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Abstract— The main objective of this study is to compare the predictive ability of two habitat models, and to find the most 
effective environmental factors for predicting the plant species occurrence. The Logistic Regression (LR), and Artificial 
Neural Network (ANN) models were chosen to model the spatial distribution pattern of vegetation communities. Plant density 
and cover; soil texture, available moisture, pH, electrical conductivity (EC), organic matter, lime, gravel and  gypsum contents 
and topography  (elevation, slope and aspect)  are those variables that have been sampled using the randomized systematic 
method. Within each vegetation type, the samples were collected using 15 quadrates placed at an interval of 50 m along three 
750 m transects. As a necessary step, the maps of all factors affecting the predictive capability of the models were generated. 
The results showed that the predictive models using the LR and ANN methods are more suitable to predict the distribution of 
individual species. Using the finalized models, maps of individual species (for different species) or for all the species were 
generated in the GIS environment. To evaluate the predictive ability of the models, the accuracy of the predicted maps was 
compared against real-world vegetation maps using the Kappa statistic. The Kappa ( κ ) statistic was also used to evaluate the 
adequacy of vegetation mapping. The results revealed that maps generated using the LR and ANN models for Astragalus spp., 
Halocnemum strobilaceum, Zygophyllum eurypterum and Seidlitzia rosmarinus species have a high accordance with their 
corresponding actual maps of the study area. Due to the high level of adaptability of Artemisia sieberi, allowing this specie to 
grow in most parts of the study area with relatively different habitat conditions, a predictive model for this species could not be 
fixed. In such cases, a set of predictive models may be used to formulate the environment-vegetation relationship. Finally, the 
predictive ability of the LR and ANN models for mapping Astragalus spp. was determined as κ=0.86 and κ=0.91 respectively, 
implying a very good agreement between predictions and observations.  
 
Index Terms— Predictive model, Geostatistical method, Logistic Regression, Artificial Neural Networks, Kappa statistic.

 
I. INTRODUCTION 
 
The habitat is the core of the hierarchical patch 
dynamic theory (Allen and Starr 1982, Wu 1997), and 
is defined as a physical place at a particular 
spatio-temporal scale where and when an organism 
either actually or potentially lives (Kearney, 2006). 
The modelling of the different types of habitat requires 
to identify a set of environmental variables related to 
the spatial distribution of vegetation at each scale. One 
of the current challenges in ecology is to forecast 
accurately the implications of future environmental 
changes on species distribution (Morin and 
Lechowicz, 2008; Thuiller et al., 2008). In this 
research, the capability of two methods for predicting 
vegetation type is compared.  

 Logistic Regression (LR) is a kind of Generalized 
Linear Models (GLM) which is a suitable way to 
analyse a binary response variable. Logistic 
Regression (LR) uses a logic link to describe the 
relationship between the response and the linear sum 
of the predictor variables (Miller and Franklin, 2002). 
This is accomplished by applying diverse regression 
equations, in which presence/absence of an object is 
transformed into a continuous probability ranging 
from 0 to 1. Values close to 1 represent high 
probability of presence, whereas values close to 0 
represent high probability of absence. The probability 
of occurrence of each plant species is calculated with 
respect to the combined effect of site conditions. 

 
The  Artificial Neural Networks (ANN) is the third 
model. The recourse to ANN as used by Fukuda 
(2011), Willems et al. (2008), Tan et al. (2006), Watts 
et al. (2011), and Scrinzi et al. (2007) is a promising 
area of predictive modeling of plant species 
distribution. However, most published applications of 
ANN in ecology are connected with the field of remote 
sensing (see Gutiérrez et al., 2008) and (non-spatial) 
assessment of environmental changes (Liu et al, 
2011). Neural network models do not make any 
attempt to model the physical, chemical, or biological 
causes of ecological phenomena. Instead, they learn a 
direct mapping from input features to output 
predictions. 
  
The objective of this research is to examine the spatial 
distribution pattern of vegetation types, analyse the 
ecological relationships between these communities 
and their environment, and finally compare the 
capability of two models (i.e. LR ad ANN) in 
predicting plant species distribution. To do so, key 
factors, affecting vegetation development, and other 
ecological parameters of the study area were 
identified. A further objective of this research was to 
establish a monitoring system that may serve to 
identify and predict future changes of vegetation cover 
and assess the impacts of conservation and 
management practices. 
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II. MATERIAL AND METHODS 
 
The study area is located at the northeast of the 
Semnan province, central Iran (35º 53  ́N, 54º 24´ E to 
35º50´ N, 53º43´ E). The maximum elevation of the 
region is 2260 m a.s.l. and the minimum elevation is 
1129 m a.s.l.. Average annual precipitation of the 
study area ranges between 275 mm in the mountains 
and 128 mm in the saline lowlands. Minimum 
temperature occurs in December (around -6ºC) while 
the highest temperature reaches +45ºC in June.  
Sampling was conducted in homogeneous units 
(vegetation patches) resulted from overlaying of 
hypsometric, aspect, slope and geologic maps. Within 
each unit, the samples were collected using 15 
quadrates placed at an interval of 50 m along three 750 
m transects. Floristic list, density and canopy cover 
percentage were determined and recorded for each 
quadrate. The quadrate size was determined using the 
minimal area method (Green and Ostling, 2003). The 
randomized systematic method was used for sampling. 
Soil samples were taken from 0-20 cm and 20-80 cm 
in starting and ending points of each transect. 
Measured soil factors included texture (determined by 
Bouyoucos hydrometer), available moisture 
(weighting method), soil organic matter (determined 
using Walkely and Black rapid titration, Black, 1979), 
pH in the saturation extract (determined by pH meter), 
electrical conductivity (EC) (determined by 
conductivity meter), and lime (determined using 1 N 
HCl, Jackson, 1967). The elevation and slope (using 
GPS) and slope direction were determined at the 
location of each quadrate. 
The Logistic Regression (LR), and Artificial Neural 
Network (ANN) models were chosen to model the 
spatial distribution pattern of vegetation communities. 
 
III. RESULTS  
 
Logistic Regression based modeling 
The predicted occurrence probability of vegetation 
species is expressed via the equations 1 to 8. 
Regarding equation (1), the occurrence of Artemisia 
aucheri is dependent to the content of clay, lime and 
available moisture in the soil depth of 0-20 (W 1). 
Based on the predictive model obtained using the LR 
method, predictive vegetation maps were generated in 
the GIS environment. Fig 1 shows the predicted map 
of Astragalus spp. using the logistic regression model.  
 
ANN based modeling 
The accuracy of the ANN models was variable and 
depended on the number of nodes existed in the hidden 
layer of the model. The ANN models with 7 and 10 
nodes had the highest accuracy (i.e. 0.56). Since both 
the 7- and 10-node models produced the same 
accuracy (using the average of the two validation data 
sets), we chose the 7-node model as the best one 
because it performed better on the training data set 
than did the 10 node model. Fig 2 shows the predicted 

map of Astragalus spp. generated using the ANN 
model The comparison between the LR and ANN 
models are presented in Table 1. 
 
IV. DISCUSSION AND CONCLUSIONS  
 
Comparing the different modelling techniques showed 
that logistic regression and artificial neural networks 
are acceptable choices for frequent (occurrence at 
many sample plots) species where there are a 
sufficient number of samples. It was also shown that 
the distribution of species could be better defined if the 
logistic regression model would be used. The ANN 
method demonstrated that it could predict the spatial 
distribution of species with an acceptable level of 
accuracy. There is no preference between the later two 
methods in modeling the distribution of species in 
general. The decision for a modeling method should 
always be guided by the questions to be answered by 
the model results (Guisan et al., 1999; Tan et al, 2006). 
The results of Mi et al., (2010) showed that the ANN 
model was generally more accurate than the LR 
model. They suggested that artificial neural network 
models are more applicable than regression models. 
Also Özesmi et al., (2006) suggested that ANN models 
make good definitions of a study system but are too 
specific to generalize well to other ecologically 
complex systems unless input variable distributions 
are very similar. 
Similar research works will be necessary to apply 
dynamic models to simulate the relationship between 
changing environment space and the potential for 
species to disperse through fragmented landscapes, 
and to further our understanding of the complex 
dynamics of model systems consisting of multiple 
interacting species. 
It is concluded that the combination of modelling the 
local species distribution constitutes a promising 
future research area, which has the potentiality to 
enhance assessments and conservation planning of 
vegetation (like rangelands) based on predictive 
species models. 
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Fig. 1: Predicted map of Astragalus spp. using the logistic regression model 
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Fig. 2: Predicted map of Astragalus spp. using the ANN model 

 
Table 1: Kappa coefficient and accordance classes for predicted vegetation types using the LR and ANN models 

Number Vegetation type Model Kappa (κ) levels of agreement 

1 Artemisia aucheri- Bromous tomentellus LR o.43 fair 
ANN 0.52 fair 

2 Astragalus spp. 
LR 0.86 excellent 

ANN 0.91 excellent 

3 Eurotia ceratoides 
LR 0.56 good 

ANN 0.55 good 

4 Artemisia sieberi LR 0.33 poor 

ANN 0.3 poor 

6 Seidlitzia rosmarinus 
LR 0.6 good 

ANN 0.72 Very good 

7 Zygophyllum eurypterum 
LR 0.58 good 

ANN 0.62 good 

8 Halocnemum strobilaceum 
LR 0.46 fair 

ANN 0.53 fair 

  

 


