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ABSTRACT 
Land Use and Land Cover data refers to the results of classifying raw satellite data into "land use and land cover" 

(LULC) categories, based on the return value of the satellite image. Land use refers to the human activities that are 
directly related to the land use. Land cover describes the vegetation, water bodies, natural surface and man-made features 
over the land. Here, this study is an attempt to analyze the change in Land use land cover (LULC) in Bhojpur district, 
Bihar (India) for the year 2007 and 2017. Temporal satellite image from Landsat-5 Thematic Mapper (TM) and Landsat-8 
Operational Land Imager (OLI) from Earth Explorer (USGS) are used here for this study. Radiometric corrections of 
satellite images have been done by using ENVI (Environment for Visualizing Images) software. Multistage unsupervised 
classification is applied for LULC and categories have been classified in four classes namely Agriculture landuse, Built-
up area, Water bodies/river and Fallow land and others, using ERDAS and ArcGIS software for map composition. The 
LULC for the year 2017 has been classified with an Overall Accuracy of 88.50% and Kappa coefficient 0.66. Comparison 
of LULC for the year 2007 and 2017 has showed valuable results depicting considerable change in LULC. There is 
positive change in Agriculture landuse (1.4%), Built-up area (4.6%) and negative change in Water-bodies (0.58%) and 
fallow land and others (5.42%) categories. There are many reasons for such shifts like population increase, increasing 
pressure on existing resources, changing demand structure and many more. The geospatial technology is highly beneficial 
for LULC identification and tracing the changes in these with time and space.    

 
Keywords: LULC, Multistage-Unsupervised Classification, Accuracy Assessment 
 
Introduction: 

The study of "land use and land cover" (LULC) of any region is important for getting an idea about the population 
resource relationship and existing pressure on the available resources. The temporal and spatial analyses of such changes 
give us a direction of trend and also help us in projecting future scenario of LULC in any geographical region in right 
direction.   

Land use, which refers to the human activities over the land surface, is directly related to the utility aspect of land. On 
the other side, Land cover describes the covering of land surface with vegetation, water bodies and other natural and man-
made features on the land. Generally, the Land use and land cover areas are classified into nine major categories such as 
urban or built-up land, agricultural land, rangeland, forest, water areas, wetland, barren land, tundra and perennial snow or 
ice. Each general class is further subdivided into several detailed categories of level-2 classes.  

Land use and land cover data are mostly in a raster or grid data structure, with each cell having a value that 
corresponds to a certain classification. This structure allows for creating summary tables and performing suitability 
analyses. 

Here, the change in Land use and land cover in Bhojpur district of Bihar state in India is examined for the year of 
2007 and 2017 by using multistage-unsupervised classification.  
Significance of Land Use / Land Cover (LULC) Maps: 

Identification of land cover establishes the baseline information for activities like thematic mapping and change 
detection analysis. Land use refers to the purpose the land serves, for example, recreation, wildlife habitat, agriculture and 
many more.  
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When the Land Use / Land Cover (LULC) is used collectively than generally it refers to the categorization or 
classification of human activities and natural elements on the landscape within a specific time frame based on established 
scientific and statistical methods of analysis using appropriate source materials. Land cover is the physical material at the 
surface of the earth. Land use is the description of how people utilize the land for various socio-economic activities. 

The developmental status of a society is largely depends on its social and economic development. This is also reflects 
in land use and land cover characteristics of an area. The LULC maps are thus important and play a significant role in 
planning, management and monitoring programmes at different levels of hierarchy. This type of information, on one 
hand, provides a better understanding of land utilization aspects and on the other hand, it plays an important role in the 
formation of policies and programme required for the developmental planning. For ensuring sustainable 
development, it is necessary to monitor the ongoing process of change on land use/land cover pattern over a period of 
time. In order to achieve sustainable urban development and to check the haphazard development of towns and 
cities, it is necessary that authorities associated with the urban development generate such planning models so that every 
bit of available land resource can be used in most rational and optimal way. This requires the present and past land 
use/land cover information of the area. LULC maps also help us to study the changes that are happening in our 
ecosystem and environment. The information about Land Use/Land Cover of any region is useful to save our 
environment too. 
Investigation Approach: 
It is important to know the pattern of LULC of an area so that it is possible to plan suitable intervention in the area of our 
interest. With this, in future, the welfare of Community of that particular area can be assured based on the principal of 
sustainability. In this study, selected unsupervised classification method of LULC has been adopted for the Bhojpur 
district. 
Study Area: 
Bhojpur district occupies an area of 2,395 square kilometres (925 sq mi). It is located in between 83° 45' to 84° 45' East 
longitudes and 25° 10' to 25° 40' North latitudes and is situated at an average height of 193 meters above mean sea level. 
The district experiences maximum rains (about 300mm) during the months of July and August. The District had some of 
the large ponds and ‘Jhils’ (lakes) which were duck-shooting areas in the past. Now these water bodies have been de-
watered and put under the plough. Here ‘Boro crops’ are grown. The entire strip of land between the river Ganga on the 
north and the main line of Eastern Railway on the south is low laying deposits of silt. 

 

Figure 1: Showing the Study Area in Bhojpur District of Bihar 
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Methodology:  
The whole idea of this paper is to evaluate the change in land use land cover (LULC), groundwater level and crop health 
as well. Methodology represented both the quantitative and qualitative analysis in which combinations of primary and 
secondary data have been used. First LULC change detection is done using Landsat data of the year 2007 and 2017 
through unsupervised classification. 
Data Sets- 
Following Landsat satellite images of Bhojpur district are ordered, downloaded and processed for analysis: 

2007 
LT05_L1TP_141042_20070219_20161116_01_T1 
LT05_L1TP_141043_20070219_20161116_01_T1 
 

2017 
LC08_L1TP_141042_20170214_20170228_01_T1 
LC08_L1TP_141043_20170214_20170228_01_T1 

Software Used-  
These images are processed and GIS software is used to accomplish the current research work along with same statistical 
and MS office softwares. The list is given below: 

ENVI 5.1           : Used for image processing an analysis  
ERDAS Imagine 11     : Used for image Extraction, Analysis, Classification and Mapping   
Arc GIS 10         : Used for Data creation, Analysis and Map Composition  
Microsoft Office 2007  : Used for Report writing and Data analysis  

Methods- 
Multistage Unsupervised Classification: Here multistage method is used adopting hierarchical clustering approach and 
unsupervised classification. In this method unsupervised classification approach is a per-pixel classification technique to 
process the selected initializing option (Principal Axis & Automatic) and Color Scheme Option (Approximate True 
Color). Unsupervised classification technique is applied for the LULC using temporal images of the years 2007 and 2017. 
First, the classification of temporal images has been done by dividing them into 50 classes and than identifying each of 
them on FCC image by onscreen visualization. After that these classes are recorded into four classes and a LULC is 
generated including following classes:  
1. Water bodies  
2. Agriculture landuse  
3. Fallow land and other  
4. Built-Up area  
At the first stage some of the classes are mixed with another class. The mixed classes are used to extract the satellite 
image. The extracted parts are further classified using unsupervised classification and mixed pixels are recorded into their 
original class. This is further overplayed on the classified image with maximum value overlay rule. The process is 
repeated time and again till the mixing of classes is minimized at optimum level.  
Accuracy assessment: 
Accuracy assessment of classified image is the another most important step in remote sensing based analysis, without 
which the output classified image may not be valuable for further research work and planning. Ground truth data is must 
for this process. Accuracy assessment provides complete information on the categorical accuracy. In this study, Accuracy 
Assessment tool of ERDAS imagine software are used to find the accuracy of classified image (2017). Accuracy 
assessment is performed by comparing the LULC map created and ground truth information (200 points) collected as 
reference data obtained from different information sources such as Google earth and handheld GPS (H-72). An 
interpretation is then made as to how closely the map produced by remotely-sensed data matched with the reference data 
(Source Map). In order to summarize the classification accuracy results, the most commonly used measures for accuracy 
assessment such as user accuracy, producer accuracy, overall accuracy and Kappa coefficient are used. 
Results and Discussion: 
Land Use land Cover - 2007 
Landsat Thematic Mappar (TM) image for month of February, 2007 is classified using unsupervised ISODAT algorithm 
and land use land cover is divided into four classes namely, agriculture landuse, water bodies, built-up area and fallow 
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land and other for Bhojpur district (Figure 3). Fallow land and other land category includes non-agricultural land, barren 
land, wastelands and other category of LULC that is not covered under agriculture landuse, built-up area and water 
bodies. Table 1 is showing the area of different land use land cover classes obtained after classification.  
Agriculture area is covering 199027.41 ha (83.86%), water bodies 4553.2ha (1.92%), Built-Up area 5461.18ha (2.30%) 
and Fallow land and other 28298.14 ha (11.92%). Maximum area of the study region is covered by Agriculture landuse, 
followed by Fallow Land and other, Built-Up area and Water bodies (Table 1). Most of the river alluvium portion of 
Bhojpur district showed the dominance of Fallow and other land cover class. Fallow and other class is the second largest 
class in terms of area as shown in Pi-diagram (figure 2). Other patches of urban and rural setup are small in size and well 
distributed. Though the water bodies are covering only 1.92% of the total district area its distribution is centered near the 
built-up area and river belt.  

    Table 1: LULC area (ha) for the year 2007 

 LULC Area (ha) Area (%) 

Agriculture 199027.41 83.86 

Water 4553.27 1.92 

Built-Up 5461.18 2.30 

Fallow-Land and other 28298.14 11.92 
 

 

 

 

 
Figure 3: Land use land cover (LULC) over Bhojpur district, 2007 

Figure 2: LULC Area for the year 2007 
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Land Use land Cover- 2017 
Landsat Operational Land Imager (OLI) image for month of February, 2017 is classified using unsupervised ISODAT 
algorithm and land use land cover is divided into four classes namely agriculture landuse, water bodies, built-up area and 
Fallow land and other for Bhojpur district (Figure 5). Fallow and other land class includes non-agricultural land, barren 
land, wastelands and other category of LULC that is not covered under agriculture landuse, built-up area and water 
bodies. Table 2 is showing the area of different land use land cover classes obtained after classification.  

       Table 2: LULC area (ha) for the year 2017 

 LULC 
Area (ha) Area (%) 

Agriculture 202360.99 85.26 

Water 3188.90 1.34 

Built-Up 16365.71 6.90 

Fallow-Land  15424.39 6.50 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 

 
Figure 5: Land use land cover (LULC) over Bhojpur District, 2017 

Figure 4: LULC Area for the year 2017 
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Water bodies are covering 3188.90 ha (1.34%), Agriculture landuse 202360.99 ha (85.26%), Fallow-Land and other 
15424.39 ha (6.50%) and Built-Up area 16365.71 ha (6.90%). Maximum area of the study region is covered by 
Agriculture landuse, followed by Built-Up area, Fallow-Land and other and Water bodies (Table 2). Most of the eastern 
portion of Bhojpur district showed the dominance of Fallow and other land cover class. Fallow land and other class are the 
third largest class in terms of area as shown in Pi-diagram (figure 4).  
Accuracy Assessment  
After incorporation of ground truth information in the classified image of the year 2017 accuracy is assessed. Total 500 
sample points including ground truth locations and some reference locations from Google earth are used for the 
assessment of accuracy. Class wise distribution of  the points taken is represented in Table 3. Out of total 154 points taken 
for the accuracy assessment of Agriculture landuse class, 153 are showing correctly classified on the map. Total 10 
locations are taken as reference for the case of water bodies. Out of this total, 03 reference points are found correctly 
classified on the map. The accuracy of the built-up area class is assessed based on 19 reference points and out of which 10 
points are found correctly classified. 17 reference points are taken for Fallow land and other class out of which 11 points 
are found correctly classified.  
Table 4 is representing different parameters of accuracy assessment such as Producer accuracy (PA), Users accuracy 
(UA), Over all accuracy and Kappa coefficient. The overall accuracy of classified image of February 2017 is found 
88.50% with Kappa coefficient 0.66. The producer and user accuracies of individual classes are extremely high, ranging 
in Agriculture landuse 99.35% (PA) and 90% (UA), Water bodies 30% (PA) and 100% (UA), Built-Up area 52.63% (PA) 
and 71.43% (UA) and Fallow land and other 64.71% (PA) and 84.62% (UA) respectively. The accuracies of classification 
result are better than expected. Less UA for the built-up area class is due to its mixing with Fallow land having similar 
signature. Points from Google earth and ground truth (GPS Point) information covering different LULC classes made it 
possible to accesses the classification results reliably and to get good accuracy.  
    Table 3: Confusion Matrix for the accuracy assessment of LULC of the year 2017 

Classified Data Agriculture Water Built-Up 
Fallowland 
and other 

 
Row Total 

Agriculture 153 7 7 3 170 

Water 0 3 0 0 3 

Built-Up 1 0 10 3 14 

Fallowland 
and other 0 0 2 11 

 
13 

Column Total  154 10 19 17 200 

 
 

Table 4: Producer Accuracy and User Accuracy of classified image of the year 2017 

Class Name  Reference  Classified  Number Correct P A UA 

Agriculture  154 170 153 99.35% 90.00% 

Water 10 3 3 30.00% 100.00% 

Built-Up 19 14 10 52.63% 71.43% 

Fallowland and other 17 13 11 64.71% 84.62% 

Total 200 200 177  

Overall Classification Accuracy =     88.50% Overall Kappa Statistics = 0.66 
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LULC Change Analysis  
Post classification comparison technique of change detection is used for the change analysis in this research work. Table 5 
and figure 6 is representing changes in LULC between the year 2007 and 2017.  Classified temporal images of the year 
2007 and 2017 are analyzed for changes based on inter-conversion of each class into other classes and a change map was 
obtained (Figure 6). It is observed that Agriculture and Built-up have increased and water bodies and Fallow-Land and 
other classes have decreased. Table 5 is showing that the area covered under water bodies is 4553.27ha (1.92%) in the 
year 2007 which is reduced to 3188.09ha (1.34%) in the year 2017. This shows a total 1364.37ha (0.58%) decrease in 
surface area under water bodies category. Most of the area of water bodies category is converted into Fallow-Land and 
other, Agriculture landuse and built-up area. This change may be due to increase in population and rising demand for food 
and shelter. Within this 10 years period, the Fallow Land area was decreased prominently from 28298.14ha (11.92% ) in 
the year 2007 to 15424.39 ha (6.5%) in 2017. It shows the total decrease of 12873.75 ha (5.42%). Most of the area of 
Fallow Land class is converted into Agriculture landuse and Built-up area. This change may be due to increase in 
population demand for food and shelter and decrease in Flood frequency. Build-Up area is covering 2.3% of total 
geographical area of the Bhojpur district during the year 2007. This class showed drastic change in percentage coverage of 
the total geographical area of the district during 2007 to 2017 with an increase of about 4.6% i.e. from 2.3% to 6.9%.  In 
terms of area, it changes from 5461.18 ha to 16365.71 ha. The increase in area under Build-Up area category may be due 
to conversion of Fallow Land and water bodies in Build Up areas to fulfill needs of increasing urbanization and 
developmental activities. 
    Table 5 Change Matrix showing change between the years 2007 to 2017 

Change Matrix Agriculture Water Built up Fallow land and other 

Agriculture 185394.43 178.67 10532.83 2931.31 

Water 272.89 1713.27 179.82 2385.08 

Built up 2012.06 33.37 3298.78 117.47 

Fallow land and other 14666.41 1260.92 2359.10 10003.59 

 
The increase in area under cultivation may be due to conversion of fallow land and water bodies (ponds) to agriculture 
land. This may be due to meet the demand of increased population for its current food requirements. The study clearly 
indicates that the major portion of Fallow land is converted into agricultural landuse. Hence, the hypothesis of increasing 
coverage of agriculture landuse in the study area for food demands of increased population can easily be justified.  The 
increase in population plays an important role behind this change. The increase in human population is not a sole factor 
responsible for the boom in built-up areas but a rapid shift of joint family patterns towards nuclear family patterns in the 
society is also playing a major role. This is so because a nuclear family needs a separate house to live. Hence, people 
started building more houses in urban areas as compared to rural areas. Also, farmers started building their houses near 
their agricultural land in order to save time and increase production capacity. 
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                            Figure 6: LULC Change during 2007 to 2017 over Bhojpur district 
 
Conclusion: 
It is important to examine land use land cover of any area as well as temporal and special changes in this. Modern 
techniques like satellite imageries and many software for analysis are useful for land use land cover of any region in very 
precise manner. Here, in this study of Bhojpur district of Bihar reveals that in the period of ten years between 2007 to 
2017 there has been a indication of shift in land use land cover in this area. The agricultural landuse is remained a 
dominant category in this area and in this ten years period the proportion under this category also increased from 83.86% 
to 85.26%. Built-up area category is also showing an increase from 2.3% to 6.9% for this period. Increase in these 
categories is on the cost of reduction in the proportion of fallow land and other and water bodies classes. This is mainly 
due to increase in population of this district which has resulted in more demands for food, shelter and development of 
infrastructural facilities. The decrease of area under category of water bodies is depicting an alarming situation and 
indicating environmental degradation here. These results are tested on accuracy assessment and found significant at all 
levels. For making any future planning for this region there must be consideration of these trends. This can give a 
direction to the future planning in realistic manner. 
References:  

Chen, X. L., Zhao, H. M., Li, P. X. and Yin, Z. Y. (2006). Remote sensing image-based analysis of the relationship between urban 
heat island and land use/cover changes. Remote sensing of environment, 104(2), 133-146. 

Herold, M., Couclelis, H. and Clarke, K. C. (2005). The role of spatial metrics in the analysis and modeling of urban land use change. 
Computers, Environment and Urban Systems, 29(4), 369–399. doi:10.1016/j.compenvurbsys.2003.12.001. 

Jensen, J. R. (2009). Remote Sensing of the Environment: An Earth Resource Perspective 2/e. Pearson Education India. 
Lambin, E. F., Geist, H. J. and Lepers, E. (2003). Dynamics of land-use and land-cover change in tropical regions. Annual Review of 

Environment and Resources, 28(1), 205–241. 
Liu, J., Kuang, W., Zhang, Z., Xu, X., Qin, Y., Ning, J. and Wu, S. (2014). Spatiotemporal characteristics, patterns, and causes of 

land-use changes in China since the late 1980s. Journal of Geographical Sciences, 24(2), 195-210. 
Meyer, W. B. and Turner, B. L. (1992). Human population growth and global land-use/cover change. Annual Review of Ecology and 

Systematics, 23, 39–61. 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.01.20.1 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:1(1), January: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd January 2022   

 Publication Date:10th February 2022 
Publisher: Sucharitha Publication, India 

 

 
148 

 

Patangray, A. J., Patil, N. G., Singh, S. K., Mishra, V. N., Reddy, C. V. P. and Ramteke, I. K. (2017). Land use/land cover change 
detection using geospatial techniques in Kupti watershed of Darwha block of Yavatmal district, Maharashtra. Journal of Soil 
and Water Conservation, 16(1), 10-17. 

Prasad, S., Lesslie, A., Pujar, G. S., Kumar, V. V. S., Fyzee, M. A., Rao, P. V. K., Rani, G. P., Shyamsunder, B. and Rao, A. (2015). 
Monitoring of Integrated Watershed Management Programme (IWMP) Watersheds Using Geospatial Technologies, NRSC, 
User Manual, 1-58 

Rawat, J. S. and Kumar, M. (2015). Monitoring land use/cover change using remote sensing and GIS techniques: A case study of 
Hawalbagh block, district Almora, Uttarakhand, India. The Egyptian Journal of Remote Sensing and Space Science, 18(1), 
77-84. 

Rimal, B., Zhang, L., Keshtkar, H., Haack, B. N., Rijal, S. and Zhang,P. (2018). Land Use/Land Cover Dynamics and Modeling of 
Urban Land Expansion by the Integration of Cellular Automata and Markov Chain, ISPRS International Journal of Geo-
Information, 1-21. 

Roy, P. S. and Roy, A. (2012). Land use and land cover change in India: Aremote sensing & GIS prespective. Journal of the Indian 
Institute of Science, 90(4), 489-502. 

Shanwad, U. K., Gowda, H. H., Prabhuraj, D. K., Reddy, K. A. and Lxmikanth, B. P. (2012). Impact assessment of watershed 
programme through remote sensing and geographical information system. Journal of the Indian Society of Remote Sensing, 
40(4), 619-628. 

Singh, D., Gupta, P. K., Pradhan, R., Dubey, A. K. and Singh, R. P. (2016). Discerning shifting irrigation practices from passive 
microwave radiometry over Punjab and Haryana, Journal of Water and Climate Change, DOI: 10.2166/wcc.2016.122. 

Singh, D., Kumar, S., Yadav, D. and Kumar, R. (2013). Assessment and Prediction of Imapact and Effectiveness of watershed 
Management Practices on Land Use Land Cover in SeopniWatershed, Madhya Pradesh using Remote Sensing and GIS, 
International Journal of Geomatics and Geosciences, 397-409. 

Sinha, B., Singh, D. N., Basu, A. and Ghosh, M. (2017). Application of Remote Sensing in Assessing the Impacts of Mahatma Gandhi 
National Rural Employment Guarantee Act (MGNREGA), in Ratlam District, Madhya Pradesh, India, 87-95. 

Verburg, P. H., Soepboer, W., Veldkamp, A., Limpiada, R., Espaldon, V. and Mastura, S. S. (2002). Modeling the spatial dynamics of 
regional land use: the CLUE-S model. Environmental Management, 30(3), 391–405. 

Vogelmann, J. E., Helder, D., Morfitt, R., Choate, M. J., Merchant, J. W and Bulley, H. (2001). Effects of Landsat 5 Thematic Mapper 
and Landsat 7 Enhanced Thematic Mapper Plus radiometric and geometric calibrations and corrections on landscape 
characterization. Remote Sensing of Environment, 78(1), 55–70.  

 


