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ABSTRACT:

Forests have been highly exploited in recent decades in Iran and deforestation is going to be the major environmental concern due
to its role in destruction of natural ecosystem and soil cover. Therefore, finding the effective parameters in deforestation and
simulation of this process can help the management and preservation of forests. It helps predicting areas of deforestation in near
future which is a useful tool for making socioeconomic disciplines in order to prevent deforestation in the area. Recently, GIS
technologies are widely employed to support public policies in order to preserve ecosystems from undesirable human activities.

The aim of this study is modelling the distribution of forest destruction in part of Central Zagros Mountains and predicting its
process in future. In this paper we developed a Cellular Automata (CA) model for deforestation process due to its high
performance in spatial modelling, land cover change prediction and its compatibility with GIS. This model is going to determine
areas with deforestation risk in the future. Land cover maps were explored using high spatial resolution satellite imageries and the
forest land cover was extracted. In order to investigate the deforestation modelling, major elements of forest destruction relating
to human activity and also physiographic parameters was explored and the suitability map was produced. Then the suitability
map in combination with neighbourhood parameter was used to develop the CA model. Moreover, neighbourhood, suitability and
stochastic disturbance term were calibrated in order to improve the simulation results. Regarding this, several neighbourhood
configurations and different temporal intervals were tested. The accuracy of model was evaluated using satellite image. The
results showed that the developed CA model in this research has proper performance in simulation of deforestation process. This

model also predicted the areas with high potential for future deforestation.

1. INTRODUCTION

Forests currently cover about 30 percent of the world’s land
mass (National Geographic). However, the world's forests
have come under increasing threat in recent years.
According to the United Nations' Food and Agriculture
Organization (FAO) an estimated 18 million acres (7.3
million hectares) of forest are lost each year, about half of
the world's tropical forests have been cleared.

The impact of deforestation affects the world's ecosystems
in a number of ways. Trees and other plants prevent soil
deterioration using their roots. In fact, with the loss of trees
and plants, the speed of soil erosion may increase, in some
cases this may lead deforestation to degenerate into
dissertation. Deforestation also ruins the role of forest as
windbreaks.

Furthermore, forest deterioration may cause floods and
changes in climate. They are also home for animals and
indigenous people. Forest loss contributes between 12
percent and 17 percent of annual global greenhouse gas
emissions (World Resources Institute).It can also help
global warming.

Distribution of forests in each area has been controlled by
some factors like soil thickness and type, slope and climate.
According to FAO, forest destruction is increasing with the
rate of 13 million hectares a year. This report demonstrated

the deterioration of natural resources in Iran. This high rate
of deforestation, made Iran among top ten countries in Asia
and Eurasia regarding the amount of destruction (Arekhi,
2011).

Forests cover an area of about 5.2 million hectares in
Zagros area (Fattahi., 2003). Reports from “conservation of
biodiversity in central Zagros project” demonstrated that an
area about 96000 hectares of Central Zagros forests have
been destroyed in recent 32 years. In the mentioned area,
forests have been significantly decreased from 360000
hectares in 1975 to 263000 in 2007. Wood collection, fire
and over grazing are the most important factors which
affects forest destruction. The most deforestation happened
in 1975 to 2000. From 2000 to 2007 the rate of destruction
has been declined (FRWO).

In order to conserve and manage the west Zagros forests,
applicable disciplines must be applied by decisive
organisations. Monitoring the areas with high risk of
deforestation is one of the most important steps to
safeguard this area. In fact, detection of such areas can
prevent future disasters.

It must be noticed that conversion of forest to deforest is
not randomly for sure. In order to better monitor forest
destruction and its effects on ecosystem, some attempts are
focused on deforestation modelling in recent decades.
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Mas et al., 2004, used GIS and artificial neural network for
simulation of forest destruction. Croopper and Puri, et al.,
2001, assessed the role of roads and protected areas in
predicting the location of deforestation. Amor and Pfaff,
2008 used Generalized Linear Model (GLM) approach to
understand the probability of forest deterioration in the
area.

Cellular Automata (CA) is also used for deforestation
modelling due to its high accuracy in spatial modelling and
its compatibility with Geographic Information System.

The role of CA modelling especially in land use simulation
in recent decades can not be ignored (Li and Yeh 2000,
White and Engelen 1993, Wu and Webster,1998, Wu
1998b, White et al. 2000, Soares-Filho, 2002). This model
also, has been widely applied in urban development
simulation (Wolfram, 1984, White and Engelen, 1993,
Clarke et al., 1997, Batty et al., 1999, Almeida, 2008,
Alimohammadi et al., 2010)

Some CA models are developed for fire spreading
simulation (Karafyllidis, Thanailakis,1997, Li and Magill ,
2001, Berjak et al., 2002, Encinas,2007, Alexandridis,
2008,Yassemi et al., 2008, Almeida and Macau, 2011.
Walsh and Messina, 2002, applied cellular automata model
for predicting deforestation.

They mostly came to acceptable results in their simulation.

Soares-Filho et al., 2002, used stochastic cellular automata
model to simulate the landscape dynamics in an Amazonian
colonization frontier. In this model, logistic regression was
applied to calculate the spatial dynamic transition
probabilities. 8-year time interval, from 1986 to 1994, was
used to simulate maps. The resulted maps were compared
with land-use and land-cover maps which were obtained
from classification of satellite images using validation
methods.The obtained result demonstrated a good
performance of the model.

Arimatéa Ximenes et al., 2011, also used Cellular
Automata for spatial modelling of deforestation in Amazon.
According to the result, the employed CA model was
suitable enough in estimating the amount of forest
deterioration in the study area for the time span from 1997
to 2000.

Wu, 2002, simulated rural-urban land conversions using
Cellular Automata. Global probability has been calculated
by using logistic regression.

This work applies a CA model to simulate deforestation in
part of western Oak forest in Iran.

2. STUDY AREA

Western oak forest is a part of Zagros forests which covers
a vast area of the Zagros Mountain in the west of Iran. This
forest covers an area of about 5 million ha and Oak trees
are the dominant species in this region (Marvi-Mohajer,
2005 and Haidari et al, 2013). The study area is a part of
this forest in Kohgiluyeh and Boyer-Ahmad province
which covers about 335000 of the region. The whole region
is mountainous and almost steep (figure 1).

In this study, deforestation from 1986 to 1999 has been
modelled. Forest map is produced from Land sat/ ETM

images of the region and visual interpretation and
vegetation index were used for forest extraction.

Figure 1: study area

3. THE CA MODEL

A Cellular Automata is a dynamic system in which space is
divided into regular cells. The value of each cell at a given
time is updated according to its state and the states of its
neighbouring cells at the preceding time step (Wolfram
1984). The states of all cells are updated simultaneously
and the overall behaviour of the system is determined by
the combined effects of all transition rules (Liu, 2009)

In fact, in CA modelling, simulation is done based on
neighbourhood and suitability factors. Different methods
have been applied for development of suitability
computation. Wu, 2002, Alimohammadi et al., 2010 and
Arimatéa Ximenes 2011, used weight of evidence, Soares-
Filho et al., 2002 used logistic regression in CA modelling.
In this article, logistic regression has been used. Forest map
of 1986 and forest deforest map of 1999 is applied.
However, it is obvious that man made factors are more
effective in deforestation than Natural ones. Distribution of
settlements among the forests implies the effect of human
activities in changing the ecosystem of the region.
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According to recent researches, natural constraints like
slope, elevation and climate and also man’s activities are
very important in forest destruction. Therefore, in this study
distance from roads and villages beside DEM and slope are
used as base maps. Moreover, regarding the fact that forest
destruction starts from outer layer of forest boundary,
distance from forest boundary is applied in deforestation
modelling. The dependent variable is binary forest deforest
map (1986-1999) and the independent variables are slope,
elevation, distance from roads, villages and forest
boundaries. The model which is used for deforestation
probability estimation is as following:

Pj = a + Xy byx;

)

Pij =a-+ Z kakij
k

Where by are coefficients of the regression model; xy is a
set of site attributes and a is the constant.

nen Njj

Where,

Qij is the neighbourhood function referring to the
deforestation density within the n*n neighbours.

Nij is the state of pixels at time t in which 1 represents the
deforest and 0 the forest pixel.

v =1+ (~In(Rand))* ©)

v is a stochastic disturbance term, Rand is a random
number between 0-1, and a = 1 in this study.

4. CONCLUSION

Deforestation probability has been calculated using logistic
regression. Based on coefficients from regression the
probability for each pixel is computed according to the
following:
(4)

P;j=-0.534*(DEM)-1.642*(village_distance) -5.067*(road_
distance)-1.983*(forest boundary_ distance)-4.106*(slope)
+2.884

The resulted map is shown in figure 2.

Neighbourhood for each cell has been calculated using a
moving window in map in which 0 represents forest and 1
deforest. Different neighbourhood dimensions have been
tested (3*3, 5*5 and 7*7). For 3*3 window the
neighbourhood value is between 1/9- 1. 1/9 belongs to the
cell in which all the neighbours are forests and 1 is for the
cell that its all neighbours are deforested).

This CA model has been run for different time intervals
(t=3, 6, 12 and 24 months). Overall accuracy for different
neighbourhood sizes and temporal intervals were calculated

(tablel). The best resulted map is shown in figure 3 and
table 2 is the confusion matrix.

.o b

Figure 2: probability map (p;)

3 Month 6 Month | 12 Month 24 month

3*3 0.738 0.736 0.718 0.69
5*5 0.669 0.698 0.695 0.68
7 0.633 0.645 0.652 0.643

Table 1: Overall accuracy measurements

Deforest

I rorest

Figure 3: simulated deforestation maps with t=52 and
Neighbourhood window: 3*3

Forest Deforest
Forest 40635 | 11151 51786
Deforest | 11117 22215 33332
51752 | 33366 85118

Table 2: confusion matrix of simulated deforestation map
(t=52, Neighbourhood window: 3*3)
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Final CA model has been used to simulate deforestation in
2005. The resulted estimation is shown in figure 4.

| Deforest

. Foret

Figure 4: simulated deforestation in 2015

5. DISCUSSION

Results from logistic regression model indicated that
distance from road is the most effective factor in forest
destruction of the study area. Therefore the amount of
deforestation has been decreased in far distances. The
second important factor in forest deterioration is slope. It
must be mentioned that the most sever destruction has been
occurred in the area of less steep slope. This must be due
to better accessibility in such areas. Moreover, because of
soil preservation in less steep slopes, these fields are
suitable enough for agriculture.

Distance from villages is less important in comparison with
slope and road. This might be due to equal distribution of
villages among forest areas.

Elevation is the least effective factors in the resulted CA
model. This can be due to the fact that the whole area is
mountainous. Moreover, the high density of roads
omitted the risk of accessibility of outland mountains
However, using CA modelling with different time intervals
(while the other factors like number of neighbours are
constant) shows that the accuracy of the estimation model
will increase with decreasing time intervals. It is obvious
that the accuracy is increasing in higher iterations.
Furthermore number of neighbours involved in CA
simulation is of high importance. It can be understood from
the results that using fewer neighbours can help better
simulation. Using equal time intervals in all models, the
best deforest estimation is in 3*3 neighbours. 5*5
neighbours also have better result than 7*7. Based on this
fact, the chance of nearest cells in deforestation can be
higher in comparison with the other cells.
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