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ABSTRACT 
 

The present study used satellite data from Landsat ETM image for the years 1991 and 2016. These data were taken from the Global 

Land Cover Database maintained by United States Geological Survey (USGS). These data were radiometrically and geometrically 

corrected. For the year 1971, the groundwork of land use/land cover (LU/LC) map using Survey of India (SOI) topographic map. Using 

visual interpretation technique LU/LC maps of 1991 and 2016 were prepared with the help of vector polygons for various units and then 

these data were converted in to raster grids format for the purpose of further analysis. The most predominant land use found is 

agricultural land with an aerial extent of 56.54% of the total area followed by settlement covering about 20.22 %. The LU/LC categories 

of water bodies, agriculture, swamps and marshes, settlements, built-up, grass lands, fallow lands and forests were considered for each 

year. The dynamics in it were analyzed. It is found that agriculture is the most dynamic land use category followed by settlement. Due to 

the growth of population in the district the requirement for agriculture land is very high. As a result of which there is growth of 

agricultural and settlements at the cost of marshes and swamps, forests and grasslands which are declined over the period of nearly 

four decades.  

LU/LC Dynamics, GIS & RS.

narayan.chetry@yahoo.com
 

Introduction 
Land use/land cover studies are now conventional as essential to 

any estimation of assets and deterioration of environment. 

(Lillesand and Kiefer, 1972). Land use is a periphery bordered by 

the biological, physical, social and economic systems. In case of 

planning and resource management land use and land cover 

change study is the most important. These two concept “land use 

and land cover” are connected by the change sources like the 

human actions that modify directly the physical environment 

(Turner and Mayer, 1994). Land use and land cover is devoted to 

the vegetation and artificial construction covering the land 

surface (Anderson et al., 1976). 

 

Conventional systems for collecting anthropological information 

and quantitative analysis of environmental issues are not 

satisfactory for multivariate environmental studies and managing 

the multivariate data set, we need modern technologies like 

Remote Sensing and GIS.  The word Remote Sensing has new on 

the way to perform by means of the scientific conduct of 

collecting air and space borne information. Land use and land 

cover distribution are the product of relations between man and 

their surroundings. A few of the land make use of are directly 

associated to cultures, and socio-economic conditions of the 

people (Vink, 1975).  

 

In the mid 1970 it was recognized that LU/LC dynamics modifies 

our environment (Otterman, 1974; Charney and Stone, 1975; 

Sagan et al, 1977). In the early 1980s, terrestrial ecosystems as 

sources and sinks of carbon were highlighted this underscore the 

impact of LU/LC dynamics on global climate via carbon cycle 

(Houghton et al, 1985). Since 1970 spatio-temporal remotely 

sensed satellite data were used to detect LU/LC change studies 

(Singh, 1989). Scientist and the public alike now understand that 

contemporary change in many realms of the biosphere is largely 

the product of human activities. Human impacts on the global 

environment are operating at unprecedented magnitudes rates 

and spatial scales For example: at least half of the ice-free 

surface of the Earth has already been substantially altered for a 

variety of human uses (Kates et al. 1990).   

 

LU/LC change impacts both biosphere and atmosphere. Changes 

in environment, hydrosphere and atmosphere quality and the 

quality of existence are a number of environmental, social and 

economic apprehensions related with land use and land cover 

transform. Sustainable land resource supervision can be 

administered by means of precise knowledge of land use and land 

cover features and relative jeopardy of environmental 

vulnerability. Much of land in the earth has by now been 

customized except for unreachable locations (Turner and Meyer, 

1994). 

 

The extreme jeopardy and major confront for the society are high 

growth rate of population, climate change, and over utilization of 

ecosystem services (Sachs, 2009).  Land only determines the pace 
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of development of man’s economic and social activities and land 

is a significant reserve (Rayamane, 2001). As a result of enormous 

assorted anthropogenic stress, for instance agricultural 

expansion, lumbering, growth of plantation, mining, industrial 

intensification, urbanization, growth of transport system etc., land 

is turn in to a inadequate reserve. These underlying driving forces 

are accountable for harmful land cover change (Geist and Lambin, 

2002). Designed for planning and execution of land uses schemes, 

reliable LU/LC information are most urgent and important and 

considered as primary key. Today, LU/LC information has 

increasing demands for important human desires and pleasure. In 

support of gathering information on LU/LC status simultaneously 

with field surveys and mapping from aerial photography and 

satellite imagery, several techniques are being used. These 

techniques have a range of advantages and disadvantages. In this 

regard, field study are incredibly time consuming and normally 

impracticable for large area but it could provide and make 

available extremely precise LU/LC information.  There is a 

progressive turn down in area under agriculture, built up area has 

witnessed a fruitful development. Correspondingly area under 

wasteland, forests and fallow land too has witnessed a decline. 

Space technology through Remote Sensing has provided us with 

workable tool to evaluate such changes (Verma et. al, 2013).  

 

 

 
Figure 1. Location of the study area. 
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Human institutions, population size and distribution, economic 

development, information, science and technology and other 

factors exaggerate the land-use and land-cover change on the 

earth’s surface. If truth be told, land use and land cover change 

also depends on a perceptive of precedent land-use practices, 

existing LU/LC patterns, and projections of upcoming land use and 

land cover (Singh, 2015). Since time immemorial, human use land 

to meet their material social and cultural needs. In this process, 

they are modifying land resources in various ways, often with 

detrimental impacts on the environment and human well-being. 

Land cover may change under the influence of biophysical 

conditions only but, most frequently; it results from human-

induced land-use change (Briassoulis, 2016). 

 

Location of the study area 

The study area is covering Sibsagar district of Assam (Fig.1). It 

lies in between 26°45' to 27°15' North latitude and 94°25' to 

95°22' East longitude. Sivasagar district covers an area of 2668 

km2 (rural: 2625.07 km2 and urban: 42.93 km2.) It has an average 

elevation of 86.8 m. above sea level. It is bounded by Dibrugarh 

district in the east and Jhanji in the west, Tirap district of 

Arunachal Pradesh and Mon district of Nagaland is situated in the 

south, while the Lakhimpur district lies in the North of the district. 

Sibsagar district has three administrative sub-divisions.  

 

Data sources and methodology 

The present study used mainly two sources of data. These are 

Survey of India topographic map 1971 (1:50,000 scale.(83  i/
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published by the Survey of India, 1972) and satellite data. The 

satellite data includes Landsat ETM image for the years 1991 and 

2016. The sources and characteristics of these data sets are 

presented in Table 1. These data were radiometrically and 

geometrically corrected.  

 

The following methodology is adapted to generating and 

processing of data for this research work: 

 

(i) Entire hard copy Survey of India maps were scanned by scanner 

and transformed into computer readable digital data sets which 

being used as base map. These digital maps were imported to 

ERDAS IMAGINE 9.2 and these are geo-referenced and projected 

into UTM system with WGS84 ellipsoid. The rectified digital maps 

were accordingly imported to ARC GIS 9.2 with the intention of 

digitizing the existing features in vector polygons combining them 

into eight major classes, water bodies(WB), agriculture(AG), 

swamps and marshes(SM), rural settlements(RST), built-up(BT), 

grass lands(GL), fallow lands(FL)  and forests(FR). These data layer 

is generated in geographic coordinated system with ellipsoid 

WGS84 and further it is converted to UTM projection with WGS84 

ellipsoid. All the features of roads, settlements and drainage 

were considered and these are grouped into respective 

categories.  

(ii) The satellite data is georeferenced and projected in to same 

framework as the Survey of India map by using ERDAS 9.2. The 

classification method adopted here is visual interpretation; hence 

these data layer are digitized in to vector polygons for various 

LU/LC classes as mentioned earlier so that these can be 

compared with the data generated from Survey of India 

topographic map. Digital image classification procedure could not 

yield comparable results because the discrimination in water 

bodies and built-up areas, the vegetative cover and the 

settlement areas could not be made probably. Hence, the visual 

interpretation from these image data produced better results 

which can be compared to the LU/LC map prepared from Survey 

of India. Accuracy assessments of classified LU/LC maps were 

done using ground truth. 

 

Results and discussion 

LU/LC status of 1971, 1991 and 2016 

Information regarding LU/LC has become important to overcome 

the problem of environmental degradation. The major cause 

behind the LU/LC changes increasing population, urbanization, 

industrialization, shifting of occupation etc. The study area 

Sibsagar District is an ancient capital of Assam as well as famous 

for tea, petroleum and forest based industries. This is also a 

centre of attraction of Ahom monuments. During the past 

decades, the study area has witnessed substantial increase in 

population and industrial growth. Due to involvement of multiple 

data sets, this study used RS and GIS tools to quantify LU/LC. On 

the basis of the interpretation of the satellite data, field surveys 

and existing study area conditions, this study classified the study 

area into eight categories, that is, agriculture, rural settlement, 

water-bodies, marshes and swamps, grasslands, built-up, fallow 

lands and forests. The status of LU/LC for 1971 is presented in 

Fig. 2 and its statistics in Fig. 3.  It is observed from the LU/LC 

map that major part of the study area is covered by agriculture 

and rural settlements. The Table 2 shows the area wise statistics 

of LU/LC categories of the study area for the years 1971, 1991 

and 2016.  

 

 

Table 1. Satellite data sources. 

Year Satellite Resolution (m) Path/Row Bands Date of acquisition 

1991 Land Sat TM 30 41/135 6,7,8 9/11/1991 

2016 Land Sat TM 30 41/135 6,7,8 19/11/2016 

Source: Global Land Cover Network maintained by United States Geological Survey (USGS). 
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Figure 2. LU/LC of 1971 based on Survey of India Topographic Map, 

1971, referred to this map as1:50,000 (1972).  

Figure 3. LU/LC of Sibsagar District, Assam (1971) 

 

 

 

 

Table 2. Total geographical area and percentage. 

LU/LC Class Area in km2 Area in % 

1971 1991 2016 1971 1991 2016 

Water bodies 122.52 124.36 122.83 4.59 4.66 4.60 

Agriculture 1351.85 1485.54 1508.69 50.66 55.67 56.54 

Swamps and Marshes 49.48 40.35 22.31 1.85 1.51 0.83 

Rural Settlement 377.03 525.44 539.72 14.13 19.69 20.22 

Grass lands 184.93 63.24 51.07 6.93 2.37 1.91 

Built-up 127.17 140.29 149.55 4.76 5.25 5.60 

Fallow lands 93.8 51.75 50.12 3.51 1.93 1.87 

Forests 361.19 237 223.36 13.53 8.88 8.37 

Total 2668 2668 2668 100 100 100 

Source: Survey of India topographic map 1971 and satellite data 1991 and 2016. 

 

 

 

  
Figure 4. LU/LC of 1991 based on satellite imagery (LAND SAT-ETM, Band 

6, 7, 8, Resolution – 30mt. November, 1991.) 

Figure 5. LU/LC of Sibsagar District, Assam, 1991 
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Table 3. Total Geographical Area (TGA) change and change percentage. 

LU/LC TGA change in km2 TGA change in % 

1971-1991 1991-2016 1971-2016 1971-1991 1991-2016 1971-2016 

Water bodies  1.84 1.53 0.31 +.07 -0.06 +0.01 

Agriculture 133.69 23.15 156.69 +5.01 +0.87 +5.88 

Swamps and Marshes 9.13 18.04 27.17 -.34 -0.68 -1.02 

Rural settlement 148.41 14.28 162.69 +5.56 +0.53 +6.09 

Grass lands 121.69 12.17 133.86 - 4.56 -0.46 -5.02 

Built-up 13.12 9.26 22.38 +.49 +0.36 +0.84 

Fallow lands 46.55 1.63 43.68 - 1.58 -0.06 -1.64 

Forests 124.19 13.64 137.83 - 4.65 -0.51 -5.18 

 

 

  

Figure 6. LU/LC status of 2016 based on satellite imagery (LAND 

SAT-ETM, Band 6, 7, 8). 

Figure 7. LU/LC of Sibsagar District, Assam, 2016. 

 

 

 
 

Figure 8. LU/LC dynamics of Sibsagar District, Assam, from 1971 to 2016. 
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Similarly, the status of LU/LC for 1991 is shown in the Fig. 4 and 

its statistics in Fig.5. It is found that out of the total area 

agriculture land occupied major percentage and followed by rural 

settlements. In the same way status of LU/LC for 2016 is shown 

in Fig. 5.6 and Fig.5.7. This is the latest LU/LC map and it 

obviously shows the most recent LU/LC scenario of the study 

area. Similarly, Table-5.1 is shown the total geographical area 

and percentage of LU/LC for the year 2016, from which it is quite 

clear that agriculture has the largest share followed by rural 

settlements, forests, built up, water bodies, grassland, fallow 

lands and swamps and marshes. This trend continued since 1971. 

 

Land use and land cover dynamics 

A statistical evaluation of the nature and dynamics of LU/LC 

change gives the primary evidence to understand the possible 

degradation of environment. The comparative study of the LU/LC 

pattern of 1971, 1991 and 2016 clearly revealed the change in 

different LU/LC categories. The temporal variation in LU/LC 

between 1971 and 2016 is reflected from the following Fig. 5.8 

and Table 3. Apart from water bodies, there lies a considerable 

change in almost each category of LU/LC in the study area during 

this period. It is observed that the area under agriculture and rural 

settlements is increased significantly.  

 

There are several underlying factors of transformation of LU/LC 

pattern varying from bio-physical to anthropogenic based on the 

locality of the changing site. The study area witnessed major 

percentage of forests, grass lands and swamps and marshes 

converted in to agriculture and rural settlements and other 

development activities as the population increased. Similar 

situation is found by  Sachs in 2009. Moreover, LU/LC of the study 

area is going under rapid change due to anthropogenic pressure, 

such as agricultural expansion, industrialization, urbanization etc. 

Similarly, same situation is described by Singh in 2015 regarding 

LU/LC dynamics. The following Table 4 show the growth rate and 

density of population of the study area since 1971-2011. 

 

Table 4. Decadal growth rate and density of population of the 

study area. 

Year Decadal growth rate of 

population in % 

Density of 

population/km2 

1961-1971 19.47 245 

1971-1991 38.85 340 

1991-2001 15.75 394 

2001-2011 9.44 431 

Source: Census of India, Primary Census Abstract, Sivasagar 

District, Assam 

 

Accuracy assessment 

Evaluating the accuracy of the results of image classification is of 

great significance since it gives evidence of how well the 

classifier is able to take out the preferred objectives from the 

image. By and large overall accuracies for the LU/LC maps of the 

study area in 1991 and 2016 were 92% and 89% respectively 

(Table 5).  

 

Conclusion 

The study area has been suffering from rapid land use and land 

cover change owing to increase of population that resulted sharp 

reduction in forests, grass lands and marshes and swamps. The 

study covers the LU/LC dynamics from 1971 to1991 and 1991 to 

2016 (Table: 5.2) over the district at different temporal scales. The 

agricultural land increase from 50.24% to 54.20 % within 1971 to 

1991 and it is slightly increased within 1991 to 2016 from 55.67 

% to 56.54%. Correspondingly, area under rural settlement is also 

increased in between 1971 to 1991 from 14.11% to 19.61% and 

in between 1991 to 2016 from 19.61% to 20.15%. The area under 

agriculture has increased by 133.6km2 between 1971 and 2016. It 

is observed that water bodies are remaining unchanged .during 

this period. LU/LC changes are forever determined by their 

respective space and time in relation to demand of population and 

food. From the above discussion, review of literature, findings and 

statistics, this study reveals that expansion of agriculture and 

rural settlement plays a significant role over LU/LC change in the 

study area. 

 

Table 5. Accuracy assessment statistics. 

 

LU/LC 

Year 

1991 2016 

PA(%) UA(%) KA(%) PA(%) UA(%) KA(%) 

Water bodies  100.0 100.0 1.00 100.0 100.0 100 

Agriculture  91.38 94.64 0.87 96.08 87.50 0.74 

Swamps and marshes  50.00 100.0 1.00 84.21 80.00 0.75 

Settlements  100.0 80.00 0.76 33.33 100.0 100 

Grass lands  100.0 100.0 1.00 75.00 100.0 100 

Built-up  100 100.0 1.00 100.0 100.0 100 

Fallow lands  66.67 100.0 1.00 100.0 100.0 100 

Forests  88.89 88.89 0.87 80.00 100.0 100 

KAPPA 0.87 0.83 

Overall Accuracy 92 89 

Note: PA= Producer Accuracy, UA= User Accuracy. 
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Where ever population increase, it creates pressure on other 

categories of LU/LC and started to illegal encroachment in to the 

other categories of land use and land cover and starting to change 

the existing land use and land cover kinds.  

 

References  

Anderson, J. R., Hardy, E. E., Roach, J. T. and Witmer, R.E. (1976): 

A Land use and Land cover Classification System for use with 

Remote Sensor Data. US Geological Survey Professional 

Government Printing Office, Washington, DC, Paper, 964: 11 - 

92 

Briassoulis, H. (2003): Analysis of Land use Change Theoretical 

and Modeling Approaches. The web book of Regional 

Science. Regional Research Institute, West Virginia 

University 

Charner, J. and Stone, P.H. (1975): Drought in Sahara: A Bio-

geographical Mechanism. Science, 187:344-35.  

Geist, H.J. and Lambin, E.F. (2002): Proximate Causes and 

Underlying Driving Forces of Tropical Deforestation. Bio 

Science, 52(2):143-150 

Houghton, R.A., Hackler, J.L. and Lawrence, K.T. (1985): The US 

Carbon Budget Contribution from Land use Change. Science, 

285:574-578.  

Kates, R.W., Tumer, B.L., II and Clark,W .C. 1990: The Earth as 

Transformed by Human Action. Turner, B.L., II, Clark, W.C., 

Kates, R.W., Richards, J.F., Mathews, J.T. and Meyer, W.B. 

(eds). Cambridge University Press, Cambridge, pp. 1-17. 

Lillesand, T.M. and Kiefer, R.W. (1972): Remote Sensing and 

Image Interpretation. New York, (first edition) Wiley and 

Sons, USA. 

Otterman, J. (1974): Baring High-Albedo soils by over Grazing: A 

Hypothesized Desertification Method. Science, 186:531-533. 

Singh M. (2015): Land Use / Land cover Change Detection Using 

Geospatial Technique: A Case Study of Sahaspur Block in 

Dehradun District (Uttrakhand). Intrnational Journal of 

Science, Engineering and Technology Research, 4(1): 2 

Rayamane, A.S, (2001): Changing land use profile in Belgaum 

District (Karnataka), A Spatio-Temporal Analysis, Deccan 

Geographer 39(2): 88-89. 

Sachs, J.D. (2009) : Biodiversity Conservation and Millennium 

Development Goals. Science, 325:1502 – 1503. 

Sagan, C. (1977): Anthropogenic Albedo Changes and The Earth’s 

Climate, Science 206:1963-1968. 

Singh, A. (1989): Digital Change Detection Techniques using 

Remotely Sensed Data. International Journal of Remote 

Sensing, 10 (6): 989 -1003. 

 Turner, B.L, II and Mayer, W.B.  (1994): “Global Land Use and 

Land Cover Change: An Overview”, in W.B Mayer and B.L 

Turner (eds.), Change in Land Use and Land Cover: A Global 

Perspective, Cambridge, U K, Cambridge University Press, 

pp.3-10. 

Verma N. and Jaiswal J.K. (2013): Land Use Change Detection in 

Baragaon Block, Varanasi District Using Remote Sensing, 

International Journal of Engineering Science Invention, 2 (7): 

49-53.  

Vink, A. P. (1975): Land use in Advancing Agriculture. New York 

Spring Verlage Heibdeberg, Berlin. 

 


