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ABSTRACT 

Today forests are under huge pressure due to ever expanding human needs and 

encroachment, which frequently leads to conversion and degradation of forest land into the 

non-forest land. Present study had been aimed towards the monitoring and prediction of 

forest cover in the Bilaspur district of Himachal Pradesh using remote sensing and GIS as a 

tool. The satellite imageries of two time period (October, 2000, 2009) were used for the 

monitoring of the changes in the forest cover. A model of the forest cover was predicted for 

the year 2018 using Cellular Automata model. Two different classifiers i.e. Fuzzy c-means 

(FCM) and Supervised classification (nearest-neighbor) were applied and the second one was 

found satisfactory in topographical conditions of the study area. The results obtained from 

satellite imageries regarding land use land cover classes were found 82% accurate (Overall 

Kappa statistics = 0.7823) for the year 2000 and 80% (Overall Kappa statistics = 0.7573) for 

the year 2009. For the year 2000 the agriculture was covering 9.72%, Pine forest was 

covering 25.23%, Mixed forest was covering 31.67% and Water with other classes (including 

settlements, grasslands and scrublands) were covering 33.37% of the total geographical area 

of the study site. Similarly for the year 2009 agriculture was covering 14.15%, Pine forest 

was covering 25.45%, Mixed forest was covering 16.21% and water with other classes were 

covering 44.17% of the total geographical area of the study site. Total forest area in 2000 was 

56.90% while in 2009 it became 41.66%. A net decrease in the forested area was 15.24% 

during this time span in which mixed forest was the major constituent (15.46%). Agricultural 

area was increased by 4.43% in the same time period. The predictive model were projected 

for the year of 2018 in which agriculture was covering about 14%, Pine forest was covering 

about 25.48%, mixed forest were covering about 16.23%, and water with other classes were 

covering about 44.19%. The results of the model for 2018 were not showing significant 

deforestation if the all conditions thought to be static.   

Key words: Predictive modeling, pine forest, supervised classification, projected land cover 

land use, FCM, MLC. 

INTRODUCTION 

Forests are one of the most important natural resources on earth in terms of the goods 

and services provided to humans and play a major role in maintaining the ecological cycles 

by controlling the flow of energy and material. These are basically dominated by trees and set 

aside for the production of timber, together with other forest produce and indirect benefits 

including climatic and protective (Shivkumar, ). Forests are being depleted worldwide due to 
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ever increasing population and its dependence on it which results into the deforestation. In 

the primitive times when there was little human population and low level of economic 

activity, deforestation was not a problem because the natural regeneration of forest was 

adequate to cover for any loss of forest by human beings. However, with the advent of 

modern civilization and industrialization and the increase in population, the forest loss to 

meet the ever growing needs of the human population became so huge that it posed a problem 

for the global environment. FAO (2000) identified the role of population dynamics on the 

deforestation and stated that the deforestation can result from” a combination of population 

pressure and stagnating economic, social and technological conditions." According to the 

United Nations Framework Convention on Climate Change (UNFCCC, 2007) secretariat, the 

overwhelming direct cause of deforestation is agriculture. Subsistence farming is responsible 

for 48% of deforestation; commercial agriculture is responsible for 32% of deforestation; 

logging is responsible for 14% of deforestation and fuel wood removals make up 5% of 

deforestation. Deforestation, mainly conversion of forests for agriculture activities, has been 

estimated at an alarming rate of 13 million hectares per year in the period 1990-2005 

(UNFCCC, 2005). Baseline scenario calculations show that around 5% or close to 200 

million ha of today’s forest area will be lost between 2006 and 2025, resulting in a release of 

additional 17.5 GtC to the atmospheric carbon pool and around 500 million ha (1/8 part of 

current forest cover) forest area will be lost in the next 100 year (Kindermann et.al., 2006) by 

predicting deforestation trends.  The alarming rate of the deforestation compels us to use 

modern technologies for the monitoring and projecting the conditions of the today’s forest 

cover scenario within time and with accuracy.  Fortunately remote sensing and Geographic 

Information System (GIS) are playing a vital role in monitoring the forest cover and changes 

all over the world and also plays a significant role to develop the models for conserving these 

natural resources.  

Several studied have  been done for the mapping, monitoring, assessing and 

predicting the forest and land use land cover worldwide by many researcher using the remote 

sensing and geospatial technology (Novaline J. et.al. 2008, Joshi P.K., 2001, Hesbon O. et.al., 

2003, Roy P. S., et.al., 2002,  Selcuk R., 2008, Westinga Eduard 2004, FSI binial cycle,ISFR, 

2007). Gupta, and Munshi, (1985), studied Land use and forestry of Himachal Pradesh with 

changes in land use and land cover, using LANDSAT data. Kushwaha (1990) used the 

Landsat MSS data in forest type mapping and change detection in the southern part of India. 

Joshi, P.K. et al (2001) studied forest cover in western Himalayas, Himachal Pradesh using 

IRS 1C/1D WiFS data. They developed a phonologically dependent methodology for the 

Himalayas, where generally snow/cloud-free data set is hardly available.  

Projections of future land-cover patterns are needed to assess the associations of 

human action for the future scenario of the forest ecosystem (Turner et al., 1995). This also 

helps in obtaining other information’s required for the planning and management of the 

natural assets (Forest Ecosystem, forest goods and services, forest cover, land resources, 

water resources etc.). The future scenario of the forest would also be beneficial for the 

implementation of REDD and REDD+ strategies to enhance the forest quality. Several 

predictive models have been used for the projection of forest cover and land cover changes so 

far. Initially the models were used for the predictive modeling of land use land cover changes 

were based on the two conditions, 1. Amounts of land-cover change 2. Sites of future changes 

(Veldkamp and Fresco, 1996; Landis and Zhang, 1998; Pijanowski et al., 2002). However the 

spatial patterns of these changes were the prior requirement to evaluate the consequences of 

current and latest trends of the land cover which would be beneficial to evaluate the future 
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fragmentation of the landscape (Brown et.al. 2002). D.G. Brown (2002) used an approach to 

stimulate land cover change based on couples of classified images. An initial land-cover map, 

probability transition maps of each possible class transition, and a geostatistical portrayal of 

the patterns of change were the basis on which the method conditions the simulation. 

Recently, Demirel, H. et.al (2010) used cellular automata for modeling urban dynamics in 

metropolitan cities. They gave the past, present and future trends of land use dynamics of 

European part of the Istanbul Metropolitan. Landsat images of 1984, 1995 and 2006 use to 

determine land use changes. The land use for the year 2017 was predicted using cellular 

automata. Present study is focused towards the same aspect of the prediction modeling where 

we aimed to model the forest and land use land cover classes in the year of 2018. 

Simultaneously the change in the land use land cover had been assessed during the year 2000 

and 2009. 

DATA AND METHODOLOGY 

Study area  

District Bilaspur lies between 31°12'30'' and 31°35'45'' North Latitude and between 76°23'45'' 

and 76°55'40'' East Longitude in the outer hills of the Himalayas in Himachal Pradesh, on the 

south east side of the Satluj, at a height of about 670m above in sea level and probably the 

first planned hill town of the country (fig.1). Alluvial fans, river terraces and gravel beds of 

recent age and the sandstone, claystone and conglomerates belonging to Shiwalik group are 

the main formations of this area. There are nine different types of soils found in Himachal 

Pradesh which include alluvial soils, brown hill  

 

Fig. 1: Location Map of  the Study Area 
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Fig. 2a: FCC of year 2000 

 

 

 

 

 

soils, brown earths, brown porests soils, grey wooded or podozolic soils, grey brown podzolic 

soils, plansolic soils, humus and iron podzols and alpine humus mountain skeletal soils. 

Annual rainfall varying with maximum of 62 mm and minimum of 1.5 mm. Annual mean 

rainfall is 1430 mm. The temperature usually remains between 5° C and 37°C depending 

upon the season and altitude. Forest types include northern dry mixed deciduous, shiwalik 

chirpines and dry bamboo brake forests with the 1167Km2 forest cover of total geographical 

area (Forest Survey of India, ISFR, 2007). 

Methodology 

Two scenes of the LANDSAT-7 ETM+ satellite acquired in year 2000 and year 2009 

were used for the study with the spatial resolution of 30m and 8 bit spectral resolution (fig. 2, 

a and b). Survey of India (SOI) topographical maps were used as reference data for the geo-

referencing of Landsat data. The achieved root mean squire error (RMSE) was less than a 

pixel. A reconicense survey was done for the preliminary observation of the settings of land 

use land cover. A total of 35 point were collected regarding the forest cover, other land use 

and land cover, and changes observed on the false color composite of the historical satellite 

data (2000, 2009) downloaded from USGS.glovis.com. Band 2(0.52-0.60 µm), Band 3(0.63-

0.69 µm) and Band 4(0.76-0.90 µm) were selected for the present study out of 7 bands, 

downloaded. Two different methods were applied for the clustering the images in the 

thematic layers. These were Fuzzy c-means (FCM) and supervised Maximum Likelihood 

Classifier (MLC). Image processing software ENVI 4.5 was used for classification and 

IDRISI software for predictive modeling.  

 

                                      Fig. 2a  FCC Image of  the Study Area for the Year -2000 
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                 Fig. 2b FCC Image of  the Study Area for the Year -2009 

Specific ROIs (Region of Interest) were selected on basis of the knowledge which was 

developed after field visit. Suitable Classification algorithm was then applied on both images 

of year 2000 and year 2009. Water, Agriculture, Mixed forest, Pine forest with a 

miscellaneous class others (including grasslands, settlements, scrubland and other non-forest 

categories) were interpreted. Other class was made to control the complexity in the predictive 

modeling and for the suitability of the model to be run. The classification accuracy for the 

year 2000 and 2009 were 82% (Overall Kappa statistics = 0.7823) and 80% (Overall Kappa 

statistics = 0.7573) respectively. 

Prediction of Bilaspur forest in the year of 2018 comprises two methods: (a) 

allocation of transition probability of land cover classes to other land cover classes (water, 

agriculture, mixed forest, pine forest and others) (b) spatial distribution of the land cover 

changes which are expected to take place in 2018. Although the transition probabilities 

matrix records the probability that each land cover category will change to every other 

category, it does not contain any information about spatial distribution of the changes. To add 

this component, Cellular Automata technique was used which works on the following inputs
1
 

and functions
2
 (1. Marcov chain analysis outputs, 2. Suitability based Cellular Automata 

Technique).                                             

 

 

S2018(x,y) = State of the pixel at location (x, y) 

f (Prob2009{x,y}) = Probability of the transition from one state to another for the pixel 

located at      (x, y) 

f (potential2009{x y}) = degree of suitability to the conversion from one state to another for 

the     pixel located at (x, y) 

N is the neighborhood which delivers the input rules for the pixel transition. 
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CA Markov model uses neighborhood transition rules for the simulation of land use 

and cover changes (LUCC) at time 2 based on the state of the system at time 1. It develops a 

spatially-explicit contiguity-weighting factor to change the state of cells based on its 

neighbors, thus giving geography more importance in the solution. The inputs for the CA 

Markov model were the conditional probability images generated from Markov model and 

transition probability matrix (Table no. 2) of land cover conversion. 5 by 5 contiguity filter 

was used to generate the spatial distribution of the Bilaspur forest cover in the year of 2018 

on the basis of forest covers in 2000 and 2009. The Paradigm of the entire research work is 

presented below (in the fig. 5). 

RESULTS AND DISCUSSION 

Status of forest cover since 2000 till 2009 

A total of five land cover classes have been interpreted in the entire study area. These were 

Water body, Agriculture, Mixed Forest, Pine Forest and Others (fig. 3 a and b). In the year 

2000 water comprises 8896.90ha area, Agriculture 11345.15ha, Mixed Forest 36966.88ha, 

Pine Forest 29450.83ha and Others 30051.87 ha.  In the year 2009 water comprises 

8980.83ha, agriculture 16516.2ha, Mixed Forest 18924.4ha, Pine Forest 29709.3ha and 

others 42580.9ha out of total 116711.63ha geographical area. About 15.46% of negative 

change has been observed in the mixed forest category while agriculture and other non-forest 

categories were showing 4.43% and 10.74% of positive changes. Water bodies and pine 

forest are not showing significant changes in the study area. Mixed forest was of low quality, 

having greater vulnerability of forest fire and finds least protective measures, would be the 

possible reasons for this dramatic change however its significance in the carbon sequestration 

could not be ignored. As usual agriculture has been increased during this time span. This was 

the result of population needs for food which has been increased by time. The settlements 

included in the other class have also shown the significant change. The population growth 
would be the possible reason for this. The graphical representation of the changes has been 

shown in (fig. 6).  

 

 
Fig. 3a: Land cover map of the year 2000 
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Fig. 5: Paradigm of the study 

 

Fig. 3b: Land cover map of the year 2009 
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Area wise and percentage wise land use and land cover classes with the changes during the 

year of 2000 and 2009 are given below in the table. 

Table 1: Percentage area and Changes since the year of 2000 and 2009 

S.No

. 

Class Year 2000 Year 2009 Change 

Area 

(ha) 

Area 

(%) 

Area 

(ha) 

Area 

(%) 

Area 

(ha) 

Area 

(%) 

1 Water body 8896.90 7.62 8980.83 7.69 83.93 0.07 

2 Agriculture 11345.15 9.72 16516.2 14.15 5171.05 4.43 

3 Mixed 

Forest 

36966.88 31.67 18924.4 16.21 -18042.48 -15.46 

4 Pine Forest 29450.83 25.23 29709.3 25.46 258.47 0.22 

5 Others 30051.87 25.75 42580.9 36.48 12529.03 10.74 

6 Total 116711.63 100.00 116711.63 100.00 - - 

 

 

Fig. 6: Graphical representation of change in forest cover during T1 (2000) and T2 (2009) 

Transition probability matrix 

Markov model uses two time land cover images for the generation of the  transition   

probability matrix which  express the likelihood that a pixel of a given class will change to 

any other class (or stay the same) in the next time period (Table 2).   



International Journal of Advanced Scientific and Technical Research           Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

 Page 296 

 

 

 

Land cover model for the year of 2018 

 

Land cover model were obtained for the year 2018 after applying prediction modeling on the 

data set. We observed that in year 2018 mixed forest will occupy 16.23% of the total 

geographic area. Pine forest is expected to cover 25.48% of the total area of Bilaspur district. 

Water shows no effect and will remain same. Agriculture will occupy 14.09% of the total 

area. Settlements, grasslands and scrublands will cover 36.50% of the total area which is 

tagged as other classes (fig. 8). The graphical representation of the predictive forest area for 

year 2018 is shown in fig. 7. The table given below is showing scenario of the land cover 

classes and their respective area in the year 2018 (Table 3). 

 

Table 3: Scenario of the land cover classes and their respective area in the year 2018 

CLASSES Water body Agriculture Mixed forest Pine forest others 

Water body 0.4127 0.2949 0.1309 0.0002 0.1612 

Agriculture 0.1146 0.3496 0.1574 0.1327 0.2458 

Mixed forest 0.1010 0.2333 0.3753 0.1353 0.1551 

Pine forest 0.1028 0.1439 0.2226 0.37380 0.1569 

others 0.1027 0.2554 0.1638 0.157 0.3211 

S.No Class Area(hectare) Area (%) 

1 Water body 8991.68 7.704183 

2 Agriculture 16445.54 14.09075 

3 Mixed Forest 18945.86 16.23305 

4 Pine Forest 29734.27 25.4767 

5 Others 42594.29 36.49532 

6 Total 116711.63 100.00 

Table 2: Transition Probability 

matrix 
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Fig. 7: Graphical representation of predicted area (round figure) of various classes in 2018 

The pi diagramme were little-bit modified for the convenience of understanding. The percentage area 

figures were rounded off first accordingly.   The total area is distributed as follows; 8% water body, 

14% Agriculture, 16% Mixed forest, 25% Pine forest, and 37% of other classes including grasslands, 

settlements, non forest etc. 

 

Fig. 8: Predictive models for the year 2018 
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CONCLUSION 

The present study monitors the status of forest cover between the periods of 2000 to 2009 in 

Bilaspur district of Himachal Pradesh. Classified images showed that in the year 2000 out of 

total geographic area, about 7% was covered by water, 25% is covered by pine forests, 32% 

is covered by mixed forests, and 10% is covered agricultural land. The rest 26% is covered by 

other classes which include settlements, grasslands and scrublands. On the other hand, results 

showed that there was decrease in the area covered by mixed forests in 2009. It is observed 

that, in this year mixed forest lost their half of the area. Pine and water did not change their 

areas but there was an increase of 4% area covered by agriculture land. Other classes which 

include settlements, grasslands and scrublands were increased and occupied 37% of total 

geographic area of the district. 

After applying prediction modelling over these two time dataset, projected scenario of 

Bilaspur forest was generated and it was found that on the basis of the forest conditions 

during 2000 and 2009, there will not be significant deforestation in by 2018 if the same 

conditions follow till 2018. But if Bilaspur forest will not be managed and planned properly, 

they may have significant deforestation in coming years due to developmental pressure, 

cultural facets, extraction of natural resources like minerals, NWFPs etc. 
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