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Abstract 

Destruction and fragmentation of forests following fires are recently 
becoming a worldwide concern. To conserve biodiversity of fire-affected 
ecosystems, understanding the spatial and temporal dynamics of vegetation 
response after forest fires is critical. The main objective of this research 
was to model post-fire vegetation regeneration. It was hypothesised that a 
dynamic model driven by hyper-temporal satellite data, can predict 
vegetation regeneration with a high accuracy compared to the model output 
of field data.  
 
Regeneration was defined and quantified using species diversity. Jacknife 
and Shannon indices were used to estimate richness and diversity. The 
potential of normalised difference vegetation index (NDVI) derived from 
high temporal resolution SPOT VGT was used to characterise vascular 
plant species richness of post fire Mediterranean ecosystems. NDVI was 
positively correlated with high species richness for shrub and herbaceous 
land cover classes. However no significant relationships between NDVI 
and species richness were detected for the mixed, coniferous and broadleaf 
forest cover classes.  
 
To monitor vegetation regeneration after fire a STELLA model based on 
10-day series NDVI and fire intensity for the period (2001-2005) was 
developed. Results obtained show that areas moderately burnt regenerate 
faster and can reach their prefire state earlier than the severely burnt areas. 
Species richness predictions derived from the remote sensing driven model 
were closer to field estimates than those from the fire intensity model.  
 
Future research should explore the use of NDVI and other vegetation 
indices derived from finer spatial resolution satellite data to monitor 
vegetation response in post fire scenarios. 
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1. INTRODUCTION 

1.1. Background 

Destruction and fragmentation of forests following fires are recently becoming a 
worldwide concern (Carmel, 2001). Although fire is a natural process of the 
Mediterranean ecosystems (Chuvieco, 1997; Trabaud et al., 1980), human influence 
has intensified its impact and altered natural fire cycles (Naveh, 1975) transforming 
the original landscape into degraded ecosystems. In order to support biodiversity 
conservation of fire affected ecosystems detailed descriptions coupled with 
understanding of spatial and future dynamics is required (Western et al., 1989).  
 
Forest communities vary in their ability to recover after fire (Arnan et al., 2006). The 
recovery is determined by many factors but fire intensity is considered to be one of 
the most important parameters (Malanson, 1985; Sousa, 1984; Whelan, 1995; 
MaDiaz-Delgado, 2003). Increased fire can enhance the expansion of tolerant plant 
functional types (Thonicke et al., 2001). This brings in the concept of resilience and 
stability in the understanding of vegetation dynamics. Kaine and Tozer, (2005) 
define resilience “as the domain over which disruption can be experienced and yet 
there is a return to repeated behaviour, the strength of the forces at the boundaries 
of these domains and the resistance of these boundaries to change. Stability is the 
propensity of a system to attain equilibrium condition.” Ecosystems that experience 
frequent fire disturbances over long periods consequently develop a unique species 
pool adapted to fire (Nengondo, 2005). Burning opens up the area for seed 
germination and also releases seeds of fire dependent species (Gashow and 
Michelson, 2002). The species that occur may therefore be more resistant to fire 
disturbance than often believed (Eriksson et al., 2002) and so conservation of such 
landscapes may warrant specific attention. 
 
Apart from fire regime survival and growth of regeneration is dependent on the 
prevailing environmental conditions and individual species survival characteristics 
(Hoffman and Franco, 2003). Therefore, local abiotic and biotic factors such as 
climate, soil properties, competition for light, water and nutrients explain patterns of 
plant diversity (Gabriel, 2005). Unfortunately, interactions between fire intensity and 
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plant regeneration are poorly known especially at landscape scale (Diaz-Delgado et 
al. 2003). At this scale remote sensing imagery has demonstrated to be a suitable tool 
for monitoring plant regeneration after fire (Diaz Delgado and Pons, 2001; Diaz 
Delgado et al., 2003). 
 
Satellite sensor data have the potential of providing repetitive and non destructive 
alternatives to expensive and labour intensive field measurements (Meki et al., 2004; 
Verbesselt, 2006). Few studies have explored the potential of hyper temporal 
satellite data to predict vegetation regeneration in post fire scenarios. Theory states 
that assessing the resilience of a plant community to disturbance requires measuring 
the changes over a very long time at least one cycle of the disturbance itself (Connell 
and Slatyer, 1977). The use of hyper temporal imagery therefore can bring some 
insights into the relationship between fire intensity and plant regeneration. To 
integrate these aspects and aid understanding motivates the need to develop models.  
 
Spatially explicit dynamic models are useful tools for decision makers working in the 
field of forest management (Western et al., 1989). STELLA software offers a 
practical way to dynamically visualize and communicate complex systems. Studies 
involving growth over several time periods attest  to be  more informative than an 
assessment of fire at a single instant (Vanclay, 2006). Advances in understanding 
temporal dynamics of vegetation can aid the definition of new post fire management 
criteria in burned areas under different fire severity levels.  This is important 
considering that, effective policies for sustainable development and preservation of 
biological diversity (Stoms and Estes, 1993), require a better understanding of the 
temporal and spatial scale of the processes that naturally maintain species within 
particular areas and habitats (Ricklefs, 1995 and Oindo, 2000 ). 
 

1.2. Problem Statement 

• In recent decades, the number of forest fires in the European Mediterranean 
region has increased drastically (Gitas et al., 2004).  
In Portugal recurrent forest fires constitute one major ecological disturbance that 
has profound effect on the dynamics of plant populations, influencing 
recruitment, mortality, dominance and size distribution of many plant species 
(Koutsias and Karteris, 2000). 

• Information on fire regime from Mediterranean systems suggests that, short term 
effects may be positive. For example, vegetation nutrient concentrations maybe 
increased. However their long term effect results in significant losses of 
nutrients through volatilisation and erosion of ash (Vijver et al., 1999), substrate 
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loss (Alcaniz et al., 1996). These effects may delay post fire vegetation 
regeneration (Thomas and Wein 1985). Therefore it is important to monitor 
regeneration over several time periods since the last date fire. Apart from fire 
frequency the interactions between fire intensity and plant regeneration are 
poorly known in this region. Regeneration of vegetation is a dynamic process by 
which life recolonises land when the vegetation has been partially or totally 
destroyed (Auroasha, 1998). Life recovers the lost ground through the 
mechanism of the succession of species. 
The question that arises is: How best can we understand the complex link 
between fire regime and its effects on vegetation regeneration at landscape 
scale? 

 
• Many models have been developed for various scales and applications. Glob-

FIRM (Global Fire Model) coupled into Dynamic Global Vegetation Model 
(Stitch et al 2000; Smith, 2001) provides a bidirectional feedback between fire 
and vegetation (Thonicke et al., 2001). Such models were done at global level 
0.50 (~50km). Although they successfully simulate fire regimes, there is a need to 
focus at the landscape scale to aid an understanding of the regeneration after 
forest fires. State of-the art process oriented models including processes of 
topography-dependent lateral fire spread designed at relatively fine scales 
(Albini, 1976, Keane et al., 1996) as in Thonicke et al., 2001) have also been 
developed. Nevertheless, the gap in understanding the link between fire intensity 
and vegetation regeneration in post fire communities still exists. Other 
researchers have looked at species level. Turner, et al.(2004), used aerial 
photographs and extensive field measurements to develop allometric 
relationships between species and leaf area index on post fire communities. Such 
models are not very flexible when we try to extrapolate them to other areas and 
they lack the temporal dimension. 

 
• Modeling environment based on the systems dynamics paradigm for continuous 

systems modeling have dramatically improved the accessibility of modeling tools 
to researchers with few programming or mathematical skills. In spite of this 
development the potential of this approach in bridging the understanding gap 
between fire intensity and vegetation regeneration utilizing, field measurements 
and hyper temporal remotely sensed data has not been explored. 
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1.3. Objective 

The main objective of this research is to model post fire vegetation regeneration. The 
model aims at improving our understanding on the response of forest vegetation after 
being exposed to different fire regimes. The model was calibrated using field 
observation data while predictions were based on fire intensity and hyper-temporal 
NDVI satellite data. 
 

1.3.1. Research Questions 

To achieve the above objective the following questions were posed: 
1. Can we define a quantified vegetation regeneration index that captures 

the diversity of vascular plant species in post fire scenarios? 
 

2. Is NDVI for different land cover types significantly correlated with 
regeneration index? 
 

3. Can we develop and calibrate a dynamic model that estimates vascular 
plant species richness in post fire? 
 

4. Can the vegetation regeneration predictions of a dynamic model driven 
by hyper-temporal NDVI satellite data relate with field measurements. 

 

1.3.2. Hypothesis 

Hypothesis Test 1 
Ho: There is no significant difference in regeneration between areas moderately 
burnt, severely burnt and not burnt. 
Ha: Regeneration is significantly different in moderately burnt, severely burnt and 
not burnt. 
Hypothesis Test 2 
Ho: There is no positive association between NDVI and vegetation regeneration 
among different forest cover type. 
Ha: There is a positive association between NDVI and vegetation regeneration 
among different forest cover type. 
Hypothesis Test 3 
Ho: STELLA model driven by hyper-temporal satellite data cannot predict 
vegetation regeneration with a high accuracy compared to the model output of field 
data. 
Ha: STELLA model driven by hyper-temporal satellite data can predict vegetation 
regeneration with a high accuracy compared to the model output of field data. 
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2. CONCEPTS 

To understand vegetation dynamics in post fire communities it is important to define 
some of the terms that shall be used in this research:  

2.1. Diversity 

Diversity is the variety and variability measured using species richness or relative 
abundance.  
Species richness is the count of number of plant species in a quadrat area, while 
relative abundance is the evenness or unevenness of species within a sample 
community (Verweij, 1995). Species richness, is commonly used  as an important 
indicator of biological diversity (Oindo et al., 2000). It is therefore a fundamental 
measurement of community and regional diversity that underlies many ecological 
models and conservation strategies (Whittaker, 1972; Gotelli and Colwell, 2001).  
 
Functional diversity is the range of functions that are performed by organisms in a 
system (Kent and Coker, 1992). Ecosystem models represent the vast array of 
differences in plant structure and function by dividing the Earth’s vegetation into a 
few discrete plant functional types such as grass, shrub, broadleaf and evergreen 
conifer (Moorcroft et al., 2001)  
 
Quantification of biodiversity components (alpha (local richness), beta (species 
turnover) and gamma (landscape richness) has traditionally been used across spatial 
scales for measuring and monitoring the effects of human activities on biodiversity 
(Halffter, 1998). More recently, the importance of the temporal scale in studies of 
species richness and its implications for the results obtained has been revealed 
(Moreno and Halffter, 2001; Romanuk and Kolasa, 2001). 
 

2.2. Environmental gradient 

Environmental gradient is the variation of species abundance due to environmental 
factors (Kent and Coker, 1992). Disturbances such as fire (i.e. reduction or 
destruction of biomass) may result in a Gaussian or normal curve of plant species 
See figure 1 below XI.  
Physiognomic or Structural characteristics shall also be taken into account: 
Description will be based on morphology, life form, stratification and plant size.  
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Figure 1: Modified Gaussian or normal curve of plant species response to a single 
environmental factor and zones of tolerance: (Kent and Coker, 1992), Redrawn from 
Cox and Moore, (1985). X1; X2 and X3 show the abundance versus physiological 
stress. 
 

2.3. Fire regimes 

Fire regimes: are considered as the total pattern of fires over time that is 
characteristic of a region or ecosystem (Taylor, 2000). In this research it is 
recognised in terms of aerial extent, and intensity, other forms include occurrence, 
and frequency. Because of climate, induced changes in forest fire regimes may be 
more important than effects of climate change in altering forest ecosystem (Price et 
al., 2001) Majority of fire models are driven by fuel and climate (Moorcroft et al., 
2001). Dry areas have highest burn rates since they are fuel limited while wet places 
are climate limited. Therefore change in plant functional types might be an indicator 
of the recurrence and magnitude of fires.  

2.4. System dynamic components 

System dynamics notation  is an intuitive and widely-used way of describing 
continuously-varying systems (Forester, 1961). It is an appropriate language for 
describing ecological systems, since it combines concepts of amount, flows, state 
and influence. Most of the visual modeling environments used in ecological and 
agronomic research are based on systems dynamics notation (STELLA, 2004), 
(Richardson, 1999). This research uses such notation to describe the ecological 
system following a fire disturbance. 
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2.5. Normalised Difference Vegetation Index 

 
The Normalized Difference Vegetation Index (NDVI) is a measure of vegetation 
vigor (Oindo , 2000).  NDVI provides an effective measure of photosynthetic active 
biomass (Murwira, 2003, Tucker, 1994;Tucker & Sellers, 1986). NDVI is defined 
as: 
 

NDVI= NIR - R 
             NIR + R 

 
Where NIR and R are the spectral reflectance values in the near infra red and red. 
The data was normalized to the range of 0 to 255 to facilitate data handling in the 
image processing software. The Normalized Difference Vegetation Index (NDVI) 
has been related to net primary productivity (NPP) at small spatial scales (Box, 
1989). Sellers et al. (1992); Asrar et al. (1984) have demonstrated both empirically 
and theoretically the link between NDVI index and the fraction of absorbed 
photosynthetic active radiation intercepted (fAPAR).  
 
The relationship between diversity and productivity has been the subject of a 
longstanding debate in ecology (Skidmore et al. 2000). The productivity hypothesis 
predicts that when resources are abundant and reliable, species become more 
specialized, allowing more species per unit area. Studies have shown the chain 
relationship from NDVI to NPP and NPP to species richness (Box, 1989). This 
motivated us to find out if there is a relationship between SPOT VGT NDVI and 
vascular plant species richness. Cihlar et al. (1991) have shown that NDVI integrates 
the influence of climatic variables and other environmental factors. Skidmore et al. 
(2000) points out that NDVI is a better predictor of NAPP compared with climatic 
indices. Therefore NDVI might be a better predict species diversity than would 
climate variables (Oindo, 2000).  
 
While field surveys may have the advantage over NDVI at identifying sites most 
likely to have high species richness, NDVI has the advantage of highlighting areas of 
potential high species richness across landscapes that would require substantial 
investments of time and money to survey directly (Bailey et al., 2004). 
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3. MATERIALS AND METHODS 

3.1. Study Area 

Location 

Portugal is approximately 95646km2.The study was undertaken in three districts of 
central Portugal namely Santarem, Castello-Branco and Leria with an extent of 
85km*50km (Figure 2). The region is prone to fires. 

Climate 

The area is characterised by a Mediterranean climate with pronounced bi-seasonality 
regime having hot or dry summers and cold or rainy winters. Mean annual surface 
temperature is 130C, and the southern region is approximately  180C. Annual 
precipitation is determined by 2 to 3 events mainly occurring in Autumn (De Luis et 
al., 2001). Surface weather conditions in the Mediterranean consist of abnormally 
high temperatures, extremely low humidity and strong gusty winds; as such Portugal 
is not spared from the frequent fire outbreaks.  

Vegetation 

Vegetation consists of mixed woodland confined to the northern interior, thick forest 
found in Beira Province with the central ridge marking the southern limit of 
deciduous oak (Britanica, 2006). The natural vegetation has been largely replaced by 
eucalyptus plantation (Honrado, 2002). Patches of oak natural forests may be seen in 
most parts mainly the highest points where they are now protected (Honrado, 2002). 
Cork oak (Quercus suber) woodlands are the main forest land cover type , while 
holm oak (Quercus rotundifolia) predominates in the area( Nunes and Dasgupta, 
2005). 
 

Soils 

A general soil survey by Agroconsultores with a soil classification based on the 
FAO/UNESCO/ISRIC world soil guidelines has recognised the following 
cartographically significant major soils; aric and cumulic Anthrosols soils 
profoundly modified by human activities, lithic umbric district leptosols{soils 
thinner than 30cm}, district fluvisols deep soils developed from fluvial sediments, 
Haplic Arenosols Incipient deep sandy soils, umbric and dystric regosols deep 
incipient soils derived from fluvial sediments, humic dysric cambisols Deep soils 
with asub-superficial horizon (Aguiar, 1993). Ecologically important soil types in the 
territory are the salt rich soils in river estuaries, the histosols associated to lowland 
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and mountain bog systems and the gleysols of hydromorphic areas (other than recent 
alluvial sediments) (Agroconsultores&Geometral, 1993).  

 

Relief 

The relief is dominated by plateaus preserved at the top of individualised blocks. 
Particular features are controlled by lithology (predominance of crystalline rocks, 
and a complex tectonic framework influencing the morphology (Granja, 2003). 
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Figure 2: Location of Study Area. 

3.2. Data 

Spot Vegetation 
Data available for this study concern geo-referenced and de-clouded SPOT-4 
Vegetation 10-day composite S10NDVI images (S10 product) at 1-km2 resolution 
from April 1998 to July 2006 downloaded from www.VGT.vito.be. The acquired 10 
days decadal 300 NDVI images were geo-referenced and declouded. Declouded 
means: using by image and pixel the supplied quality record, only pixels with a 
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‘good’ radiometric quality for bands 2 (red; 0.61-0.68 µm) and 3 (near IR; 0.78-0.89 
µm), and not having ‘shadow’, ‘cloud’ or ‘uncertain’, but ‘clear’ as general quality, 

were kept (removed pixels were labelled as ‘missing’). The index was converted to a 
digital number (DN value) in the 0-255 data range using: DN=(NDVI + 0.1)/0.004. 
The index was converted to 0-255 format so that it can be data handy with image 
classification software (Murwira, 2003). 
 
Corine land cover data 
 
Readily pre-processed corine land cover data of 2000 were acquired for the study 
area. This provides qualitative and quantitative information on land cover in Europe 
(European, 2006). In the project CORINE Land Cover 2000 (CLC2000) an update 
of the database and a mapping of changes was accomplished using the year 2000 as 
reference. The database for CLC2000 contains reliable, objective and comparable 
data for the description of the current situation and the analysis of changes during the 
decade between 1990 and 2000. This has been derived from Landsat Multi-Spectral 
Scanner & Thematic Mapper. Other ancillary datasets used include Burned area 
maps 1990-2000, Forestry inventory of 1995, digital elevation model (DEM 25m), 
Cadastre of vineyards, Census Data. This research adopted the dataset due to the 
following characteristics: 

� Geometric accuracy better than 100 m 
� Thematic accuracy greater than or equal to 85% 
� Nomenclature of 44 Classes 
� Spatial resolution 30 m 

 
Other datasets  
 
Table 1:  Data/Materials used in the Study. 

 
 
 
 
 
 
 

 
 

Data Source 
Fire History maps  Forestry Department (Lisbon Portugal) 
Soil FAO UNESCO: Atlas de Ambiente:  

http://snig.igeo.pt/menu/Frameset_ser 
viscos.htm 

Field Observations(Vascular plant 
species, Burn severity characteristics) 

Field work plot sampling 

Sample location data GPS 
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3.3. Methods 

The methodological approach in this work involves a step by step implementation. 
Basically there are three main categories namely pre-field work (pre-processing of 
data), field work (sampling strategy and data collection) and post field (spatial 
monitoring and dynamic modelling). The specific methods are represented by the 
flow charts figure 3 & 4. Essentially outputs for figure 3 are inputs for figure 4. 
 

.  
Figure 3: Simplified Schema of the pre-fieldwork and data collection approach. 
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Figure 4: Simplified Schema of the post field methodological approach. 
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3.3.1. Sampling strategy 

Three main aspects were taken into account for selection of an accurate and 
statistically justified sampling strategy, namely the sample unit, the spatial 
distribution of the sample units (sample scheme), and the sample size (Congalton, 
1991). The study area had irregular shaped burnt patches ranging from 1000 hectares 
to 25000 hectares. Stratified random sampling was applied. Stratified random 
sampling, involves dividing the population into homogeneous subgroups to ensure 
that there is representation of the both overall population and the small minority 
subgroups. Therefore the population was divided into 4 strata on the basis of corine 
land cover classes namely  mixed, broad leaf, coniferous forests and 
shrub/herbaceous. These were assumed to be homogeneous than the population as 
whole. Sampling plots used were 20m*20m. Distance between each sample point 
was determined by the variability in classes. Next the stratified standard error of the 
population was calculated using the following formula:    

2

2
2

1

1
h hn

X s t h
hi

N S

S N
n ns =

=

� �
� �=
� �
� �
� �
� �
� �

�
�                           [Equation 1] 

Where: 
2

h
S  is the variance in stratum, N is the population size ( hN= � ), 

hn is the sample size in stratum h, hN =size of stratum. 

3.3.2. Field classification of burn severity 

Burn severity was characterised on the basis of field observations. Evidence of 
burning observed on all sites was recorded for each site. Characteristics of the area; 
i.e. vegetation structure, composition, soil organic layer, remnants, and the live 
plants were recorded. This was complemented with secondary data obtained from the 
nearby council offices or fire brigade (Bombairos). Table 2 and appendix 3 describe 
signs of burn severity. 
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Table 2: Classified fire index used 

 

3.3.3. Single date approach 

Vascular plant species were collected during the month of September 2006. 56 
Vascular plant species were identified. These were taken from natural grassland, 
moors and heath lands, sclerophyllous vegetation and traditional woodland shrub, 
broad leaved coniferous and mixed forest.  Some of the dominant species include 
Eucalyptus glogulus, Pinus pinaster, Erica escoparia, Ulex jussiaei and cytisus. See 
Appendix 1 for the complete list of species identified. This dataset was used to 
monitor the regeneration since last date fire. 

 
NDVI for each burnt scar was extracted using zonal statistics. The NDVI was used 
in this study for estimation of vascular plant species richness since several studies 
have shown sensitivity of NDVI to the photosynthetic ally active herbaceous 
biomass for grasslands, rangelands and savannas (Diallo, 1991; Moreau, 2003; 
Sannier , 2002; Tucker, 1994).  Since NDVI has shown little variation within a 
season, the average of 3 10 day images for July was used against the field 
measurements of September. This was so because the NDVI time series was up to 
July. The ultimate goal of using NDVI variation was to simulate and predict richness 
based on the relationship between remotely sensed data and vegetation diversity. The 
strength of the relationship between NDVI and species richness is scale dependent 
(Gould, 2000). Therefore, within pixel variation was sampled at the same scale as 
field measured species richness of 1 km2 pixels.  

 

3.3.4. Monitoring vascular plant species diversity 

 
To estimate diversity we used richness and diversity indices. Species richness was 
quantified as the number of species observed in each 1km2 grid cells within DIVA 
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GIS.  Next, regression analysis was used to quantify the relationship between the 
number of observations and the richness for each grid cell. This was deemed 
necessary as caution in the analysis of estimates obtained from point counts (Barker 
et al., 1995).Because a complete census is rarely feasible only a sample of each area 
surveyed was used. Estimating can provide a measure of completeness of the 
inventory and also allow for better comparison of species number localities. Various 
estimating methods were compared i.e. Chao_1, Michaelis Menten, and Jack-knife’s. 
The latter was adopted because it is takes into account the frequency of unique 
species, and the duplicates (Colwell, 1994; Hijmans, 2005) and that it approached 
the value of S (observed number of species) than other estimators.  
 
Jacknife Estimator of Richness 
 The second order is an incidence based estimator(Smith, 1984). It uses the following 
equation (Smith, 1984). 
 
 
 
 
 
 

Jackknife provides richness only, it was therefore necessary to include diversity 
which provides more information about community composition, relative abundance, 
rarity and commonness of species in a community.  

 
Shannon-Weaver diversity  
 
The Shannon-Weaver diversity was used to quantify vascular plant species diversity. 
It uses the following equation 2:�Magurran (1988), 
�

 

                                                                                                     [  
.  
 
The Shannon-Weaver index range from 0 (low diversity) to about 3.5 (high 
diversity). The index calculation was done in DIVA GIS. 

 

    [Equation 2] 
Where: Sobs is the total number of species observed in all samples; (Q1s the frequency of unique species, 
Q2 the frequency of duplicates). m is the total number of samples. 

                                          [Equation 3] 

Where: H' = Shannon-Weaver index;                                                                  
Pi = species richness (proportional abundances i th class  
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3.3.5. Statistical Analysis 

Prior to model development, some critical statistical tests were carried out. The 
initial step was a test for normality. The data was subjected to a normality test to 
determine its distribution.  The following tests then followed: 
 
• A non parametric Kruskal-Wallis was used to test one way analysis of variance 

of regeneration index (Species richness & diversity) by Fire Severity Index. 
One way ANOVA only shows that there is a significant difference in 
regeneration index for different fire index, but does not show which pairs are 
different. We therefore executed a post hoc Scheffe test in order to establish 
differences between each pair. 

• Spearman’s rank correlation was used to find the correlation between NDVI 
and regeneration index (Species Richness) on different land cover types. 

 
 

3.3.6. Dynamic Modelling of Species Richness in Different Fire 
Regimes 

 
Systems dynamics approach was applied to model vegetation regeneration in post 
fire scenarios. The vegetation regeneration after the last date fire is expressed as an 
index of species richness.  STELLA program was utilised to simulate and predict the 
vegetation regeneration. 
 
Why STELLA? 
 
STELLA 11 is an object oriented programming language that uses an iconographic 
interface to facilitate construction of dynamic systems structure (STELLA, 2004). 
The essential features of the system are defined in terms of stocks, flows and 
auxiliary parameters (Constanzaa, 1998). Essentially STELLA simulates a system 
over time, jump the gap between theory and the real world and clearly communicate 
system inputs and outputs and demonstrate outcomes (STELLA, 2006). Therefore, it 
has been explored to simulate vegetation regeneration response since the last date 
fire driven by hyper-temporal remotely sensed data and the estimated vascular plant 
species richness. 
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Post fire vegetation regeneration model based on field measurements. 

A STELLA model driven by ground based data was developed. The model simulates 
the regenerated vascular plant species richness on shrub/ herbaceous land cover over 
time.Approximately 75% of the field data were used to calibrate the model. The state 
variable modelling approach was used. In this approach state, rate and driving 
variables are distinguished. In the context of this research, state (stocks) are species 
richness and intensity, based on the assumption that the state of a system at any 
moment can be quantified and that changes of state can be described by 
mathematical equations. The model utilise a regeneration rate determined by 
different fire intensities. Variables include species richness change, fire outbreak and 
burning Figure 5.  

   
 

 
Figure 5: Schema of post fire vegetation regeneration on the basis of different fire 
intensities. 
 
 
To run the model the following equations were formulated.  
Intensity 

  Regeneration Rate Intensity (t-dt) +fire (fire outbreak) dt.                                                    [Equation 4] 
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Fire outbreak 
 
 
 
Species Richness Change 
 
 

 

 

Difference in Species Richness 

 

 

Burning 

 

 
 
Assumptions 

• Fire intensity is directly proportional to a regeneration rate. 
• A simulated pixel is representative of the burnt scar. 
• High intensity fire is proportional to 100% destruction of present species 

while moderate intensity fire destroys 50% of the available plant species. 
•  

 

Post Fire Vegetation Regeneration Model driven by Spot VGT & Fire 
Intensity. 

The same approach as to the one in model 1 was adopted. However this model is 
driven by satellite remotely sensed data (SPOT VGT) together with ground based 
data. The model simulates the regenerated vascular plant species richness on shrub/ 
herbaceous land cover class only. Species richness is the state. Rate in this case is 
defined by the species richness factor.  Variables include NDVI, species richness 

High Intensity= low RR; Low Intensity= High RR (Regeneration Rate) [Equation 5] 

If time phase is either1, 2,3,4,5 then 5 or 10 else 0                              [Equation 6] 

SRC= If (Intensity >0) then regeneration Rate * Species Richness else 0 
                  [Equation 7] 

DR= IR-SR                                          [Equation 8] 

Where: DR is Difference in Richness, IR is Initial Richness before fire & 
 SR is post fire simulated Richness 

B= If Intensity =10 or 5 then SR*.9 or .5 else 0                          [Equation 9] 

Where: B is burning, 10 & 5 is high & moderate intensity fire respectively.  
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change, burning, intensity and time increase. Figure 5 shows the conceptual model. 
Equations apart from the above model include: 

 

 
Figure 6: Schema of post fire vegetation regeneration model driven by Spot VGT & 
Fire Intensity.  
 
  NDVI Change 

 

Predicted Species Richness 

 

 

 

 Species Richness Change 

 

 

NDVI Change= NDVIt2 - NDVIt1                                              [Equation 10] 

PSR t1 = NDVI t2*SR t2 *SRF÷ NDVI t1                                   [Equation 11] 
Where: PSR is (Predicted Species Richness), t2 = 2006 & t1= Any year before 2006.  
SRF is the Species Richness Factor derived from Spearman’s correlation of field 
measured richness (2006) and NDVI for the year (2006). 

ISR = (NDVIt2 - NDVIt1) – SRF                                  [Equation 12] 
Where: ISR is increased Species richness 
SRF is the Species Richness Factor derived from Spearman’s correlation. 
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Assumptions 
• The correlation factor for each burnt scar is constant through time. This implies 

that there is no major ecological disturbance after the last date fire. 
• NDVI can be used to estimate richness on open grasslands and shrub land 

cover classes. 
• High intensity fire is proportional to 100% destruction of present species while 

moderate intensity fire destroys 50% of the available plant species. 
• Pixel values used for predicting species richness are representative of the 

whole burnt scar. 
 

3.3.6.1. Validation of the dynamic models using field measurements 

25% of the field data were used to validate the models. The computed performance 
measure used for each model was the, Root Mean Square Error (RMSE) (Gaweda et 
al 2003). The following formula was used 

 

 

 

 

 

For each model the (predicted species richness) results for 2006, was matched with 
the observed richness; (field measurements). The RMSE for model 1 & 2 were thus 
compared. 

 

 

 
 
 
 
 
 
 
 

                
Where ÿ1 is the actual output, and ÿ1 is the model output and  

i=1 ....N. RMSE therefore assess the quality of approximation. 

[Equation 13] 
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4. RESULTS 

This section describes the pre-processing outputs and the main findings of the study. 
These were presented as follows;  

• Overview of the burnt scars over the years, and the developed  burn severity 
index 

• Vascular plant species abundance 
• Spatial monitoring of vascular plant species. 
• Variability of richness in different fire intensities and the relationships 

between NDVI and species richness 
• Dynamic modelling of vascular plant species richness. 

4.1. An overview of the burnt scars over the years  

Figure 7 shows areas burnt from 2001 to 2005 in the districts of central Portugal. 
The areas un-burnt are assumed not to have experienced any disturbance after 2001 
to date.  
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Figure 7: Spatial distribution of burnt scars over the years. 
 
Figure 7 shows that year 2003 was the most extensively compared to the other years. 
The year 2001 was the least affected compared to the other years. Extensive fires 
have been envisaged in Castelo Brancho and Santarem district. The land cover 
classes’ worst affected over the years is the broad leaf and coniferous forests. Leria 
district experienced the least fire disturbance thus coniferous and mixed forest and 
shrub cover still dominant on the unburnt map. 
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 Table 3 shows a brief description of the sampling statistics derived from the field 
survey.  
 
Table 3: Sampling strategy and sample statistics  

 
 
The total number of samples collected was 162 for the four strata namely broad leaf, 
coniferous, shrub and mixed forest.  The stratified population mean weighted by size 
of stratum was 13.08. The standard error was 0.32. Population sampling error was 
4.9%. This was considered small hence the sample was considered sufficient enough 
to estimate richness. 
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4.2. Classified burn severity on surveyed sites 

 

 
 
Figure 8: Map showing classified burn severity of surveyed fire scars. 

 
It was observed that 67% of the surveyed sites were severely burnt, while 11% and 
22% were moderately burnt and not burnt respectively. This is also evident on the 
classified burn severity map (figure 8). The map indicates that severely burnt areas 
are much more than the other categories. This is evident in areas such as Gaviao, 
Macao, Abrantes, Vila dereiand Leria. Other areas i.e. Entrocamento and Porto De 
mos are dominated by moderate and unburnt scars.  
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4.3. Vascular plant species abundance 

About 55 Vascular plant species were identified. Some of the dominant ones include 
Ullex jussica and Cistos ladannifer and Erica species. The least in abundance was 
Eurphobia charachias. Figure 9 and Appendix for further details.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Chart showing the abundance of vascular plant species. 
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4.4. Monitoring vascular plant species diversity 

Vascular Plant Species Richness Grids for Central Portugal
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Figure 10: Vascular plant species grid maps A) Observation grid map B) Jacknife 
estimated richness. 
 
Vascular plant species richness on the observation grid and the estimated Jacknife 
grid map shows an increasing trend pattern between the adjacent grids Figure 10. 
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Areas such as Vilanova da Barquinha, Southern Porto de Mos and the north western 
Alcanena shows pixels with high species richness ranging from 26 -32 and 46.3-
57.2, for observation and Jacknife estimated grids respectively. Other areas such as 
Entrocamento, South Eat Porto De mos and South Ferreira De Zezere show species 
richness in the range of 22-26 and 36.3-46.3 respectively. Gavio, Bathala and 
Abrantes show very low species richness in the range of 0-22 and 0-36.3 for both 
grids respectively. 

 
Figure 11: Relationship between the number of observations and number of species. 
Co-efficient of determination R2=0.6839. There is a correlation between number of 
count of sites and number of species. This indicates that the number of sampling unit 
were enough to estimate vascular plant species richness. 
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Figure 12: Vascular plant species diversity derived from Shannon indices. 

 
Species diversity is generally low ranging from 2.0-2.8 in some pixels of Gaviao, 
Abrantes and Bathala and Viladere, Figure 12. Some pixels south of Ferreira do 
Zerrere, Entrocamento and Alcanena have relatively high species diversity ranging 
from 2.8-3.1. On the other hand pixels in areas such as Villanova dabarquinha, north 
western Alcanena shows high species diversity ranging from 3.1-3.4. 
 
 
 
 
 
 
 
 
 
 



CHAPTER 4 

 
 

31 

 

4.5. Statistical Analysis 

4.5.1. Kruskal-Wallis one way analysis of variance of species 
richness & diversity by fire severity Index. 

 
A  

 
 

B 

 
Figure 13: Box plots showing the mean difference of (A) Species richness & (B) 
Species diversity by fire severity index.  
 
Figure 13 A shows that there is a difference in species richness between areas that 
have not been burnt and the burnt areas. The mean differences were tested using one 
way ANOVA kruskal Wallis, following a normality test of the data using Kolmogrov 
–Sminov test (p>0.05). We tested the hypothesis that the mean species richness for 
not burnt, moderate and severe was different. The calculated H was 21.61 with df = 
2 and P = 0.001. The conclusion from this test rejects the null hypothesis that there is 
no difference in species richness between different fire severity index. One way 
ANOVA only shows that there is a significant difference in mean species richness 
for different fire index, but does not show which pairs are different. We therefore 
executed a post hoc Scheffe test in order to establish differences between each pair. 
Results indicated that the mean richness for not bunt is significantly different from 
moderate and severely burnt (p<0.05). However, results of moderate and severe fire 
index are not significantly different (p>0.05). 
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The box plots on figure 13 B shows that there is a difference in species diversity 
between areas that have not been burnt and the burnt areas. Same procedure to the 
one for richness was followed. We tested the hypothesis that the mean species 
diversity for not burnt, moderate and severe was different. The calculated H was 
25.00 with df = 2 and P = 0.001. The conclusion from this test rejects the null 
hypothesis that there is no difference in species diversity between different fire 
index. Post hoc Scheffe test results indicated that the mean diversity for not bunt is 
not significantly different from moderate fire index (p<0.05). However, results of not 
burnt and moderate are significantly different to severe fire index (p>0.05). 
 

4.5.2. Relationship between NDVI and species richness on different 
land cover types. 

Table 4: Spearman’s rank correlation matrix of NDVI & species richness for 
different land cover types.  

  **. Correlation is significant at the 0.05 level (2-tailed) 
 
Table 3 shows a positive association between NDVI for the shrub/Coniferous cover 
type and species richness i.e. 0.683 & 0.045 respectively at 95% significance level. 
However the later has a weak positive correlation. It is also evident that there is a 
negative association between NDVI for broad leaf forest, mixed forest and species 
richness i.e. -0.067 and -0.566 respectively at 95% significance level. 
 
 

 
 
 

 RICHNESS_2006 
Shrub  

RICHNESS_2006 
Broadleaf 

RICHNESS_2006 
Coniferous 

RICHNESS_2006 
Mixed 

NDVI_2006 
Shrub 

0.683** ~ ~ ~ 

NDVI_2006 
Broadleaf 

~ -0.067** ~ ~ 

NDVI_2006 
Coniferous 

~ ~ 0.045** ~ 

NDVI_2006 
Mixed 

~ ~ ~ -0.566** 
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4.6. Dyanamic modelling species richness in different fire regimes 

4.6.1. Predicted species richness in different fire intensity scars: 
Model 1. 

 
Figure 14: Predicted species richness, for high intensity and moderate intensity fire 
of 2002 to 2005; Model 1. 
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Figure (14A) indicates a sharp decline in species richness in 2002 on a highly burnt 
scar i.e. (65 to 3). A sudden recovery in richness followed. It is predicted to be 
approximately 30 by the year 2010. There is no evidence of reaching its original 
state.  On the moderately burnt scar decline in richness was less steep than that for 
severely burnt i.e. (65-45). Species richness is predicted to rich its original state by 
the year 2007.  
 
A similar trend is shown for 2003. Figure (14B) indicates a sharp decline in species 
richness i.e. (65-2). A sudden recovery in richness followed. It is predicted to reach 
its original state by the year 2007. On the moderately burnt scar decline in species 
richness was less steeper than that for severely burnt i.e. (65-40). 
  
Species richness decline from 65-39, and 65-25 for moderate and high burnt scars 
respectively, (14C). This is followed by a sharp increasing trend with predicted 
richness reaching its original state by 2008 and 2010 respectively. Moderate 
intensity scar shows a recovery trend to more than 150 by the year 2009.  
 
Figure (14D) indicates a sharp species richness decline in 2005 on a highly burnt 
scar i.e. (65-1). A recovery trend followed.. Despite the increase there is no evidence 
of reaching its prefire state i.e. 25 by the year 2009. On the other hand the 
moderately burnt scar decline in species richness from 65-45.  This is followed by an 
increase in richness trend such that by 2010 it’s predicted to reach its original state. 
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4.6.2. Predicted species richness in different fire intensity scars: 
Model 2. 

 

 
Figure 15: Predicted species richness, for high intensity and moderate intensity fire 
of 2002 to 2005; Model 2. 

 
Figure (15A) indicates a sharp decline in species richness in 2002 from 65-11 on a 
highly burnt scar. A gradual recovery in richness followed. On moderately burnt scar 
(15A) decline in species richness was less steeper than that for severely burnt scar.  
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It is predicted to attain its original state by the year 2007, yet the highly burnt pixel 
shows no sign of getting back to its original state.  
 
A similar trend is shown for the 2003 fire disturbance. Highly burnt scar shows a 
sharp decline in species richness, (15B).  A gradual recovery in richness followed. 
However there is no evidence of reaching its original state. The moderately burnt 
scar shows a decline from 65 to 12. Increase in richness is gradual however after 
2006 there was a sharp increase. It is predicted to reach its original state by 2008. 

 
The year 2004 had a sharp species richness decline from 70-2 for a highly burnt scar 
(15C). A gradual sharp increase in richness occurred the following years. The place 
is predicted to reach its original state by 2009. On the other hand the moderately 
burnt scar decline in species richness from 60-40.  By the year 2008 it is predicted to 
attain its original state.  
 
Similarly the year 2005 shows a sharp decline in species richness i.e. (70-11), for a 
highly burnt scar (15D).  Richness is predicted to be constant the following years, 
showing no evidence of reaching its original state. The moderately burnt scar shows 
a decline from 55 to 20. This is followed by sharp rise in richness, thus the 
predictions shows evidence of reaching the original state by 2008. 
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4.6.3. Validation of the dynamic models using field measurements 

The models two models were validated using field measurements. The 
scatter plot matches the predicted results with field estimates. This was 
couple with the calculated root mean square error shown on table 5. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: Match between field measurements and predicted species richness (Model 
1: Driven by fire Intensity & Model 2: Driven by SPOT VGT and Fire Intensity) on 
a pixel basis for different years. 
 
Table 5: Root mean square error for model 1& 2 

Year Prediction 1 Prediction 2 Observation 

Observed-
Prediction:

2 

Observed-
Prediction:  

1 
2002 8 15 8 0 49 
2003 4 8 5 1 9 
2004 12 34 11 1 529 
2005 7 17 6 1 121 
2001 53 59 52 1 49 
2002 42 54 41 1 169 
2003 50 53 51 1 4 
2004 43 48 43 0 25 
2005 19 5 18 1 169 

      RMSE 0.881917 11.17537 

 
Figure 18 shows that there is a close match between field measurements and 
predicted richness for model 1 compared to Model 2. This concurs with the root 
mean square test result of 0.88 and 11.7 for model 1 and 2 respectively Table 4. 
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5. DISCUSSION 

5.1. Spatial monitoring of vascular plant species 

 
Theory suggests that species richness should be highest at intermediate 
levels of disturbance, (Cornell 1978, Huston 1979).   Through our study 
we have been able to spatially and statistically demonstrate that species 
richness is highest on undisturbed sites Figure 8, 10 and 12.  Such  
undisturbed areas include, Vilanova da Barquinha, Southern Porto de Mos 
and the north western Alcanena, which shows pixels with high species 
richness ranging from 26 -32 and 46.3-57.2. Contrary to this severely burnt 
sites have the least richness found in areas such as Gaviao, Macao, 
Abrantes, Vila derei, Bathala and Leria with richness in the range of 0-22 
and 0-36.3 for both grids respectively, Figure 10 and 12. Lastly moderately 
burnt scars such as Entrocamento, South East Porto De Mos and South 
Ferreira De Zezere are synonymous with average richness ranging from 
22-26 and 36.3-46.3 respectively on observation and estimated grid 
respectively. Similarly in Southern California fire intensity proved to be a 
major factor controlling post fire germination of herbaceous species (Jose 
Marino et al 2002). 

  
The results by univariate methods indicate that diversity differences exist 
between sites and for different fire intensities Figure 13. Meanwhile un-
burnt sites have more diversity than moderate and severely burnt.  Since 67 
% of the surveyed sites are severely burnt this might explain the 
dominance of fire tolerant vascular plant species, such as Cistus ladanifer 
and. Halimium lasianthum subsp-alyssoid Figure 9. The later has seeds 
which shed when ripe and fall to the generally stony ground, where they 
easily fall into crevices and can remain dormant for many years 
(www.plants.usda.gov/java). This might be an explanation to the low 
diversity on these severely burnt sites. Contrary to this areas with high 
diversity are the unburnt sites which might aid to explain that fire intensity 
has a bearing on diversity of vascular plant species. Notwithstanding, use 
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of diversity measures in community ecology is known to have some 
limitations. The first limitation is that the diversity does not provide any 
information about the actual species composition of a community. Species 
diversity is a community summary measure that does not take into account 
the uniqueness or potential ecological, social, or economical importance of 
individual species (FRAGSTATS-Manual 2005). However it has shown 
the probable impact of fire on regeneration with regards to the count and 
evenness of the species which is an equally important tool in ecological 
studies (Shughart Herman 1984).   
 

Hyper-temporal satellite data NDVI (SPOT VGT) and species diversity.  
 

Another important finding of this study is the value of NDVI variability as 
an indicator of biological diversity. The present paper provides an insight 
into the complexity of relating NDVI to species richness for different land 
cover classes. The strong positive correlation between NDVI and vascular 
plant species richness for the shrub /herbaceous land cover class, 
demonstrates the applicability of remote sensing techniques in analysing 
the variation in biodiversity across landscape (Gould 2000). This concurs 
with Bawa et al (2002), who found a positive correlation between mean 
NDVI and tree species diversity for all cells, when they assessed 
biodiversity from space in Western Gats India. These results are not 
surprising because the NDVI should reflect the productivity of the 
ecosystem or the availability of free energy (Ganeshaiah et al 2002). 
Indeed both productivity and availability of energy are assumed to be the 
major determinants of species richness (Adams and Woodward 1989, 
Currie 1991, Rosenzweig and Abramsky 1993, Currie and Paquin 1987, 
Bawa et al., 2002). Despite the well-established relationship between 
productivity and species richness, remotely sensed imagery that can detect 
differences in measures of productivity has not previously been used to 
assess biodiversity. 
 
However the applicability of NDVI is not always universal for all cover 
classes. The weak correlation between richness and coniferous cover class, 
and a negative correlation for broad leaf and mixed forest, might be 
explained by the variation in canopy closure and understorey contribution, 
which dramatically influences near-infrared reflectance from the land 
cover classes (Nemani et al 1993). The effect of sample size might also 
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have influenced the non significant positive relationship between richness 
and coniferous forest. More important might also be the effect of spatial 
resolution. Unlike Bawa and other 2002, who used IRS 1C LISS III 
images, with a spatial resolution of 23.5 m, this study used Spot with a 
spatial resolution of 1km. In this respect estimated diversity on the basis of 
field measurements might not always correlate with the NDVI values as 
indicated on broad leaf, and mixed forest.  
 
The relationship between remotely sensed measures of biological diversity 
is particularly useful in terms of biodiversity assessments of landscapes 
and is beginning to be used as a valuable tool in integrated approaches to 
biodiversity assessment and conservation (Turner Woody et al 2003).  

 
 

5.2. Dynamic modelling of vascular plant species 

Our model developed in this study demonstrated that burn severity is 
important for plant mortality and re-establishment after forest fires on 
shrub and herbaceous land cover class. It is shown in figure 14 and 15 that 
for the period 2000-2005 predicted species richness on highly burnt scars 
was always lower than moderately burnt scars. Furthermore regeneration 
after fire was quicker in moderately burnt scars than highly burnt scars.  
This might be the case because high severity fires are likely to have few 
resprouting individuals and may have the seed bank in both soil and 
canopy destroyed (Turner, M G et al 1994). Our study thus concurs that 
intensity affects resprouting potential (Malanson & Trabaud 1986, Zammit 
and Zedler 1988, soil nutrient status (DeBrano et al.,  l 979) and post burn 
population and community characteristics (Western et al., 1981, Malanson 
and O Leary 1982, 1985, William Gaud 2000). Similarly fire intensity has 
proved to be a major factor controlling post fire germination of herbaceous 
species in South California (Jose Moreno et al., 2004). This has important 
implications on fire management in Mediterranean ecosystem. From these 
results conservation managers are advised to avoid high intensity fires. 
 
 Mechanism controlling species composition is more complex than those 
controlling species richness. Ozinga et al 2005, states that species 
composition is more difficult to explain than species richness as this 
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requires specific knowledge of the nature of the species. An attempt has 
been made in this research to help explain the richness of the degraded 
Mediterranean habitats known as "maquis" and "garrigue cistos)".  It  has 
been demonstrated that some severely burnt scars regenerate very fast, than 
others for instance the 2004 scars. This might be explained by the 
proliferation of fire friendly species i.e. Cistos Padanifer and Halimium 
lasianthum subsp-alyssoides and Calluna vulgaris sole species in the 
genus Calluna which regenerate from occasional burning.  
 
Presence of other species such as Conyza sumatrensis on highly burnt 
patches might be explained by the regeneration continuum mode. These 
are seed obligators therefore they are propagated through seed dispersal 
from the adjacent undisturbed sites. This is qualified by Turner et al 
.,1994; patchy distribution of severely burned areas and lightly burned 
areas (heterogeneity) is likely to influence the browse available for wild 
ungulate populations (Christensen et al., 1989).  More so many of the 
major herbaceous species e.g. Pseudognaphalium luteo-album, Ditrichia 
viscose, Pleridium aquilinum have plumed wind-dispersed seeds that may 
be carried great distances by the wind (Solbreck & Anderson, 1987).  The 
later however is not fire resistant and yet its medium drought resistant. 
Presence of Pseudognaphalium luteo-album which prefers open and 
usually dry places, often in rocky or sandy soil is also supported by the 
general soil type being cambisols Appendices 2. 

 
Another striking demonstration of model is the variation in increase in 
vascular plant species richness a few years after the disturbance (Figure 
15).  This might be because herbaceous annuals exhibit various life history 
strategies. Some species are abundant only in the first year after fire, and 
virtually disappear in the second and later years “Fire annuals” (Keely et 
al., 1985, Moreno, 2004). Other species are also abundant after fire but 
disappear more gradually as canopy closes their presence being restricted 
to gaps in mature stands (Moreno, 2004). Nevertheless it is difficult to 
depict which species in particular might have immediately proliferated and 
dropped since this study didn’t have measurements soon after the fire for 
each year. Albeit the study provides an insight given to explained the 
variations in diversity following the disturbance at different fire severities.  
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Comparison of Models 
 
Model validation in this study indicates that post fire regeneration model 
driven by hyper temporal satellite data and fire history gives a more 
accurate result than the model driven by fire intensity alone. This concurs 
with (Kondoh, 2000); who found out that disturbance and productivity 
interactively determine species richness. NDVI has proven to be valuable 
in analysis of inter-annual species richness variation. Delayed onset 
regeneration may for example be indicated by low NDVI. Establishing 
such fourier NDVI patterns and linking them to biodiversity provides a 
robust insight. On the other hand Model 2 does simply have fire intensity 
coefficients, the changes that occur over time are not taken into account, 
and hence it overestimated richness and at times underestimated richness.  

 

5.3. Limitations of the Models 

There are known issues with vegetation indices in such areas largely 
attributed to soil-vegetation spectral mixing (Heute & Tucker, 1991, 
Nicholas & Farrar 1994).  NDVI is sensitive to optical properties of the 
soil background (Baret and Guyot 1991, Purevdorj et al 1991). The soil 
background is particularly important when vegetation cover is sparse; in 
this regard the species richness factor in model 2 might not be a true 
reflectance of the reality. Studies have revealed that in sparsely vegetated 
areas (~40-70%) such as those in Portugal, soil darkening either due to 
moisture content or soil type itself can increase the estimation of NDVI by 
25% (Heute & Tucker 1991, Nicholson & Farra 1994).This highlight the 
main limitation of including NDVI in simulating regeneration (species 
richness).   
 
The use of broad band satellite images is difficult to detect local variations 

in absorption features (Kokaly et al., 2003; Schmidt & Skidmore, 2003) . 

Although quantity of vegetation might have been successfully estimated 

using coarser resolution satellite images (Mutanga & Skidmore 2003), the 

predicted species richness does not show the saturation point. 
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6. CONCLUSIONS &RECOMMENDATIONS 

The response of vascular plant species to different fire severities varied in 
central Portugal. Vascular plant species richness was highest on 
undisturbed sites thus not concurring with the intermediate-disturbance 
hypothesis. However the was proven to true to an extent since moderate 
intensity fire have shown higher richness than the highly burn scars. In 
addition species diversity was lower in highly burnt scars than the 
moderately burnt scars. Species composition showed that severely burnt 
areas are dominated by Cistus ladanifer and. Halimium lasianthum subsp-
alyssoid and the Pinus pinaster. Therefore, fire intensity can be a major 
factor controlling post fire vegetation regeneration. 
 
The second objective aimed at establishing the relationship between NDVI 
and vascular plant species richness. Our results through significant tests 
revealed that there is a positive relationship on shrub and herbaceous cover 
class. Estimated diversity might not always correlate with species richness 
for coniferous, mixed and broad leaf forests. 
 
The fourth and fifth objective which formed the crux of our study was to 
develop a dynamic model and compare their accuracy in terms of field 
measurements. Overall results indicated that Stella model driven by fire 
intensity and NDVI predicts species richness with a higher accuracy than 
the based on field measurements only. 
 
Finally considering the merits and limitations of the modelling approach 
presented here, we believe that it may serve as a valuable tool for planning, 
management and understanding of the regeneration in post fire scenarios. 
Moreover management programs based on expected vegetation dynamics 
would be more realistic than those based on current vegetation maps.  
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Specific Conclusions 
 

• Species diversity is an essential component of biodiversity. It has been 
possible to quantify regeneration in post fire scenarios using different 
diversity measures. 

• NDVI is valuable in analysis of inter- annual species richness variation for 
vascular plant species on the shrub land cover class. It can be used as a 
reliable predictor of species richness. 

• Fire intensity and NDVI interactively predict species richness with a better 
accuracy, than a model based on field measurements. 

 
Recommendations 
 
This study used NDVI derived from a course spatial resolution remote sensing data 
to develop a dynamic model for predicting species richness in areas that were 
affected with fires of different intensities. Although the predictions of the model 
were generally in agreement with field data especially for herbaceous and shrub 
dominated vegetation cover types, we predict that if finer spatial resolution remote 
sensing data are used significant relationships between NDVI derived from satellite 
imagery and most vegetation cover classes may be obtained. However, most of the 
finer spatial resolution remote sensing data (e.g., ASTER, 15m) are available at very 
coarser temporal resolutions than SPOT VGT remote sensing data used in the 
present study. This makes it very difficult to use such fine spatial resolution data 
with low temporal resolution to monitor and dynamically model vegetation response 
in post-fire periods. This is a challenge which scientific research should address in 
future. Therefore, in future research should explore the use of NDVI and other 
vegetation indices derived from finer spatial resolution satellite data to monitor 
vegetation response in post fire scenarios. 
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APPENDICES 

 
Appendix 1: Plant Species identified and their associated cover classes. 
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Appendices 2 
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Appendix 2: Map showing major soil types  
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Appendix 3 
 

 
Site Burnt 2004, recovery dominated by 

(Cistus ladanifer) 

 
Site burnt 2003, recovery dominated 

by grass, 
(Agrostis castellana &Briza maxima) 

 

 
Burnt 2004, Recovery oak dominated 

community 
(Quercus coccifera 
Quericus faginea ) 

 

 
Burnt 2001, Mixed forest dominated by 

(Pinus pinaster) 

 
         Site Burnt 2002 

 
                   Site burnt 2003 
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Appendix 3: Photographs showing an overview of the sites visited during the field 
survey for areas burnt during the period (2001-2005). 
 
 
 
 
 
 
 

 
Site Burnt in 2003.(Pinus Pinaster) 

 
                 Site burnt 2001, Shrub 

 
Site Burnt 2002 (Eucalyptus Globulus) 

 
Site Not Burnt ,Mixed Forest 


