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3.1 Introduction 

Land is the most important natural resource which embodies soil, water and associated 

flora and fauna involving total ecosystem. The knowledge of land use and land cover is 

important for many planning and management activities as it is considered as an essential 

element for modelling and understanding the earth feature system. The term land use 

relates to the human activity or economic function associated with a specific piece of 

land, while the term land cover relates to the type of feature present on the surface of the 

earth (Lillesand and Kiefer, 2000). Land use or land cover inventories are assessed in 

increasing importance in various sectors like agricultural planning, settlement and 

cadastral surveys, environmental studies and operational planning based on agro-climatic 

zones. Information on land use or land cover allows a better understanding of the land 

utilization aspects like cropping patterns, fallow lands, forests, pasture lands, wastelands 

and surface water-bodies which are vital for development planning. Land cover maps are 

presently being developed from local to national to global scales. 

Land use is constrained by environmental factors such as soil characteristics, climate, 

topography and vegetation. It also reflects the importance of land as a key and finite 

resource for most human activities including agriculture, industry, forestry, energy 

production, settlement, recreation, and water catchment and storage. Land is a 

fundamental factor of production, and through much of the course of human history, it 

has been tightly coupled with economic growth. Often improper land use causes various 

forms of environmental degradation. For sustainable utilization of the land ecosystems, it 

is essential to know the natural characteristics, extent and location, its quality, 

productivity, suitability and limitations of various land uses. Land use is a product of 

interactions between a society's cultural background, state, and its physical needs on the 

one hand, and the natural potential of land on the other. In order to improve the 

economic condition of the area without further deteriorating the bio environment, every 

bit of the available land has to be used in the most rational way. 

The importance of Land use and Land cover (LULC) dynamics in general and forest 

cover dynamics in particular is duly recognized by the International Geosphere 

Biosphere Programme (IGBP), the International Human Dimension Programme (IHDP) 

on Global Environmental Change (GEC), the United Nations Framework Convention on 
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Climate Change (UNFCC), the United Nations Collaborative Programme on Reducing 

Emissions from Deforestation and Forest Degradation in Developing Countries (UN-

REDD Programme) and many other national and international organizations. In order to 

understand the dynamics of LULC, it is essential to identify the causes of land 

degradation across landscapes which are often the product of diverse natural processes 

and human interventions within a landscape mosaic (Lee et al., 1999; Apan et al., 2000; 

Nagendra et al., 2004). 

Satellite remote sensing technology has found its acceptance worldwide for rapid 

resource assessment and monitoring, particularly in the developing world. Satellite 

images have been utilized for land use and land cover mapping. National Aeronautical 

and Space Administration (NASA) of USA has made most significant contributions with 

satellite based remote sensing techniques. Since 1972, after the Landsat-1 was launched, 

remote sensing technology and its application has undergone a tremendous change in 

terms of sensing development, aerial flights with improved sensors, satellite design 

development and operations including data reception, processing, interpretation, and 

utilization of satellite images. All these advancements have widened the applicability of 

remotely sensed data in various areas like forest cover, vegetation type mapping, and 

their changes on a regional scale. If satellite data is judiciously used along with the 

sufficient ground data, it is possible to carry out detailed forest inventories, monitoring of 

land use, and vegetation cover at various scales. To date, the most successful attempt in 

developing a general purpose classification scheme compatible with remote sensing data 

has been by Anderson et al. 1976, which is also referred to as USGS classification 

scheme. Other classification schemes available for use with remotely sensed data are 

basically modification of the above classification scheme. 

3.2 Review of Literature 

A general overview of vegetation of India obtained through the forest type map prepared 

initially by Champion, (1936) and subsequently revised by Champion and Seth, (1968) 

based on bioclimatic attributes. But mapping of vegetation and land use/land cover is not 

an easy task through conventional techniques. In recent times, advancement of remote 

sensing and GIS technology has helped many workers to generate spatial database on 
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3.3 Materials and Methods 

 

3.3.1 Data used 

Satellite data  

The following satellite data has been used in the study: 

Table 3. Details of satellite data used. 

 

 

 

IRS-P6  

IRS-P6 also known as Resourcesat-1 was launched by the indigenously built polar 

satellite launch vehicle on October 17, 2003. The orbit parameters of IRS-P6 are 

same as IRS-1C. The playload system of IRS-P6 consists of three solid state cameras: 

a high resolution multispectral sensor LISS-IV, a medium resolution multispectral 

sensor LISS-III, an Advanced Wide Field Sensor (AWiFS). 

Topographic sheets 

Survey of India (SOI) topographic sheets of 1973were used for the study. The sheet 

number are 83H/1 and 83H/2 at 1:50, 000 scale. 

3.3.2 Software and Instrument used 

The following softwares and instruments were used for satellite data processing and GIS 

analysis. 

 ERDAS Imagine 9.1 for image analysis and mapping. 

 ArcGIS 9 for database creation, analysis and map composition. 

 Hand held GPS (Garmin) for ground verification. 

 Digital camera  

Satellite Sensor Date of 

Generation 

 

Path-

Row 

Wavelength 

 

band 

Scale Spatial 

Resolut

ion 

Swath Area covered 

IRS-P6 LISS IV 22.Jan.2009 101-064 0.52-0.59 (Green) 

0.62-0.68 (Red) 

0.77-0.86 (NIR) 

1:50.

000 

5.8m 23.5 km Western part of 

Manipur 

(Jiribam Sub-

Division) 
IRS-P6 LISS IV 22.Jan.2009 101-013 1:50.

000 

5.8m 23.5 km 
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3.3.3 Preliminary study 

Jiribam sub-division area was studied from Google Earth and Bhuvan. Some ancillary 

data such as Topographic sheets, Manipur Forest map (FSI 2011), District map, Sub-

divisional map etc. were collected and studied.  

3.3.4 Pre-processing 

Paradigm for the preparation of final map was shown in figure 7. The satellite data 

acquired from National Remote Sensing Centre (NRSC) was initially downloaded from 

CD-ROM. It was corrected for radiometric and geometric errors. Indian Remote Sensing 

Satellite (IRS-P6), LISS-IV (5.8 m resolution) data of January 2009, geo-registered to 

UTM Zone 46 N projection and WGS 84 datum were used. UTM projection was chosen 

due to its easy application and widespread usage throughout the world. More 

importantly, UTM projections are best suited for small areas that lie within a single zone. 

The Survey Of India (SOI) Toposheet (Topobase) 83H/1 & 83H/2 of a scale of 1:50.000 

was digitally scanned and georeferenced using Ground Control Points (GCPs). The 

satellite data was then geometrically rectified following image-to-map registration with 

the aid of the georeferenced toposheets. This was done by superimposing geometrically 

corrected satellite data over the Topobase in the digital domain. This process ensured the 

creation of correctly georeferenced database. The co-registration of spatial features and 

GCPs with that of Topobase has been verified using the Swipe tool available with the 

ERDAS Imagine Viewer.  

Mosaic Preparation 

The geometrically corrected scenes are joined to form a mosaic using the Mosaic tool 

available under the Data Preparation Module of ERDAS Imagine. 

Delineation and creation of FCC (False Color Composite) of the study site 

The study area has been delineated from the mosaic scene using the updated Jiribam 

Sub-Division boundary as the mask. FCC of the study area was also generated using 

band 2, 3 & 4. Further classification was carried out on this extracted scene to reduce 

space and time consumption. 
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 Fig. 5. Study Area view from Satellite image (FCC LISS IV). 
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 Fig. 6. Study Area view from SOI Toposheets. 



Mapping and Quantitative Assessment of Vegetation of Jiribam Sub-Division, Imphal East 

District, Manipur, India using Remote Sensing and GIS 

 

 

 36 

 

 

 

 

 

 

 

 

  Fig. 7. Paradigm for the preparation of Final Map. 

3.3.5 Classification 

Visual image interpretation technique of classification was applied in the study. It is a 

process of identifying what we see on the images and communicates the information 

obtained from these images to others for evaluating their significance. The visual 

interpretation methodology developed by the National Remote Sensing Agency (1989) 

was used in the present study. This comprise of the following six major steps:- 

- Selection and acquisition of data 

- Prefield interpretation 

- Ground data collection and verification 

- Postfield interpretation and modification 

- Computation of area 

- Final cartographic map preparation and reproduction. 

Reconnaissance of the area under study is a prerequisite for any kind of attempt in 

mapping natural resources of the earth. The preliminary survey of the area assists in 

acquainting the worker with the various kinds of classes of LULC types present in the 

field and subsequently help in adopting a suitable classification scheme and 

interpretation key for the final map generation. Hence a general reconnaissance of the 

study area was carried out and different classes of LULC that could be demarcated on the 
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LISS IV satellite imagery were identified on the ground. A classification scheme was 

developed for the study area following Anderson et al. (1967). A final interpretation key 

for the various classes was prepared using spectral characteristics of classes and field 

knowledge. The interpretation key for LULC classification is given in Table 4.  

Image Interpretation techniques for construction of final interpretation key 

The richness of the red in false colour composite image indicates the density of the 

vegetation. Dense forests appeared with dark red tone with rough texture and open 

forests represented lighter red tone with smooth texture. Patches of light red mottled 

tones represented scrub vegetation. The Pinkish red or light green patches within the 

forest indicated degraded forest land. Agricultural land belonged to two categories 

namely fields with crop (cropped land) and harvested agricultural fields (cleared or 

fallow land). Each had a separate spectral signature. The cropped land was easily 

delineated based on light or bright pinkish tone, while the cleared or fallow land showed 

light cyan tones. The agricultural fields could also be identified on the satellite imageries 

due to its association with habitation and proximity to water courses. The agricultural 

fields also showed smooth texture. Human settlements were sparsely distributed and only 

a few polygons of crowded settlements were identified on the map based on cyan tone 

and rough texture. Plantations were blackish red to dark red in color with rectangular or 

regular shape. Water bodies were appeared in dark blue or light blue tone with smooth 

texture.  

Table 4. Image interpretation key for LULC classification on FCC of IRS-P6 LISS IV 

data. 

 
LULC Class Tone Texture Shape Spectral 

Signature 

Description 

Dense Forest Dark red 

to light red 

Rough Irregular 

 

Tree cover (forest 

canopy density >40%) 

Open Forest Light Red Smooth Irregular 

 

Tree cover (forest 

canopy density 10-

40%) 
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Scrub Light red or 

pinkish red 

Coarse Varying 

 

Bushy vegetation with 

shrubs or scattered 

trees (forest canopy 

density <10%) 

Degraded 

Forest 

Pinkish red to 

light green 

Medium 

Smooth 

Irregular 

 

Scattered 

trees/shrubs with 

exposed ground 

surface; 

canopy density <10%. 

Agriculture Pinkish 

or light 

green or 

light blue or 

light cyan 

Medium 

Smooth 

Regular 

 

Crops/ current fallow 

Lands, surrounded by 

small to medium size 

settlements. 

Settlement Cyan Rough Irregular/ 

regular 

 

Urban as well rural 

(Maximum rural) 

Wasteland 

 

Pinkish red or 

light cyan or 

whitish 

Smooth Irregular/ 

regular 

 

Exposed soil, 

grassfield, playground 

etc. 

Water Bodies Dark blue or 

light blue 

Smooth Irregular/ 

Linear 

 

River, stream and 

pond 

Rubber 

Plantation 

Blackish red 

to dark red 

Medium 

Smooth/ 

Medium 

Coarse 

Irregular/ 

Regular/ 

Rectangular 

 

Rubber plants (Mature 

as well as Young) 

 

On screen digitization was done in ArcMap 9.2 software. A polygon map was generated 

where each polygon represented a distinct class. The classes were then assigned their 

respective attributes. Ground truth verification was done by using a handheld GPS during 

field visit. GPS readings which included river bank, road crossing, rubber, teak and litchi 

growing sites, tea garden etc and other important and identifiable landuse/landcover 
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types were recorded and brought into GIS platform. It was found that points were very 

accurate in the satellite image. Finally, the area statistics of different categories of LULC 

and colour coded classified map of Jiribam Sub-Division was generated. 

3.4 Results 

The visual interpretation of the satellite data with the ground truth was used to map 

different categories of land use/ land cover (LULC). Fig. 8 shows the LULC map of 

Jiribam Sub-Division. Area statistics of different categories of land use/ land cover is 

also given in table 5. Eleven categories of LULC were classified which include three 

forest classes (open forest, dense forest and degraded forest), four plantation types (teak, 

rubber, cashew and tea) and four other land use (agriculture, settlement, water bodies and 

wasteland). Brief descriptions of different categories of land use/ land cover are as 

follows:  

Forest 

Forests constitute the major proportion (62%) of Jiribam Sub-Division. The forest type 

of this region belongs to 2B/C2 Cachar Tropical Semi-evergreen Forest (Champion and 

Seth, 1968). In the present study, the forest was divided into 3 classes namely degraded, 

dense and open forest.  

The dense forests are characterised by their multi-storeyed nature and exhibits diverse 

species composition. Many important tree species were found. Some of them were 

Terminalia citrina, Messua ferrea, Neolamarckia cadamba, Artocarpus chama, 

Tetrameles nudiflora, Michelia sp., Kayea sp., Duabanga sonneratioides etc. Numerous 

climbers and lianas too were noticed. Species of Bauhinia, Acacia, Derris and Entada 

were very common. Patches of several species of Cane and gregarious growth of 

Caryota urens, Licuala peltata etc. were also very common. Among the shrubby species 

Clerodendrum viscosum, Saurauia roxburghii, Croton caudatus, Melastoma 

malabathricum, Cyathea spinulosa   and various species of wild Musa were very 

common. The epiphytic flora was found to be very rich and diverse. Number of beautiful 

orchids mainly species of Cymbidium and Dendrobium, besides fern and fern-allies were 

very common. It was observed that the northern and southern portion of the study area 

had this type of forest. 


