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SPATIO-TEMPORAL DYNAMIC OF PERI-URBAN 
AREA – A CASE OF JAGATPUR, CUTTACK OF 
ODISHA 
 

Abstract 
 

Land use means to describe the 
human activities on the land surface. It 
signifies the commercial and ethnic activities 
(e.g., Cultivated, Built-up, Developed, 
Mining, and Amusing uses) which practiced 
at a certain place. Land cover means physical 
characteristics (Biotic and Abiotic 
organisms) like - Water bodies, Vegetation, 
Soil, and other physical features on the 
surface of the Earth. Many Factors are 
responsible for the LU/LC changes are Size 
of human and livestock, Increase of 
population, Modern technology used, Non-
agricultural activities- construction building 
for human settlements, Industrialization and 
Rapid urbanization. Jagatpurisa locality 
situated in the north-eastern part of the city of 
Cuttack of Odisha, India. The Geospatial 
technology has used for the analysis of the 
study and the important objective of the 
study is to find out the dynamic of LU/LC in 
the peri-urban area as a case study. The 
Result of the study is applicable every peri-
urban area of the country. Unsupervised, 
NDVI and NDBI methodologies are used for 
the analysis. The analysis showing that the 
vegetation area of the study area decreases by 
NDVI analysis and the Built up area 
increases by NDBI Analysis. The LU/LC 
dynamic data showing the agricultural land 
decreasing and built up land increasing 
gradually during the year 2002 and 2022. 
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I.  INTRODUCTION 
 
 Land is the solid part of the External of the World. Land is the basis for topography, 
vegetation, Natural resources and agricultural purposes and humans are using the land for 
settlement purposes. According to UN land means “A area of the earth’s global surface, 
surrounding all qualities of the environment directly exceeding or below this surface 
containing those of the near-surface weather, the soil and terrain systems, the surface 
hydrology (shallow lakes, rivers, marshes and swamps), the near-surface sedimentary 
deposits and related groundwater reserve, the plant and animal populations, the social 
settlement pattern and physical outcomes of earlier and current human activities”. Land use 
means to describe the human activities on the land surface. It signifies the commercial and 
ethnic activities (e.g., Cultivated, Built-up, Developed, Mining, and Amusing uses) which 
practiced at a certain place.(US EPA). 
 
 "Land Cover" is the perceived biophysical protection on the earth's surface (FAO, 
1995, 2000). So, Land cover means physical characteristics (Biotic and Abiotic organisms) 
like - Water bodies, Vegetation, Soil, and other physical features on the surface of the Earth. 
According to NRSA in the year 1989, Land Cover as an gathering of biotic and abiotic 
components on earth’s surface which was one of the most vital properties of the earth 
classification. Meyer and Turner (1994) stated that "Land Cover is the  physical, chemical or 
biological classification of the terrestrial surface, e.g., grassland, forest or solid and land use 
defines to the human determinations that are related with that cover, e.g., raising cattle, 
recreation or urban living”.Land Cover is thus the composition and appearances of land 
surface essentials and delivers important ecological evidence and other phenomena. This 
evidence is very vital for many scientific, resource executive and policy drives and for 
arrange of human actions. Land Use and Land Cover is a change able process. On the world's 
surface the population is growing rapidly. Because of growing population pressure the land 
use and land cover design also changed. Due to industrialization and urbanization the whole 
land use and land cover pattern is changing excessively. Humans are the most responsible for 
land cover changes of the surface of the Earth. 
 

Factors are liable for the land Cover changes are- 
 

● Size of human and livestock 
● Increase of population 
● Modern technology used 
● Non-agricultural activities- construction building forhuman settlements 
● Industrialization 
● Rapid urbanization. 

 
 An indication of such growing built-up areas, declining natural vegetation or dense 
vegetation decreasing natural vegetation or dense vegetation in Jagatpur tehsil,Cuttack. And 
how it is a converted suburban area also mentioned. In the Present study, an effort has been 
prepared to analyze LULC design by Geospatial information technology. Built-up area of 
the study area increases day by day; for that it is affected cultivated land, natural vegetation 
and water bodies (like - ponds) of the study area. With attempted different satellite dataset 
(like- LANDSAT8,LISS3,LANDSAT7,LANDSAT5)for detecting the LULCpattern changes 
of the study area. 
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II.  STUDY AREA 
 
 Jagatpur is a locality situated in the north-eastern part of the city of Cuttack in the 
state of Odisha, India. The geographical coordinates of Jagatpur, Cuttack are 
approximately20.46° N latitude and86.04°Elongitude. The river Mahanadi flows through 
Jagatpur Tehsil. It is situated towards the north-eastern part of the district and is surrounded 
by the tehsils of Cuttack Sadar, Salipur, and Mahanga. It covers an area of about 92 square 
kilometer and comprises several villages and towns, including Jagatpur, Balarampur, 
Padmapur, Bilaipur, and Nuapatna.Itislocatedabout10kilometresaway from the centre of 
Cuttack city and is known for its industrial area, including many small and medium-scale 
industries. 
 
 The Mahanadi is one of the largest rivers in the state and is a major source of 
irrigation and hydroelectric power generation. In Jagatpur Tehsil, the Mahanadi River forms 
the western boundary of the tehsil and provides water for irrigation to the agricultural lands 
on its banks.

 
 

Figure 1: Location Map 
 

III.  DATABASE AND METHODOLOGY 
 

 The data base of the LULC of the research area mainly dependent on the different 
satellite imageries of 2002, 2012 and 2022.This Land use and Land cover was done through 
an assimilate or in corporate coverage of LANDSAT and RESOURCESAT satellite images 
(ETM+, LISS-3,OLITIRS) from the site of USGS Earth Resource observation system data 
centre and BHUVAN websites. Satellite images were geometrically rectified by survey of 
India top sheet (Singh, R.K; Et.al, 2018).The satellite images have different path and row. 

 
NDVI: - The Normalized Difference Vegetation Index (NDVI) is the used for 

vegetation index. NDVI = (NIR – Red) / (NIR + Red) Land sat 7 data, NDVI = (Band 4 – 
Band 3) / (Band 4 + Band 3) For Land sat 8 data, NDVI = (Band 5 – Band4) / (Band 5 + 
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Band 4), LISS 3 data, NDVI = (Band 3– Band 2) / (Band 3 + Band 2). 
 
 The NDVI value differs from -1 to 1. Greater the value of NDVI reveals great Near 

Infrared (NIR), means dense greenery. The result always be NDVI = -1 to 0 signify Water 
bodies NDVI = -0.1 to 0.1 signify Barren rocks, sand, snow. NDVI = 0.2 to 0.5signify 
Shrubs and grasslands or senescing crops NDVI = 0.6 to 1.0represent dense vegetation or 
tropical rainforest. The NDVI rate can be calculated using raster calculator (map algebra) in 
ArcGIS (BahadurKshetri, T., 2018). 

 
NDBI: - NDBI = (SWIR – NIR) / (SWIR + NIR) For Land sat 7 data, NDBI = (Band 

5 – Band4) / (Band 5 + Band 4) Land sat 8 data, NDBI = (Band 6 – Band 5) / (Band 6 + 
Band 5), LISS 3 data, NDBI = (Band 5 – Band 4) / (Band 5 + Band 4). The Normalize 
Difference Build-up Index value lies between -1 to +1 (Bahadur K shetri, T., 2018). 

 
Table 1: Details characteristics of satellite imageries used in study area 

 

Source Path/Row 
Local 

acquisition 
date 

Sensor 
Spatial 

Resolution Spacecraft Type 

Usgs 139(P),046(R
) 

2002-04-20 Etm+ 30m Landsat-7 Tiff 

Bhuvan 106(P),O58(
R) 

2012-03-14 Liss-3 23.5m Resourcesat-
1 

Tiff 

Usgs 139(P),046(R
) 

2022-5-21 Oli/Tirs 30m Landsat-8 Tiff 

 
 The Arc GIS software is used for data processing and validation of the data. The 
Geospatial technology has used extensively. The GPS used for the ground trotting of the 
study area. The study area is the growing area of Cuttack city.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2: Flow chart showing the Methodology 
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IV.  DISCUSSION 
 
 In the year 2002 the area has 25% of Urban and 31% of Agricultural land. Vegetation 
and Fallow land are 16% and 21% respectively in the year 2002. But while the population 
attracted this area for employment opportunity due to industrial development, the built up 
area increases in the year 2012 and 2022 as 27% and 39% respectively. The education 
institutions are also increased which is one of the reasons for population growth. Due to 
industrial pollution the agricultural production also decreases which impose the farmers for 
change their occupation and many agricultural lands turn into fallow land.  
 
 Table 1 and Figure 3 shows the fallow land is increasing during the year 2002 and 
2022. Though Cuttack city is bounded with two rivers, one is largest river of Odisha i.e. 
Mahanadi and another is its distributaries Kathajodi, the peri-urban area is Jagatpur, 
Trishulia and Balikuda which are situated outside of river but adjacent to Cuttack and also 
in Municipality area. 
 
 Change detection analyze is shows that there is increased built-up area of Jagatpur, 
Cuttack. The built-up area increasedby14.07%, fallow land areaincreasedby1.20%,the 
vegetationincreasedby5.3%from2002to2022. Whereas agricultural land has decreased by– 
15.83%    and water bodies decreased by 0.72%from 2002 to 2022. 

 
Spatial variation analysis is a procedure of classifying and visualizing the pattern of 

spatial variation in a particular variable or occurrence across a geographical area. It involves 
the use of various analytical approaches and methods to explore and understanding the spatial 
relationship between different variables. 
 

Table 2: Time series LU/LC Area 
 

Classes 
Area in ha. 

(2002) 
Area 
in%  

Area in 
ha. (2012) 

Area 
in% 

Area in ha. 
(2022) 

Area 
in% 

Built-up 440.27 25 462.19 27 684.57 39 

Waterbodies 121.44 7 54.44 3 49.12 3 

Vegetation 270.23 16 373.59 22 352.20 20 

Fallow land 357.18 21 317.04 18 378.03 22 

Agricultural 
land 

546.99 31 529.59 30 272.11 16 
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Figure 3: Spatio-Temporal LU/LC analysis 
 

 
 

Figure 4: Spatio-Temporal LU/LC Area analysis 
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Figure 5: Showing the LU/LC dynamic area 
 

 
 

Figure 6: Showing the Geo-tagging photographs during Ground Truthing. 
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Table 3: NDVI value of the Jagatpurarea(2002 – 2022) 
 

Year Minimum  Maximum  Mean S.D
. 

2002 -0.003 0.289 0.122 0.04 

2012 -0.18 0.4 0.143 0.05 

2022 -0.004 0.43 0.21 0.05 

 
Table 4: NDBI value of the Jagatpur area (2002 – 2022) 

 
Year Minimum  Maximum  Mean S.D. 

2002 -0.16 0.14 0.048 0.044 

2012 -0.27 0.12 -0.006 0.044 

2022 -0.25 0.11 -0.038 0.049 

 
The Table no. 3 and 4 indicates that the vegetation area of the study area decreases by NDVI 
analysis and the Built up area increases by NDBI Analysis. 

 
V. CONCLUSION 
 

As population pressure is increasing the land cover pattern of the study area changing 
continuously. Land use land cover is significant aspect of the earth surface and plays a 
serious part in sustaining human livelihood and biodiversity. Land use land cover describes 
the away in which human use and manage the land. LULC (Land use and Land cover) in 
Remote Sensing denotes to the classification and mapping of the earth’s surface based on the 
types of land use and land cover present in the study area. 

 
The study clearly established and shows that the Geospatial techniques can be a 

influential tool planning and evolution of land use / land cover fluctuations of any assumed 
area (Singh, M.P.B., et.al, 2022). As population pressure is increasing, the Land use Land 
cover pattern also changing in every peri-urban area but the infrastructure development, 
sanitation issues, drainage issues etc. are occurring. 
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