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Chapter 1  
Introduction   

 
1.1 Background information  

Mountains are among the most fragile environments on earth. Ecosystems in many 
mountains, including the Himalaya, which is one of the most unstable and fragile 
mountain areas in the world, are strongly affected by drivers of global change such as 
land use and climate change (Ives and Messerli, 1989; Lambin et al., 2001; Miehe, 2009; 
Macchi and ICIMOD, 2010; Shrestha, 2012; Joshi et al., 2012). Environmental 
degradation such as deforestation and forest degradation of the Himalayan region are the 
major environmental issues of global significance and some of the most intensively 
studied land use change processes (Ives and Messerli, 1989; Singh and Singh, 1991; 
Tiwari, 2008). Despite the fact that the Indian Himalayas are recognized as one of the 
global biodiversity hotspots, forest cover is under pressure from extensive and rapid land 
cover change due to anthropogenic and natural drivers (Meyer and Turner, 1992; Gupta, 
2013; Tiwari and Joshi, 2014). At the same time, the Himalayan region is vulnerable to 
numerous types of hazards, such as landslides, extreme rainfall events, flood, and forest 
fire, which further deteriorate the mountain landscape and forest ecosystem (Lasch et al., 
2002; Jasrotia and Singh, 2006).  
 
From an ecological perspective, mountain forest ecosystems are of particular significance, 
as they not only provide goods and services that are essential to maintain life-support on 
both local and global scale but also play defining role for greenhouse gas regulation, 
nutrient cycling, genetic and species diversity. (Beniston, 2003; Nagendra et al., 2004; 
Sivrikaya et al., 2007). Mountain ecosystems are continuously experiencing extensive 
land-use and land-cover (LULC) changes, due to natural and anthropogenic processes 
(Klein, 2001; Agarwal et al., 2002; Liu et al., 2003). These changes have not only led to 
modifi cations in forest ecosystem, but also to the conversion of land cover, with serious 
environmental implications (Hansen et al., 2001; Lung and Schaab, 2010). Changes in 
forest cover can result in a variety of negative environmental consequences (Malek et al., 
2015). For example, deforestation can affect the vegetation composition and water 
balance and can increase erosion rates (Glade, 2003; Ghimire et al., 2013). This leads to 
increased environmental risks, such as landslide occurrence, and can have strong impacts 
on the human well-being on a larger scale (Tasser et al., 2003; Papathoma-Kohle and 
Glade, 2013). Landslide triggered by natural factors such as rain/snow or earthquake 
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(Keefer, 1984; Dai et al., 2002; Malamud et al., 2004; Dahal et al., 2006), as well as 
human activities such as built-up expansion, agriculture expansion, deforestation, 
unplanned and poor road construction or inadequate road maintenance (Glade, 2003; 
Tropeano and Turconi, 2004; Van Beek and Van Asch, 2004; Gorsevski et al., 2006; 
Wang and Niu, 2009; Raghuvanshi et al., 2014). Dai et al., (2002) and Glade, (2003) 
studied that deforestation and construction of road and buildings in the mountainous 
terrain are the major triggering factors for landslide occurrence. It is also important to 
understand that these landslides have not only caused large-scale human tragedies and 
material damage, (Schuster and Fleming, 1986; Keefer, 2000; Mario and Jibson, 2000; 
Dai et al., 2002; Kanungo et al., 2006; Pan et al., 2008) but also, resulted negative effects 
on forests, protected areas leading to LULC change, especially in landslide-prone areas 
(Greenway, 1987; Glade, 2003; Vanacker et al., 2003; Meusburger and Alewell, 2008; 
Karsli et al., 2009; Van Den et al., 2009; Yi et al., 2010; Bruschi et al., 2013). 
 
In Indian Himalayan region (IHR), forests are one of the most important natural resources 
(Zeng et al., 2008), being recognized for having vital benefits in socio-economic 
development and conservation of biodiversity (Li et al., 2009; Cabral et al., 2010). Also, 
forests have an important role in maintaining the volume of river water in dry seasons, 
replenishing ground-water and supporting agriculture (Singh, 2006; Singh and Sharma, 
2009). Forests are mainly used for fuel wood and fodder (Bazilian et al., 2011), timber 
for construction (Pandit and Kumar 2013), livestock grazing, and medicinal and 
recreational purposes in this region (Rasul, 2010). Overexploitation of these forest 
products have caused severe degradation to natural forest ecosystems and rich 
biodiversity of the region (Ives and Messerli, 1989). The degradation can be represented 
by alteration in forest landscape patterns, including reduction of forest patches 
(Onojeghuo and Blackburn, 2011), fragmentation of forest into small sizes (Coops et al., 
2004; Tang et al., 2008) and the isolation of forest areas (Sharma et al.,2001; Sharma and 
Roy, 2007). 
 
Forest loss and fragmentation are distinct but related phenomena. Forest loss is simply 
the conversion of forestland to some other land use, but forest fragmentation occurs when 
a large region of forest is broken down, or fragmented, into a collection of smaller patches 
of forest habitat (Fahrig, 2003; Collingham and Huntley, 2013). Forest landscape is at 
high risk of forest fragmentation because of changes in LULC due to processes such as 
agricultural intensification, logging, and infrastructure development. These changes have 
led not only to the loss of habitat and biodiversity, but also to the modification of natural 
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landscape and ecosystem functions (Lambin et al., 2003; Foley, 2005; Fischer and 
Lindenmayer, 2007; Lele and Joshi, 2009; Leal et al., 2012; Biswas and Khan, 2013). The 
anthropogenic drivers and their impact on natural resources such are widely documented 
across the Hindu Kush Himalayan (HKH) region (Sundriyal and Sharma, 1996; Chettri 
et al., 2002; Bawa et al., 2007; Khan et al., 2012; Tiwari and Joshi, 2014), although non-
anthropogenic drivers such as natural hazards also contribute to forest fragmentation 
(Huebner and Randolph, 1995). However, very few studies have been conducted to 
understand the correlation between natural hazards and forest fragmentation. Therefore, 
understanding the link between natural hazards and forest fragmentation at different 
scales is also important for implementing conservation strategies for proper land 
management in mountain region such as the Himalayas.   
 

1.2 Research objectives 

The objectives of this study are: 
1. To understand the spatial-temporal trends in land-use and land-cover (LULC) change 

from 1976 to 2014, 

2. To evaluate the forest fragmentation due to the LULC change from 1976 to 2014,  

3. To establish the relationship between forest fragmentation and the occurrence of 

landslides, and, 

4. To identify the potential change of forest fragmentation with implication for landslide 

occurrence. 

 

1.3 Study area 

 

1.3.1 Background issues of the Garhwal Himalaya and the study area 

The Garhwal Himalaya situated in the western part of the Uttarakhand Himalaya is one 
of the hotspots of biodiversity (Chandra et al., 2010). Extensive deforestation and forest 
fragmentation in the Garhwal Himalaya have caused serious environmental degradation 
(Ives and Messerli, 1989; Roy and Tomar, 2000), which is a critical issue in the 
Uttarakhand Himalaya and the basic reason for biodiversity loss (Sharma and Roy, 2007). 
During the three decades from 1967 to 1997, the forest cover in the Garhwal Himalaya 
has altered drastically due to increasing population pressure, increased agricultural 
activities and extraction of natural resources (Wakeel et al., 2005). Natural resource 
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Figure 1.1. Location and extent of the Rudraprayag district, Uttarakhand, India. 





http://sedac.ciesin.columbia.edu/
http://bis.iirs.gov.in/
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Figure 1.2. Population density for the years a) 1990, b) 1995, c) 2000, d) 2005, e) 2010, 
f) 2015. The data are gridded at a resolution of 30 arc-seconds. 
Source: Central for International Earth Science Information Centre (CIESIN), 
International Food Policy Research Institute (IFPRI), the World Bank, and Centro 
International de Agriculture Tropical (CIAT). Global rural-urban mapping project 
(GRUMPv1 & GPWv4): Socioeconomic Data and Applications Center (SEDAC), NASA. 
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Figure 1.3. Vegetation type map of the Rudraprayag district, 2015.  
Source: Roy et al., (2015) (available at http://bis.iirs.gov.in). 

Legend
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Figure 1.4. Forestline of the Rudraprayag district in 2014. The forestline was derived 
using land-cover map 2014, digital elevation model (DEM), slope angle and slope aspect. 
Base map: prepared by the author. 
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Figure 1.5. The distribution of forestline in 2014 shown in red line (Base image: 
Google Earth®).   

 

 
Figure 1.6. The forestline in 2014 in relation to elevation range of the Rudraprayag 
district. 
 

1.4 Justification and significance of the study 

Studying how human-environment interactions change forest cover is essential. The 
dynamics of land-use and land-cover (LULC) change, forest cover change and the forest 
fragmentation process and their drivers in the Himalayan region are well documented as 
described in the previous section (1.3.1). However to our knowledge no study has been 
conducted to understand the correlation between natural hazards and forest fragmentation. 
Therefore, understanding the link between natural hazards and forest fragmentation is 
needed for implementing conservation strategies for proper land management in 
mountain regions such as the Himalayas. So far, very few attempts have been made to 
characterize the processes of LULC change in the study area. This study contributes to 
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the understanding of the spatio-temporal trends in LULC change, pattern of forest 
fragmentation, changes of the forest fragmentation pattern caused by LULC change as 
well as potential change of forest fragmentation in the zone of landslide susceptibility and 
vice versa. Finding the areas where changes have occurred in term of LULC and forest 
fragmentation will help to fill the gap that leads to prioritization in forest management, 
conservation, and biodiversity policies.   
 

1.5 Outline of the thesis 

This thesis contains eight chapters. Chapter 1 describes the background information of 
the research, objectives, study area, justification and significance of the study, and outline 
of the thesis itself. Chapter 2 presents methodologies employed in this study, which 
includes: the remote sensing data used, methods for land-cover mapping, forest 
fragmentation mapping, data preparation and methods for forest fragmentation 
probability and landslides susceptibility as well as the validation of forest fragmentation 
probability and landslides susceptibility. Chapter 3 examines the status of land-cover in 
the study area, and change of LULC from 1976 to 2014, as well as change trajectories, 
gain and loss of LULC from 1976 to 2014. Chapter 4 examines the status of forest and 
non-forest area and forest fragmentation and change of forest and non-forest and forest 
fragmentation from 1976 to 2014 in the study area. Chapter 5 focuses on forest 
fragmentation probability mapping and validation of forest fragmentation probability 
map, as well as analysis of forest fragmentation probability. Chapter 6 focuses on 
landslide susceptibility mapping and validation of landslide susceptibility map, as well as 
analysis of landslide susceptibility. Chapter 7 discusses the discussion on the work 
presented the previous chapters, with LULC change, forest fragmentation, forest 
fragmentation probability, landslide susceptibility and observed potential change of forest 
fragmentation in zone of landslide susceptibility classes. Finally, Chapter 8 presents the 
general conclusions of the study. 
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Chapter 2 
Research methodology 

 
2.1 Data preparation for land-use and land-cover (LULC) change and forest 

fragmentation  

 

2.1.1 Satellite remote sensing  

Satellite remote sensing and geographical information system (GIS) have emerged as a 
powerful tools to create spatial inventory on natural resources and play crucial roles in 
monitoring and analyzing of spatial and dynamic assessment of an area (Mondal et al., 
2015). In this study, three cloud-free satellite images from Landsat 2 (MSS), Landsat 5 
(TM), and Landsat 8 (OLI) from the USGS server were used for land cover maps (Figure 
2.1). These images were selected on the basis of their availability and the quality of the 
datasets for the study area. Table 2.1 summarizes the details of the satellite data used in 
this study. 
 

Table 2.1. Details of satellite data used in this study 
 

Satellite  Sensor  Path/Row Spatial 
Resolution 
(Meters) 

Date of 
Acquisition 

Sources 

Landsat 2 MSS 156/39 60 11/19/1976 USGS** 
Landsat 5 TM 146/39 30 11/12/1998 USGS 
Landsat 8 OLI*  146/39 30 11/24/2014 USGS 

* OLI: Operational Land Imager, **USGS: United States Geological Survey. 
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Figure 2.1. Temporal satellite image of study area: (a) Landsat 2 MSS of 1976. 
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Figure 2.1 (continued). Temporal satellite image of study area: (b) Landsat 5 TM of 
1998. 
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Figure 2.1 (continued). Temporal satellite image of study area: (c) Landsat 8 OLI of 
2014. 
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2.2 Data preparation for forest fragmentation probability mapping   
 
2.2.1 Patch forest  
 
To obtain a final forest fragmentation probability map, patch forest that are completely 
degraded forests were considered as an evidence to apply weight-of-evidence (WOE) 
method. Patch forests were extracted from forest fragmentation map using analyst tools 
in ArcGIS.  
 
2.2.2 Forest fragmentation causative factors  
 
Despite the fact that anthropogenic activities are responsible for forest fragmentation, it 
is assumed that both natural and human drivers are responsible for forest fragmentation 
in this highly vulnerable region. Therefore, factors of topographic and human activities 
were considered to obtain final forest fragmentation probability map. Based on previous 
studies and data availability, causative factors such as slope angle, slope aspect, distance 
to streams, distance to roads, distance to agriculture land, distance to built-up area, and 
altitude zones were considered. On the other hand, other factors (such as temperature, 
landslides and floods) could not be used due to the lack of complete and reliable data, 
even though their potential influence may be important. Map layers depicting altitude 
zone, slope angle, slope aspect, and distance to streams, were derived from 10-m 
resolution stereoscopic Cartosat-1 data digital elevation model (DEM) provided by Indian 
Space Research Organization (ISRO), and roads were extracted from BHUVAN open 
data web portal provided by ISRO, Landsat 8 OLI satellite data provided by USGS. The 
descriptions of the preparation procedure of each data layer are provided below.  
 
The slope angle and slope aspect are derived from a 10-m digital elevation model (DEM) 
extracted from the stereoscopic Cartosat-1 data using the ArcGIS. Distance to streams 
produced from DEM by hydrology tools in ArcGIS. The layers of distance to streams, 
distance to built-up area, distance to agriculture land and distance to roads were calculated 
by Euclidean distance system in spatial analyst tools of ArcGIS. Landsat 8 OLI satellite 
image was used for producing agriculture land and built-up area. The altitude zone map 
was produced in accordance with the Indian Metrological Department (IMD). All data 
were converted to raster format with the same pixels and each raster was divided into 
several classes. Figure 2.2 shows the final outputs of causative factor maps.  
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Figure 2.2. Maps of forest fragmentation causative factors for the study area: (a) distance 
to built-up area, (b) distance to agriculture land, (c) slope angle, (d) slope aspect, (e) 
distance to streams, and (f) distance to roads. 

a) b) 

c) d) 

e) f) 
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Figure 2.2 (continued). Map of forest fragmentation factors for the study area: (g) 
altitude zone based on rainfall. 
 
2.3 Data preparation for landslide susceptibility mapping   
 
2.3.1 Landslide inventory 
 
In order to apply the weight-of-evidence (WOE) method, which is based on the 
assumption that past is key for future, the historical landslide data are necessary (Van 
Westen et al., 2008). The landslide distribution map was prepared through combination 
of multiple sources, i.e., BHUVAN open data web portal and Google Earth® archive 
from 2011 to 2013 with the help of field survey (Sato and Harp, 2009, Vakhshoori and 
Zare, 2016). Point locations of landslides could ignore the size or magnitudes of the 
existing landslides and might yield a biased result (Regmi et al., 2010). Therefore, to 
reduce these uncertainties, landslide polygons were used in this study and then 
transformed to grid cells with the same pixel size. Figure 2.3 shows an example of the 
landslides detected by Google Earth® in the study area. 
 
 
 
 
 
 
 

g) 
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Figure 2.3. An example of the landslides detected by Google Earth® in the study area. 

 GeoEye-1 images BHUVAN (ISRO)  Google Earth® images 
 

Pre-
landslide 
images 

   
 

 
Post-

landslide 
images 

  

 
 
  

   

Sources National Remote Sensing Centre 
(NRSC), Report, 2012  

BHUVAN open web data portal,  

(http://bhuvan.nrsc.gov.in) 
Google Earth® archives 

N 2012/09/19 

N 2012/03/30 

N 2012/09/19 

N 

2013/06/17 

2013/11/19 N 

N 2011/11/09 
N 

2013/06/17 
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2.3.2 Landslide causative factors 
 
For the landslide susceptibility mapping, there are no universal guidelines for selecting 
the parameters that influence landslides in susceptibility mapping (Ayalew et al., 2005; 
Yalcin, 2008). Therefore, based on previous research and data availability (Magliulo et 
al., 2008) the landslide-related spatial and attribute data, such as geology, geomorphology, 
soil type, soil depth, slope angle, slope aspect, relative relief, distance to faults, distance 
to thrusts, distance to lineaments, distance to streams, distance to roads, land use/cover, 
and altitude zones were collected. Map layers depicting geology, geomorphology and 
major structures (thrust, fault, and lineament) were derived from the geological maps 
prepared by Disaster Mitigation Management Centre (DMMC), 10-m resolution 
stereoscopic Cartosat-1 DEM from ISRO, Landsat 8 OLI satellite data provided by USGC, 
soil data from Uttrakhand Soil Information and altitude zone produced in accordance with 
the IMD. Brief description of the preparation procedure of each data layer is provided 
below.  
 
The slope angle and slope aspect derived from a 10-m DEM extracted from the 
stereoscopic Cartosat-1 data. Relative relief was derived from the DEM using the zonal 
statistics tool of ArcGIS, wherein DEM were used as zones. Distance to streams were 
produced from DEM by hydrology tools in ArcGIS. The layers of distance to streams, 
faults, thrusts, lineaments and roads were calculated by Euclidean distance system in 
spatial analyst tools of ArcGIS. Landsat 8 OLI satellite image was used for producing the 
land use/cover. The land use/cover map was produced by supervised classifi cation of 
satellite data and was generalized to nine classes. The altitude zone produced in 
accordance with the IMD. All data were converted to raster format with the same pixels 
and each raster was divided into several classes. Figure 2.4 shown the final outputs of 
causative factor maps for landslides occurrence.  
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Figure 2.4. Landslide causative factors for the study area: (a) land-cover, (b) slope aspect, 
(c) distance to streams, (d) distance to roads, (e) distance to thrusts, and (f) distance to 
lineaments. 

a) b) 

c) d) 

e) f) 
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Figure 2.4 (continued). Landslide causative factors for the study area: (g) distance to 
faults, (h) soil type, (i) soil depth, (j)  relative relief, (k) slope angle, and (l) altitude zone 
based on rainfall.  

h) g) 

i) j) 

k) l) 
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Figure 2.4 (continued). Landslide causative factors for the study area: (m) geology, and 
(n) geomorphology.  
 
2.4 Methods  
 
Figure 2.5 shows the overall methodological framework. Land-cover maps were derived 
based on Landsat images of the years 1976, 1998, and 2014, using supervised 
classification with the maximum likelihood method. Then, land-cover maps were 
analysed to understand the changes in LULC, using the cross-tabulation module detection 
method in Arc GIS and annual rate of change for each class of LULC. Regarding forest 
fragmentation mapping, all land-cover maps were converted to forest and non-forest areas 
to detect forest fragmentation areas, using the landscape fragmentation tool (LFT v2.0). 
Using the WOE model, forest fragmentation probability and landslide susceptibility maps 
were derived. Finally, to identify the potential change of area, forest fragmentation 
probability in zone of landslide susceptibility were analysed using the reclassify method, 
raster calculator and zonal statistics in ArcGIS. The details of the procedure are given in 
the following sections (Figure 2.5).  
 
 

m) n) 
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Figure 2.5. Overall flow chart for study area 
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2.4.1 Land-cover mapping 
 
2.4.1.1 Land-cover classification scheme 
 
Due to the mountainous topography of the study area, image preprocessing of the satellite 
images was necessary to reduce or eliminate differences between the two dates due to 
atmospheric or sensor variations (Jensen, 1996; Paolini et al., 2006). Therefore, Fast Line-
of-sight Atmospheric Analysis of Spectral Hypercube (FLAASH®) model was applied 
to improve radiometric and atmospheric correction in this study using the software ENVI 
5.1. FLAASH model technique was applied for handling particularly to stress such as the 
presence of clouds and surface reflectance. For geometric registration, the 2014 image 
was geo-referenced using ground control points by GPS and Google Earth®. Then, the 
images of 1976 and 1998 were matched with the geometrically corrected OLI images 
from 2014 by means of an image-to-image matching method, provided by ERDAS 
Imagine software. Afterwards, all images were re-sampled using the nearest neighbor 
technique with a root mean square error of less than ± 0.5 pixel per image to a 30-m 
resolution with the common Universal Traverse Mercator (UTM) 44N zone.  
 
A classification scheme was developed based on ancillary information (Table 2.2), 
fieldwork, local knowledge, and visual interpretation of each class of land-cover (Table 
2.3). The visual interpretation was completed using ArcGIS. To obtain a training set for 
each class was completed based on field observation and Google Earth. In addition, 
unsupervised classification and NDVI (Normalized Difference Vegetation Index) 
determination were also applied before the supervised classification to aid in 
identification of dominant land-cover types and to improve classification accuracy. Then, 
supervised classification using the maximum likelihood method was performed in 
ERDAS IMAGINE for the 1976, 1998, and 2014 Landsat images. For each class, 20 
ground-truth polygons were digitized based on a visual analysis of locations on Google 
Earth and on the image itself. To improve classification, training polygons with confusing 
spectral signatures were discarded, and new ones were created based on a visual analysis 
of the locations on Google Earth and on the image itself. Afterwards, the maximum 
likelihood algorithm was run again (Fonji and Taff, 2014). The land-covers were 
classified into nine: dense forest, open forest, pasture land, agriculture land, built-up area, 
scrub land, barren land, water bodies, and snow/glaciers. 
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Table 2.2. Land-cover classification scheme in this study. For comparison, available classification scheme by Forest Survey of India (FSI) 
is also shown. 
 

Forest Survey of India, 2011 Present study 
Land-cover  
classes 

Description Land-cover  
classes 

Google Earth® Field photos 

 
 
 
Very dense 
forest 

All land cover tree canopy 
density of 70% and above  

 
 
 
 
 
 
 
 
Dense 
forest 

  

 
 
 
Moderate 
dense forest 

All lands with tree canopy 
density of 40% and more but 
less than 70%  
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Table 2.2 (continued). Land-cover classification scheme in this study. For comparison, available classification scheme by Forest Survey 
of India (FSI) is also shown. 
 
Land-cover 
classes 

Description Land-cover 
classes 

Google Earth® Field photos 

  
 
 
 

Open forest 

All lands with tree canopy 
density of 10% and more but 
less than 40%  

 
 
 
 

Open forest 

  

 
 
 
 

Scrub 

Degraded forest lands with 
canopy density less than 10% 

 
 
 
 

Scrub land 
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Table 2.2 (continued). Land-cover classification scheme in this study. For comparison, available classification scheme by Forest Survey 
of India (FSI) is also shown. 
 
Land-cover 
classes 

Description Land-cover 
classes 

Google Earth® Field photos 

 
 
 

 
 
 
Non- 
forest 

 
 
 
 
 

Lands not included in any of 
the above classes  

 
 
 

Pasture land 

  
 
 
 

Barren land 
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Table 2.2 (continued). Land-cover classification scheme in this study. For comparison, available classification scheme by Forest Survey 
of India (FSI) is also shown. 
 
Land-cover 
classes 

Description Land-cover 
classes 

Google Earth® Field photos 

   
 

Water 
bodies 

  
   

 
 

Snow and 
glaciers 
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Table 2.2 (continued). Land-cover classification scheme in this study. For comparison, available classification scheme by Forest Survey 
of India (FSI) is also shown. 
 
Land-cover 
classes 

Description Land-cover 
classes 

Google Earth® Field photos 

   
 
 
 
 

Agriculture 
land 

  
   

 
Built-up 

area 
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Table 2.3. Visual image interpretation  
 

Land-cover 

Classes 

Tone Pattern Association Description 

Dense forest 

  

Dark red to tan red Contiguous On the ridge valleys of 

mountain at high elevation 

A forest that has a large area of land covered with 

tree and canopies form a continuous closed cover. 

Open forest Light red to pinkish Contiguous On the ridge valleys of 

mountain at lower elevation 

Light forest are mixtures of tress and canopies 

that do not form a continuous closed cover. 

Scrub land  Red to pinkish  Contiguous Associated with light forest, 

settlement and agriculture  

Land areas of exposed soil surface as influenced 

by human impacts and/or natural causes. It 

contains-sparse vegetation with very low plant 

cover.  

Barren land  

  

Cyan to bullish Scattered At the high altitude between 

the snow cover area 

Land that has not been used or that would be 

prohibitively difficult to use (e.g., bare rock and 

extremely steep slopes). 

Pasture land 

  

 Light brown Contiguous At the high altitude near the 

snow cover area 

Pasture land is generally distributed at high 

elevation with short vegetation. 

Built-up area 

  

Bluish grey Linear In valley portion along 

drainage/river course and 

near the agriculture area 

Areas that have been populated with residential, 
commercial, industrial, transportation and 
facilities. 
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Table 2.3 (continued). Visual image interpretation 
 

Land-cover 

Classes 

Tone Pattern Association Description 

Agriculture land 

  

Greenish blue Contiguous In valley portion along 

drainage/river course and 

the gentle slopes 

Areas cultivated with crops, including old arable 

land, newly cultivated land, fallow land, and 

land undergoing crop rotation, as well as fruit 

crops and agro-forestry land mainly used to 

cultivate crops. 

Snow and glaciers Bright white Contiguous At the high altitude  Area at the high altitude, with glaciers. 

Water bodies Dark blue to black Scattered With drainage system Areas covered with water such as rivers, ponds 

and lakes. 
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Chapter 3  

Assessment of land-use and land-cover (LULC) change in the Garhwal Himalaya  
 

3.1 Land-cover maps and status  
 
The land-cover maps for the years 1976, 1998, and 2014 based on Landsat 2 (MSS), 
Landsat 5 (TM), and Landsat 8 (OLI) satellite data were prepared with nine land-cover 
types, namely, dense forest, open forest, pasture land, snow/glacier, barren land, scrub 
land, agriculture land, water bodies, and built-up area. Figure 3.1 shows the final output 
of the supervised classification, which consists of three classified maps and Figure 3.2 
shows the comparison in terms of the total area for each land-cover category. 
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Figure 3.1a. Land-cover map for the year 1976 














































































































































