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Abstract 
Human factors pose a serious threat to the environment due to ill conceive land use practices. The dynamics of 

Land Use / Land Cover (LULC,) and its impact on ecological and hydrological processes have become a major 

concern. Hence, LULC is recognized as one of the major drivers of climate change. Adverse LULC changes are 

seen as a threat to the eco-system both locally as well as globally. An attempt has been made to review the 

changes within the LULC pattern of Bobbili Mandal, Vizianagaram District in Andhra Pradesh. Comparative 

analysis of multi-seasonal and temporal time scales provides reliable data on changes that happened in the land 

use pattern. Multi-temporal satellite data of Indian Remote Sensing Satellite (IRS) P6 LISS-III for the year 

2005-06, IRS R2 LISS-III for the years 2011-12, and 2015-16 have been used for all three seasons (Kharif, 

Rabi, and Zaid) having a resolution of 23.5m. On-screen visual image interpretation techniques have been used 

to map various LULC classes in the GIS environment at 1:50,000 scale. Cross tabulation has been used to 

assess the changes in LULC. The study reveals that the built-up land increased by 383.38 ha (1.84%) and the 

cropland decreased by 365.53 ha (1.76%), while minor changes were observed in water bodies, wasteland, and 

other categories between the year 2005-06 and 2015-16. This study provides useful information and insight that 

can support future planning of the region, and also serves as a resource for understanding the evolution of land 

use planning. 
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I. INTRODUCTION 

Land is a prime resource around the World. The increasing human activities on the land for fulfillment 

of their requirements are causing significant large-scale alterations on the Earth's surface, which affects on 

global environment and ecosystems [1]. Information on Land Use / Land Cover (LULC) is required to analyze 

environmental processes, and the problems that must be understood in order to enhance or sustain living 

conditions and standards at current levels [2]. LULC information is required for the investigation of ecological 

cycles and issues that should be perceived in the context of the environmental guidelines issued from time to 

time. Gautam and Narayanan [3] emphasized that the LULC information is important for various developmental 

activities and is considered an essential component for the understanding of the region. The rapid changes in the 

LULC pattern have resulted in the reduction of different vital resources [4]. The issues involved in LULC and 

its changes over time are becoming increasingly recognized [5].  

LULC change is a dynamic process taking place on the bio-physical surfaces that have taken place over 

a period of time and space is of enormous importance in management of natural resources [6-8]. LULC change 

has become one of the major concerns of planners, decision-makers, and researchers around the world today [9]. 

Among the many drivers of LULC change, rapid urban growth and expansion of towns, rapid population 

growth, globalization, deforestation, rangeland modification, and agricultural intensification are the prime 

causes and factors for global and regional changes in the world today [10-15]. Knowledge about existing LULC 

and its trend to provides a better understanding of land utilization aspects is essential in policy formulation. 

With the advancement of Remote Sensing (RS) and Geographical Information System (GIS) 

techniques, LULC mapping and its changes were given a useful and detailed way to improve the selection of 

areas designed to urban development, Special Economic Zones (SEZs), and industrial sector of any region. 

Prakasam has evaluated changes in land use/ land cover in the Kodaikanal area of the Western Ghats in Tamil 

Nadu from 1969 to 2008[16]. Geospatial technology also provides a cost-effective way of assessing the LULC 

change studies at different scales with better accuracy. Some of the recent studies have demonstrated the 

potential of RS and GIS in LULC mapping and change detection studies [17-20]. The present study aims to 
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produce LULC maps of the years 2005-06, 2011-12, and 2015-16 of Bobbili mandal in Vizianagaram District, 

and to quantify the changes in LULC pattern using geospatial techniques. 

 

II. STUDY AREA 

The LULC is attempted for Bobbili mandal in Vizianagaram district of Andhra Pradesh State which is 

having an area of about 208 sq. km. It lies in the central part of the district between 18
o
 30' - 18

o
 40' N latitudes 

and 83
o
 15' - 83

o
 30' E longitudes (Figure 1). The mandal is broadly divided into two physiographic divisions, 

namely, the hilly region and the plain region. The hilly region covers the west and northwestern parts of the 

mandal and the rest of the area is an open flat plain broken with few hills [21]. The predominant occupation in 

the mandal is agriculture, which is depending on rainfed. The average annual rainfall of the study area is about 

1142 mm, which is almost equal to the districts average. This place is well known for Bobbili Veena (musical 

instrument). The historic battle (Bobbili Yuddham) fought by the Rajahs of Bobbili againest the Rajahs of 

Vizianagaram and French. 

 

 
Figure 1: Location map of the study area 

 

III.MATERIALS AND METHODS 

3.1 Objectives 

The main objective of this study is to analyze the LULC changes in Bobbili mandal using multi-

temporal satellite data sets of 2005-06, 2011-12 and 2015-16 in GIS environment. This is being achieved 

through the following activities: 

i. The interpretation of LULC mapping is attempted for the three selected periods using three seasons satellite 

data-set 

ii. Analyze the dynamics of land use/land cover change 

iii. Quantify the gain / losses of land use/land cover classes within the selected period 

iv. Changes in LULC database is studied in change matrix 

 

3.2 Data 

In the present study, multi-temporal IRS P6 LISS - III for the year 2005-06, IRS R2 LISS-III for the 

years 2011-12 and 2015-16 satellite images were used with a spatial resolution of 23.5m (Table 1). The satellite 

data of three cropping seasons i.e. Kharif, Rabi, and Zaid were used for LULC classification. The Survey of 

India (SOI) topographical map 65N/6 on 1:50,000 scale has been used. The ground truth data is collected from 

selected locations for updation of LULC map. Based on the reference points collected using the Global 

Positioning System (GPS), image rectification and image to image registration is attempted in Erdas imagine. 

Mapping and analysis have been done in ArcGIS software. 

 

Table 1: Details of Satellite data 

Year Satellite Data Path/ Row Date of Acquisition 

2005 - 06 IRS P6 LISS - III 104 - 59 24th Nov 2005, 04th Feb 2006 & 22nd Apr2006 

2011 - 12 IRS R2 LISS - III 104 - 59 05th Nov 2011, 16th Jan 2012 & 15th May 2012 

2015 - 16 IRS R2 LISS - III 104 - 59 08th Nov 2015, 12th Feb 2016 & 24th Apr 2016 
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3.3 Methodology 

To study the land use/ land cover change of the Bobbili mandal, IRS LISS III geometrically corrected 

satellite data of Kharif, Rabi, and Zaid for 2005-06, 2011-12, and 2015-16 were used. The multi-dated imagery 

has been rectified and registered (image to image) using the LCC projection and WGS84 datum in Erdas 

imagine software. The base map has been derived from the Survey of India (SoI) topographic map No.65N/6 on 

1: 50,000 scale. On-screen visual image interpretation techniques have been used for delineating different 

LULC categories using Arc GIS software [22]. Visual interpretation elements, such as shape, size, pattern, tone, 

texture, shadow, and association, are used to distinguish the difference between an object and its surroundings. 

The ground truth data were collected by using GPS enabled camera for different LULC classes and the same are 

incorporated. The classified maps having different categories pertaining to three periods have been compared to 

derive information on changes [23]. The magnitude for each LULC class was calculated by subtracting the area 

coverage from the latest year (Af) and initial year (Ai) as shown in Eq. (1). 

 

Magnitude (Ac) = magnitude of the latest year (Af) - magnitude of the initial year (Ai) ……...Eq. (1) 

 

To obtain percentage change (trend) for each LULC type was calculated by dividing magnitude change by 

the initial year (Ai) and multiplied by 100 as shown in Eq. (2). 

 

Percentage Change = Magnitude of Change (Ac) * 100 / initial Year (Ai) ..............................Eq. (2) 

 

Quantitative data of LULC changes as well as gains and losses in each category during years 2006, 2012, 

and 2016 were compiled subsequently. The classified data were compared using cross-tabulation to determine 

qualitative and quantitative aspects of the changes for the study period. Fieldwork is undertaken to assess the 

changes in the land use pattern of the study area. 

 

IV. RESULTS AND DISCUSSION 

4.1 Land Use / Land Cover during 2006, 2012 and 2016 

Data on the current LULC pattern, its spatial distribution, and changes within the LULC is a 

prerequisite for planning and formulation of policies for creating any developmental plan. This information 

provides a better understanding of land utilization of the region and also plays a vital role in developmental 

activities. The expected results of the study would provide information on (a) spatial distribution of LULC 

categories and (b) identification and estimation of LULC change over the past 10 years. During the years 2006-

2016, a spatio-temporal quantification of variations in the LULC of Bobbili mandal was carried out. The spatial 

distribution of LULC maps derived from different periods is shown in Figure 2A-C. The aerial distribution of 

various LULC categories for the years 2006, 2012, and 2016 and their change scenario in between different time 

frames are presented in Table 2 and Table 3. Considering the interest of the study and dominant LULC, twenty-

four categories have been delineated under Level-III classification, which is grouped into five LULC classes in 

Level-I classification that are Built-Up, Agricultural Land, Forest, Wastelands, and Water Bodies [24]. 

In Figure 2A-C, light yellow to dark yellow patches indicates agriculture area, and gray colour is 

fallow land, which is well distributed in plains and the slopes (nearly level to gentle slopes). Agriculture is the 

prime activity and economic source of the mandal [25]. The agricultural land is the predominant category in the 

study area, which contributes 74.94%, 73.24%, and 73.18% in 2006, 2012, and 2016 respectively. The Kharif 

crop category is the major contributor to the agricultural land and most of the area under rainfed agriculture as 

well as tank command areas. Cropped in 2 seasons and more than 2 seasons were found along the river and 

canal command areas. The fallow land category is shown in a grey colour which is well distributed throughout 

the study area. The extent of fallow lands in 2006, 2012, and 2016 is 1136.90 ha (5.47%), 705.57 ha (3.39%), 

and 1225.67 ha (5.90%) respectively. The plantations are identified in the eastern part and western part of the 

mandal, which is shown in orange colour in Figure 2A-C. The plantation category occupies about 6% of the 

total geographical area, and a leading variety of mango is grown here.  

The built-up land, which belongs to human habituated areas, is indicated in red to dark red colour and 

these habitations are well connected with the transport network. The built-up category increased persistently in 

the study period and occupied an area of 592.22 ha (2.85%), 879.55 ha (4.23%), and 975.60 ha (4.69%) in 2006, 

2012, and 2016 respectively. This increase is due to continuous increase of population, the rural transition to the 

urban center for better living and industrial development in the region. The industrial area is shown in purple 

colour and identified around Mettavalasa Village, which is identified as an industrial growth center. There is a 

sharp increase in the extent of industrial area between 2006 and 2016 from 18.24 ha (0.09%) to 300.55 ha 

(1.45%). The Rural category increased slightly from 332.18 ha (1.60%) to 348.44 ha (1.68%).  
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Figure 2A:  LULC map of the study area in 2005-06 

 

 

 
Figure 2B: LULC map of the study area in 2011-12 
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Figure 2C: LULC map of the study area in 2015-16 

 

The vegetated / open areas are identified in and around the urban fringe of Bobbili town during 2016 

with an extent of 8.34 ha (0.04%), which are mostly housing layouts and open plots. The forest cover is shown 

in light green and dark green and is located in the west and northwestern parts of the mandal, which are hilly 

regions with steep sloping areas. The area covered by such forest is dry deciduous and scrub forest. Forest 

category occupied about 13.39% in 2006 as well as 2012, and decreased to 12.89% in 2016 this is due to felling 

of trees for fodder and fuel. The wastelands, which are underutilized/ unproductive lands occupied 492.44 ha 

(2.37%) 475.86 ha (2.29%), and 474.80 ha (2.28%) in the years 2006, 2012, and 2016 respectively. It was 

noticed that the major contributors in the wastelands are dense scrub and open scrub (about 1.7%). The gullied 

lands are identified in foothill zones of northwestern parts of the mandal. The Barren Rocky/ Stony waste 

category is decreased from 5.01 ha to 3.53 ha between 2006 and 2016. 

 

Table 2: Category wise LULC distribution of Bobbili mandal during the study period 

Code LULC Categories 

Year 2005-06 Year 2011-12 Year 2015-16 

Area in 
Hectare 

% of 
Land 

Area in 
Hectare 

% of 
Land 

Area in 
Hectare 

% of 
Land 

I Built-Up 592.22 2.85 879.55 4.23 975.60 4.69 

1 Compact  214.56 1.03 219.95 1.06 224.06 1.08 

2 Sparse  9.62 0.05 62.85 0.30 68.54 0.33 

3 Vegetated / Open Area 0.00 0.00 0.00 0.00 8.34 0.04 

4 Rural 332.18 1.60 348.44 1.68 348.44 1.68 

5 Industrial 18.24 0.09 224.29 1.08 300.55 1.45 

6 Quarry 17.62 0.08 24.03 0.12 25.67 0.12 

II Agricultural Land 15576.35 74.94 15222.07 73.24 15210.82 73.18 

7 Crop Land-Kharif Crop 9229.66 44.41 6003.35 28.88 8112.61 39.03 

8 Crop Land-Cropped in 2 seasons 1454.14 7.00 5850.76 28.15 3336.62 16.05 

9 Cropped in more than 2 Seasons 2533.07 12.19 1326.26 6.38 1243.94 5.98 

10 Fallow 1136.90 5.47 705.57 3.39 1225.67 5.90 

11 Plantation 1222.57 5.88 1336.14 6.43 1291.99 6.22 
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III Forest 2782.62 13.39 2782.62 13.39 2679.90 12.89 

12 
Deciduous (Dry/Moist/Thorn)-

Open 
1848.32 8.89 1805.34 8.69 1749.81 8.42 

13 Scrub Forest 934.30 4.50 977.27 4.70 930.09 4.47 

IV Wastelands 492.44 2.37 475.86 2.29 474.80 2.28 

14 Gullied/Ravinous land-Gullied 44.07 0.21 44.07 0.21 44.07 0.21 

15 Gullied/Ravinous land-Ravinous 74.18 0.36 74.18 0.36 74.18 0.36 

16 Scrub land-Dense  229.64 1.10 224.71 1.08 224.71 1.08 

17 Scrub land-Open  139.54 0.67 129.37 0.62 128.31 0.62 

18 Barren Rocky/Stony waste 5.01 0.02 3.53 0.02 3.53 0.02 

V Water Bodies 1349.54 6.49 1433.07 6.89 1452.05 6.99 

19 River/Stream-Non Perennial 82.59 0.40 82.59 0.40 83.04 0.40 

20 River/Stream-Perennial 95.02 0.46 95.02 0.46 94.57 0.45 

21 Canal/Drain 13.83 0.07 98.94 0.48 117.94 0.57 

22 Lakes / Ponds Seasonal 6.54 0.03 6.54 0.03 6.54 0.03 

23 Reservoir/ Tanks-Permanent 56.01 0.27 56.01 0.27 57.46 0.28 

24 Reservoir/ Tanks-Seasonal 1095.56 5.27 1093.98 5.26 1092.51 5.26 

  Total 20785.10 100 20785.10 100 20785.10 100 

 

Table 3: Category wise LULC change assessment of Bobbili mandal during the study period 

Code LULC Categories 

Area Change (+/-)              

2006 to 2012 

Area Change (+/-)              

2012 to 2016 

Area Change (+/-)              

2006 to 2016 

Magnitude 

Area in 

Hectare 

% 

change 

Magnitude 

Area in 

Hectare 

% change 

Magnitude 

Area in 

Hectare 

% change 

I Built Up 287.33 48.52 96.04 10.92 383.38 64.74 

1 Compact 5.39 2.51 4.11 1.87 9.50 4.43 

2 Sparse 53.23 553.36 5.69 9.05 58.92 612.48 

3 Vegetated / Open Area 0.00 0.00 8.34 834.00 8.34 834.00 

4 Rural 16.26 4.89 0.00 0.00 16.26 4.89 

5 Industrial 206.05 1129.70 76.26 34.00 282.31 1547.83 

6 Quarry 6.41 36.36 1.64 6.82 8.05 45.66 

II Agricultural Land -354.28 -2.27 -11.25 -0.07 -365.53 -2.35 

7 Crop Land-Kharif Crop -3226.31 -34.96 2109.26 35.13 -1117.05 -12.10 

8 
Crop Land-Cropped in 2 

seasons 
4396.61 302.35 -2514.14 -42.97 1882.48 129.46 

9 
Cropped in more than 2 

Seasons 
-1206.81 -47.64 -82.32 -6.21 -1289.13 -50.89 

10 Fallow -431.34 -37.94 520.10 73.71 88.77 7.81 

11 Plantation 113.57 9.29 -44.15 -3.30 69.41 5.68 

III Forest 0.00 0.00 -102.72 -3.69 -102.72 -3.69 

12 
Deciduous (Dry/Moist/Thorn)-

Open 
-42.98 -2.33 -55.54 -3.08 -98.52 -5.33 

13 Scrub Forest 42.98 4.60 -47.18 -4.83 -4.20 -0.45 

IV Wastelands -16.58 -3.37 -1.06 -0.22 -17.64 -3.58 

14 Gullied/Ravinous land-Gullied 0.00 0.00 0.00 0.00 0.00 0.00 

15 
Gullied/Ravinous land-

Ravinous 
0.00 0.00 0.00 0.00 0.00 0.00 

16 Scrub land-Dense -4.93 -2.15 0.00 0.00 -4.93 -2.15 

17 Scrub land-Open -10.17 -7.29 -1.06 -0.82 -11.23 -8.05 

18 Barren Rocky/Stony waste -1.48 -29.47 0.00 0.00 -1.48 -29.47 
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V Water Bodies 83.53 6.19 18.98 1.32 102.51 7.60 

19 River/Stream-Non Perennial 0.00 0.00 0.45 0.55 0.45 0.55 

20 River/Stream-Perennial 0.00 0.00 -0.45 -0.47 -0.45 -0.47 

21 Canal/Drain 85.11 615.57 19.00 19.21 104.11 753.02 

22 Lakes / Ponds Seasonal 0.00 0.00 0.00 0.00 0.00 0.00 

23 Reservoir/Tanks-Permanent 0.00 0.00 1.45 2.59 1.45 2.59 

24 Reservoir/Tanks-Seasonal -1.58 -0.14 -1.47 -0.13 -3.05 -0.28 

Source: Compilation based on Table-2 database. *(1 ha = 0.01 sq. km) Note: All positive values denote increase 

and negative (-) sign indicate a decrease of magnitude of LULC categories. Zero denotes non available of that 

category in the corresponding time frame. 

 

4.2 Relative Change in LULC during study period 

Relative change in LULC of Bobbili mandal was assessed based on data presented in Table 3. The 

relative changes showed some irregular patterns in the study area from 2006 to 2016. From the statistics derived 

in Table 3, it is observed that the built-up category, compact, sparse, vegetated / open area and industrial 

categories were showing increasing tendency by 9.50 ha, 58.92 ha, 8.34 ha, and 282.31 ha of land respectively. 

In agriculture land, about 3226.31 ha (-35%) of kharif crop area had decreased during 2006-12 period indicating 

a negative change. While during 2012-16 data showed a positive increase of 2109.26 ha (35.13%) in the same 

land use category (Table 3), but overall percentage change in the kharif crop from 2006-16 showed a negative 

trend (-12.0%). No change was found in the forest during 2006-12 and witnessed a decrease of 102.72 ha (-3.69) 

during 2012-16. Wastelands, agricultural land, and forest categories showed a negative change in all the study 

period. But the water bodies category was still in its positive trend, which shared 102.51 ha (7.60%) in 2006-16 

and observed that most of them are in seasonal tanks. 

It is observed that the built-up and agricultural category of LULC have experienced the most change. 

The diagonal values presented in Table 4 indicate that most of the areas have not changed in 2006-16. The 

results show that 3.63 sq. km of agriculture area is converted into built-up category, of which 2.70 sq. km is 

attributed to the industrial category during 2006-2012. The expansion of towns, industries, and non-agricultural 

activities are all contributing to this. The proliferation of built-up land has lead to loss of agricultural land. 

About 1.2 sq. km of agriculture area is converted into canal category, and 16.52 sq. km of Kharif crop is 

converted into the double-crop area. It is found that most of the scrub forest fringes are converted to agricultural 

 

Table 4: Change matrix of LULC in 2005-06 to 2015-16 (Area in sq. km) 

 
Note: Built-up: 1.Compact (Continuous), 2.Sparse (Discontinuous), 3.Vegetated / Open Area, 4.Rural, 5.Industrial, 6.Quarry, Agricultural 

Land: 7.Kharif Crop, 8.Cropped in 2 seasons, 9.Cropped in more than 2Seasons,10.Fallow Land, 11.Plantation, Forest: 12.Deciduous 

(Dry/Moist/Thorn)-Open, 13.Scrub Forest, Wastelands: 14.Gullied/Ravinous land-Gullied, 15.Gullied/Ravinous land-Ravinous, 16.Scrub 
land-Dense, 17.Scrub land-Open, 18.Barren Rocky/Stony waste, Water Bodies: 19.River/Stream-Non Perennial, 20.River/Stream-

Perennial, 21.Canal/Drain, 22.Lakes / Ponds Seasonal, 23.Reservoir/Tanks-Permanent, and 24.Reservoir/Tanks-Seasonal 
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land with an extent of 1.02 sq. km this is due to the implementation of the RoFR (Recognition of Forest Rights) 

scheme in the State for the scheduled tribes and other traditional forest dwellers. The area of 1.03 sq. km under 

plantations in 2006 has been converted to Canal category in 2016, which is due to construction of new canal for 

providing irrigation facilities. At the same time, an area of 0.72 sq. km 0.69 sq. km and 0.38 sq. km of Kharif 

Crop, Cropped in 2 seasons and Fallow Land has been converted to plantations respectively.  

 

V. CONCLUSIONS 

The present study has revealed that there are changes in different LULC categories over the years 

(2006- 2016). The areas of agricultural land, forest, and wastelands have decreased during the above period. 

Further, there is a considerably increase in the built-up category, exhibiting the characteristics of 

industrialization and expansion in urban fringe areas. There is a clear indication of fluctuating trend in the 

dominant agricultural land categories. The present study demonstrated the efficiency of geospatial technology in 

studying LULC and its changes. These results provide a better understanding of the spatial distribution of land 

use patterns and their changes, which will be helpful for policymakers to implement various resource 

conservation measures. It also allows researchers to see trend in LULC changes as a result of various driving 

variables. Furthermore, the study's findings will serve as the basis for future planning and decision-making for 

the region's long-term growth. The Government should comprehensively utilize the current status of land use 

patterns and take effective measures to improve the ecological sustainability in the region. The urban layouts 

around Bobbili municipality should be optimized. The water bodies and forest areas need to be fully protected 

and developed taking into account the balanced development. 
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