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ABSTRACT 
Nature is full of mosaic.  Landscape is not exceptional to this order.  Different land use pattern have evolved due to 

variations in anthropogenic activities. This has created environmental complexity. The societal demand in many cases is 

responsible for change in land use pattern which leads to changes in landscape. Since the change is time dependent 

mathematical methods are used to predict such changes. The study undertaken in undulating plateau region of Mayurbhanj 

district, Orissa indicates that settlement area has increased at the cost of farmland. The environmental complexity arises out 

of this change has brought a negative impact on forested land. 

INTRODUCTION  

Disorder in environment arises due to different 

natural and artificial processes. The change of land 

use pattern is a natural processes but this change may 

also organize due to anthropogenic disturbances. The 

main change occurs firstly from forest land to others, 

secondly from agriculture land to the other habitats. 

In high land and medium high land the changes occur 

mainly from forest to other habitat and in plain land 

the changes occur from agriculture to other habitats. 

This change of land use is a time dependent processes 

and the change processes are analyzed using 

statistical method. Markov chain method (matrix 

powering method) is used to find out the changes of 

land use. The land uses here considered are forest, 

agriculture, settlement and others (i.e. waste land, 

rocky zone and river & water bodies). With Markov 

chain method we also compared the result using 

usual linear regression method. The main change 

occurred in our considered zone is due to changes 

from agriculture to settlement. The predicated land 

use pattern indicates the main disturbances are 

mainly anthropogenic in nature.          

REVIEW OF LITERATURE  

The important environmental challenges and land 

management questions are increasingly posed on 

broad scale, yet ecological understanding is based 

largely on mechanistic studies in small homogeneous 

areas over relatively short time periods.  

Understanding and predicting trajectories of 

landscape change is another important focus of 

contemporary research in landscape ecology (Turner 

2005). Paleoecological studies have revealed the 

dynamic nature of landscapes over long period of 

time.  

It is essential to understand the states and dynamics 

of land-use for planning and important purposes. This 

includes not only the relative amounts in different 

land-use categories but also, more importantly the 

dynamics of land-use change among the categories 

(Muller and Middleton 1994). Bourne (1969) used 

Markov chain to describe and predict land-use 

change patterns over a large area of San Juan Island, 

Washington. Muller and Middleton (1994) used 

Markov chain to predict the land-use change 

dynamics in the Niagara region, Ontario, Canada and 

conclude Niagara experienced a 13% drop in 

agricultural land.          

Several approaches developed to apply the changing 

successional concept to predictive models, albeit non-

spatial model in 1970. Those most developed were 

two related approaches, Markov transition models 

and Vital-attribute models. These approaches 

exemplify more formal mathematical, and rules based 

formulation of succession theory are useful 

heuristically, and began application of succession 

theory to studies of ecological change and 

management (Mladenoff and Baker 1999). Stationary 

Markov models (Feller1968) to characterize the 

successional change over time based on observed 

transitions in forests (Stephens and Waggoner 1970, 

Waggner and Stephen 1970). Markov models are 

mathematical approach utilizing a matrix of 

empirically determined transition probabilities to 

predict tree-species replacement and, therefore, 

composition over time. Recently simple rule-based 

transition models, related to Markov models were 

developed in Australia (Noble and Slatyer 1980) and 

in western US (Cattelino et al 1979)                

Material and method   

The land-use data use collected from topographical 

maps (No. 73J/3) of Survey of India of year 1926 and 

1976. Total number of collected sample points was 

9996 in the above described region for each of the 

year. 

Our study is the measuring the land use changes, 

categorizing land-uses and summing up of the total 

number of points in the maps of two different years. 

Land-use change over a time period would be 

measured using the initial land-use distribution at the 

beginning of the first time period (i.e. 1926) as the 

base line and the land-use distribution is changing 

from time to time from one habitat to another habitat. 

The land use of a given sample point is classified as 

settlement, agriculture, forest and other (i.e.  waste 

land, rocky zone and river & water bodies) according 
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to which habitats occupied the largest portion of the 

square grid cells.     

The classical probability has dealt with independent 

trial processes, here the possibility for each 

experiment is same and occurs with same probability. 

Modern probability theory studies chance processes 

for which the knowledge of previous outcome 

influences prediction for future experiments. In this 

method the sequence of chance experiments, all of 

the past outcomes influence our predictions for the 

next experiment. For example if today is rainy what 

the probability is, the next day will be good sunshine 

day? Here the rainy day influences the weather of the 

next day. 

Markov (1913) began the study of important new 

type of chance process; here the outcome of a given 

experiment can affect the outcome of next 

experiment. This type of process is called a Markov 

chain.  

Let S={s1, s2, s3,…. sn} be a set of states, the process 

starts in one of the states and moves successively 

from one state to another state. Let Pij denotes the 

probability of the state si, to move to the state sj and 

this probability doesn’t depend upon which states the 

chain was in before the current state. The 

probabilities Pij are called the transition probability. 

Howard (1971) provides us with a picturesque 

description of a Markov chain as a frog jumping on a 

set of lily pads. The frog starts on one of the pad and 

jumps from lily pad to lily pad with appropriate 

transition probability. Kemeny et al (1974) apply 

Markov chain to discuss the prediction of weather. 

Sawyer (1979) applies Markov chain in the study of 

genetics.  

Here P is the transition probability matrix.  

P=  
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If X(t) is the initial state vector and X(t+1) is next 

state and  X(t+2) next second state vector then  

                            X(t+1)=X(t).P 

                            X(t+2)=X(t).P
2
 

And in general, X(t+k)=X(t)P
k
 for k time steps after 

the initial condition. The steady state solution can be 

solved by Eigen analysis.  

Another method is the linear approach regression line 

fit. Let (t1, x1) and (t2,x2) be the two observed values 

of the habitat at two time then  
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Then for t=t3 the predicted value X3 is given by  
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In the matrix powering method in our study 16 cells 

transition matrix reduce into an equivalent 4 cell 

matrices. The values in the four cells in computing 

after using Markov method /linear regression method 

indicates the amount of each land-use categories at a 

hypothetical future land-use.  

Result and discussion  

In our study from both Markov matrix powering 

method and linear regression analysis it is clear that 

the change in land-use is time dependent though the 

two methods gives two different results. In the study 

(73/J/3), in 1926, there was 71% of the land used in 

agriculture purpose but in 1976 there was only 66% 

of the land used in agriculture purpose. In this change 

most of the change occurred from agriculture to 

settlement. Here the transition probability matrix (P) 

is given in Table-1.   

P=
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Table-1 

(Where A=agriculture, F=forest, S=settlement and 

O=other)   

The land-use matrix in 1926 and 1976 are given in 

Table-2 and Table-3 respectively. 
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          Table-2                                    Table-3 

Using Markov chain method the hypothetical 

distribution of the land-use we get for the next 50 

year future which is 
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Table-4 

 This indicates if the change continues up to next 50 

years i.e. up to 2026 (Preserving all social, 

environmental, economic and other conditions fixed) 

then only 60.9% of the land-use will continue 

agriculture where as the land-use change for 

settlement will abruptly in increase 100 years.  

Since the land-use for settlement was 9.6% in 1926, 

13.5% in 1976 and will be 17.3% in the year 2026. 

Interesting results have been predicated in the second 
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stage of the Markov matrix powering method, the 

habitat other (i.e. waste land, rocky zone and river & 

water bodies) land-use pattern in the following, 5.4% 

for 1926, 5.8% for 1976 and expected 6.1% for the 

year 2026, the land-use for others will increase but 

the change is very high. From the Markov chain 

method it is clear that the landscape has a disturbance 

due to human land use for settlement purpose. As the 

human disturbances increase in the landscape, the 

landscape complexity will increase. From the above 

discussion it clear that the landscape complexity 

changes from time to time and this change is not fully 

random, it is due to human interventions. Batistella et 

al (2003) studied the land-use change in Rondônia 

and Amazônia, they conclude that in this zones have 

highest deforestation rate and this deforestation 

occurring due to colonization projects. Muller and 

Middleton (1994) studied the land use change in 

Niagara region of Canada; they conclude that in this 

region the agricultural land mainly changes to urban 

use. Our study reaffirmed the above two studies.  

But if we use linear regression model, we see that the 

predicted land use in 2026 will be 61.2% for 

agricultural and 17.4% for settlement. It is clear that 

in this method predicated land-use for agriculture is 

less than Markov method and settlement is more. 

There is some nominal difference in the two methods. 

CONCLUSIONS 

It could therefore be concluded that the changes in 

land use pattern from one state to other is mainly 

from anthropogenic disturbances. Composition 

between different land use patterns not only increase 

the complexities but also bring some negative impact 

on dominant cover type.  
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