as several hundreds. 

As far as the arrangement of the plots is concerned, 
there are studies where the distribution of the plots is 
random, while according to other protocols, plots are 
established following a certain pattern along a transcet.  

Still, no matter the sampling protocol, the 
commonest parameters recorded are species cover and 
species density.  

Species cover is usually recorded for species that 
regenerate vegetatively after fire.  

For many resprouters (e.g. Quercus coccifera or 
Brachypodium retusum) it is impossible to decide 
weather two different resprouts belong to the same or 
different individuals.  

In order to avoid over- or under-estimating the 
species population, cover is selected as the recorded 
variable.   

In some reports, the growth of individual plants, or 
the biomass accumulation is recorded.  

If these variables are recorded together with species 
abundance, then the plot sampling technique is applied.  

Otherwise, if only the temporal pattern of plant 
growth and biomass development is studied, then it is 
possible not to follow the plot sampling protocol but to 
randomly select individuals in the community for 
monitoring.   

A very interesting tool of monitoring at the population 
level is the demographic monitoring, according to which 
not only the species abundance is recorded, but also 
the abundance of different age classes.  

In such a way, the fate of the newly established 
individuals can be followed for successive years and be 
related to factors such as microsite characteristics, 
intra- and interspecies competition, etc.  

Additionally, other aspects of demography such as 
age to maturity or life span and senescence are being 
approached.  

Demographic monitoring is very important for 
species of conservation priority. 

Although there is a great deal of data on plant 
population monitoring after fire from a variety of 
Mediterranean-climate ecosystems across the 
Mediterranean Basin, most of them are restricted to 3 - 
5 consecutive years.  

There are few long-term studies, where permanet 
plots are being revisited and the same variables are 
been recorded.  

Usually, this is the case of studies where the plots 
had been frequently sampled during the first postfire 
years (on an annual basis or even more frequently) and 
then resampled after 3 or 5 years, etc.  

Even fewer are the long-term population monitoring 
studies with the synchronic approach. 

Non-linear regression analysis of individual species 
abundance against time has been proposed as a tool 
that provides the opportunity to distinguish between 
actual patterns and stochastic flactuations.  

Still, this analysis is advised only in the availability of 
long-term data.  

For short-term data, tools from classical statistics 
have been used, e.g. to test significant difference 
between different years or sites, or to test normal 
distribution of variables.  

If, apart from data on species performance, data on 
site characteristics have been collected, then multiple 
regression and correspondance analysis is usually 
performed to test the significance of the various 
environmental factors. 
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4 COMMUNITY LEVEL  
 

Vegetation analysis and monitoring can be either 
structural or floristic or a combination of the above.  

In the structural approach variables such as cover, 
vertical organisation (profile) and spatial heterogeneity 
are being monitored.  

Results are afterwards plotted against time and the 
overall pattern is produced.  

The structural analysis of vegetation has the 
advantage of not being time consuming – in several 
cases it is based on visual estimation – but nothing 
more than general trends can be produced.  

Nowadays, structural monitoring is performed only in 
studies where vegetation is not the main target but just 
a variable that influences other ecosystem components 
(avifauna, soil animals) and functions (soil 
development, soil erodibility). 

In the floristic approach, vegetation is regarded as a 
plant community, which consists of populations of 
different species.  

Accordingly, the emphasis is on vegetation 
composition and the monitored variables are species 
composition and richness, species abundance and 
community diversity.  

However, the objectives of these studies are very 
different and because of that they show a great 
methodological heterogeneity.  

As already mentioned, the applied sampling 
techniques vary in terms of their design and 
arrangement (unit size, shape, replicate number and 
distribution in the burned community).  

In general, all protocols used can be distinguished 
into two general categories, that of plots and that of 
transects.  

The transect approach has the advantage of 
permitting the sampling of a wider part of the 
community in minimum time.  

The main drawback is the absence of reference 
material in the literature, since the vast majority of 
studies (in particular the more classical ones) have 
been performed with the plot sampling.  

Another drawback of transects is that it is difficult to 
compare with the literature, because of the different 
length, and different inter-point distances (point 
intercept).   

This drawback is especially important when studying 
species richness patterns; changes in species richness 
may be very sensitive to length, and to inter-point 
distances in the transects and cannot be compared with 
area-based species richness. 

Another sampling technique applied in case where 
many different communities have to be included and 
time is a restraining factor, is the point intercept 
sampling technique, according to which measurements 
refer neither to within plots nor across transects but only 
at certain points across a transect.  

In few studies, a spatial explicit sampling scheme 
has been applied, which allows to study spatial 
heterogeneity of plant distribution and the post-fire 
changes in spatial pattern. 

Finally, there are a few studies where vegetation 
monitoring is performed by applying phytosociological 
protocols (BRAUN-BLAQUET OR ELLENBERG).  

The commonest analysis of data includes plotting of 
species richness against time, either as a whole (total 
richness) or after grouping species into different 
categories, according to their life form, regeneration 
mode or a combination of vital attributes that permit the 
classification into functional groups.   

Furthermore, abundance of species or group of 
species is plotted against time in the cases where 
quantitative data are available.  

In order to combine qualitative with quantitative data, 
several indices have been proposed, providing 
information on the diversity of the community and its 
change over time.  

Additionally, in some cases indices on the stability of 
the community over time have been proposed (e.g. 
fugacity index), while in other cases cluster analysis or 
indirect ordination methods are been applied for the 
same reason.  

Direct correspondence analysis is a very important 
tool that has been developed during the last years and 
has been used very effectively in chronosequence 
studies in order to clarify which other factors, apart from 
post-fire age, determine species composition and 
abundance, and, consequently, evaluate whether the 
included and sampled communities/stands form a true 
chronosequence (i.e. a seral of communities with 
similar characteristics) or not. 
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5 LANDSCAPE LEVEL  
 

The studies about the fire effects on landscape 
structure show great diversity of approaches due to the 
different way to treat the spatial and temporal 
component.  

Some studies analyse fire effects at short-term 
(immediately effects or less than 5 years after fire) 
whereas others focus on long-term scale considering 
the effects over more than 10 years.  

The usual means used are aerial photographs and 
satellite images.  

Continuous data by NDVI values, texture indices or 
semivariograms and nominal data by land cover 
classes have been the main landscape variables used 
to infer the effects of fire on landscapes and, in all the 
cases, spatially explicit fire perimeters were considered 
to carry out the analysis.  

In general, changes in FRAGSTATS landscape 
metrics have been used as surrogates of the effects of 
fire on landscape structure.  

The regeneration process has been analysed at 
landscape scale considering continuous data (NDVI) for 
multiple burned areas to characterise the pathway of 
recovery using regression models at middle–term (not 
more than 10 years after fire).  

The remote sensing of post-fire recovery is usually 
based on the proportion of the green vegetation 
component in the signal.  

In general, the NDVI is used, although some studies 
have investigated other applications such as Spectral 
Mixture Analysis (SMA).  

LANDSAT MSS and TM imagery is most widely 
used because they can provide time series since 1975, 
but the application of SAR imagery seems to be very 
promising in post-fire recovery mapping.  

The usefulness of hyperspectral remote sensing 
data, such as AVIRIS, in characterising the 
regeneration process has been assessed as useful for 
estimating post-fire recovery.  

SWIR reflectance measured by LANDSAT TM has 
been found to be sensitive to burned area and biomass.  

Artificial Neural Network (ANN) models performed 
better than multiple regression models in predicting the 
regeneration age because the former are highly 
effective in mapping non-linear relationships between 
reflectance and regeneration age.   

Single-channel density slices of band 7 of LANDSAT 
MSS has been used to report the first-year recovery of 
vegetation.  

Burn severity has been mapped using a band ratio 
of MSS7/MSS5, and performing an unsupervised 
classification to detect vegetation change. 

Synthetic Aperture Radar (SAR) can estimate 
volumes of vegetation, and therefore is able to map 
parameters related to forest biomass, namely, stem 
volume, total growing stock, or above ground net 
primary productivity.  

SAR has been used in several regeneration studies 
carried out after disturbances other than fire.  

SAR proved to be highly reliable in areas with small 
biomass, such as burned or harvested areas.  

It seems that the technique offers unique 
possibilities to update existing inventory data and to 
characterize (1) the level of disturbances and their 
consequences, (2) succession regularities, (3) 
restoration processes in forests, and (4) the current 
state of forests.  

The change in spatial patterns among multi-
resolution images is a new source of information for 
diagnosing surface characteristics.  

Maps of post-fire recovery, in combination with GIS 
databases, may be used, to show the relationship 
between post-fire recovery and spatial and temporal 
patterns in the environment (topography, weather, 
management), to indicate areas in need of protective 
measures, and to monitor fire-induced land use 
changes.  

Fire impact mapping is strongly dependent on field 
validation in order to link spectral classes on the image 
with the visible classes of fire severity in the field.  

Normally, fire impact is mapped after a single fire, 
preferably some weeks after the fire.  

Post-fire recovery is less dependent on field 
validation because the most important aspect of post-
fire recovery is the temporal change over several 
images, in comparison with unburned sites or pre-fire 
conditions. 

One of the advantages of using Remote Sensing 
techniques is that it is possible to get RS imagery from 
pre-fire conditions and relate then to post-fire 
regeneration.  

Also it allows to related spatial features (topography) 
with fire severity 

Finally, the temporal and spatial analysis capacities 
of GIS enable a better understanding of the 
relationships between fire impact and/or post-fire 
recovery and between landscape characteristics and 
fire regime. 
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