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ABSTRACT 
 

Indian trans-Himalaya is one of the most fragile and yet the least represented of all the bio-geographic zones in the Indian protected 

area network. In order to link conservation with development, more areas in the Indian trans-Himalaya need multidisciplinary surveys 

backed by modern tools of remote sensing and Geographic Information System (GIS). The study demonstrates the potential use of these 

tools in assessing the resource availability & mapping the different land use/land cover (LULC) and vegetation classes in the cold 

deserts of Spiti region, Himachal Pradesh with the help of extensive ground truth. The result emphasized on vegetation classes along 

the narrow river valleys which were categorized using information from ground truthing and spectral analysis of satellite images.  
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Introduction 

Spatial information on forest cover and biodiversity are of primary 

importance for monitoring the efficacy of conservation measures. 

The extent of it governs many important earth system ecological 

processes (Joshi et al., 2001). Vegetation is a useful descriptor of 

biotic communities as it is immobile, represents a major part of 

Earth’s terrestrial biomass (thus providing a useful index of 

productivity), and integrates abiotic site conditions (e.g. 

temperature, moisture, soil development, nutrient cycles). These 

globally distributed units are largely a function of climatic, 

topographic and edaphic variables and disturbance regimes (Roy 

et al., 2006).  

 

Trans-Himalaya is one of the most fragile, and yet the least 

represented of all the bio-geographic zones in the Indian 

protected area network (Rodgers & Panwar, 1988). It includes the 

environmentally sensitive area such as cold deserts which form an 

important element in the ecology of Himalaya. The Himachal 

Himalaya forms a giant arcade geographical landmark with varied 

topographical features and widely varying altitudes and climates. 

There is a pronounced latitudinal succession of vegetation types 

with the tropical forest at the base, leading to the eternal snow 

on the peaks (Roy et al., 2001).   

 

For any ecological research, information on vegetation type or 

forest cover along with other factors is pre requisite. Ground-

based surveys in large, relatively inaccessible and ecologically 

complex areas are generally difficult and expensive. Remote 

sensing (RS) offers a seemingly ideal tool for mapping and 

monitoring of such areas, particularly to complement or update 

the conventional data-gathering techniques. Remotely sensed 

image is a major source of data for environmental applications & 

using a combination of spectral features and ground information 

on diversity, distribution and dominance of various species it is 

possible to generate spatial databases on components of 

biodiversity (Joshi et al., 2005). These sources of data have, 

perhaps, a greater value in mountain environment, where 

traditional ground-based surveying techniques are restricted by 

the nature of the terrain. Geographical information system (GIS) 

has been widely used as a tool to aid the design, management 

and monitoring of national parks and other protected areas 

(Porwal et al., 2003).  

 

In this study, we derived the land use land cover (LULC) map & 

vegetation type map of Spiti region, Himachal Pradesh using 

remotely sensed satellite image. Vegetation mapping provides 

relevant information for effective management of natural 

resources, especially for the conservation of biodiversity. The 

vegetation of this zone is characterized by scattered low bushes, 

sparsely covered tussock grasslands, herbaceous formations, 

sedge meadows and stony deserts with cushion like growth forms 

(Joshi et al., 2005). Climate, geology and soil structure in 

conjunction are responsible for the presence of sparse and 

herbaceous vegetation characterized by the total absence of tree 

growth.  

 

Study Area 

Himachal Pradesh is a hill state with altitude ranging from 350 m 

above msl at its boundary along the Punjab plains to 6816 msl in 

Kinnaur. The altitude increases from west to east and south to 

north. Important mountain ranges in the state include the 

Shiwaliks, Dhauladhar, Pirpanjal, Great Himalaya and the Zanskar. 
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The state can be divided into three main topographic regions: (i) 

the Shiwaliks (ii) the Lesser Himalaya (iii) the Greater Himalaya. 

The Shiwalik -known as 'Mainak Parbat' is the outermost 

mountain range in the state. This range stretches for about 70km 

with an average elevation of about 1000m and is the origin of 

Ghaggar and the Markanda rivers. This range is composed of 

unconsolidated deposits, which are subject to severe erosion. The 

lesser Himalaya or the middle Himalaya having most of the high 

altitude conifer and broad leaved forests, alpine meadows and 

land under horticulture, covers major part of the state. The greater 

Himalaya lies further north of the lesser Himalaya and covers 

trans- Himalayan cold desert areas of the state, characterized by 

the glaciated landscape, thin vegetation and low human 

population density. The altitudinal and topographical variations 

lead to a local diversity of climate which is broadly of four types: 

wet subtropical characteristic of the Siwalik zone, cool humid 

temperate of the Outer Himalaya, cold moist temperate of inner 

parts of the Lesser Himalaya and cold dry temperate of the Great 

Himalaya. Snowfall occurs during the winter months (December-

March) above 1500 m and persists from a few days to the whole 

year. There are 12 districts in the State. The two main sources of 

livelihood are animal husbandry and agriculture.  

 

Vegetation pattern of Himachal Pradesh varies from dry scrub at 

lower altitudes to alpine meadows at higher altitudes. Between 

these two extremes distinct vegetation zones of dry deciduous 

forest, moist deciduous forest, pine, oak, deodar, mixed 

coniferous and temperate broadleaved forests are found. Chir pine 

forest is restricted to an elevation of 800 to 1500 m whereas 

Deodar and oak distributions usually occupy the cooler aspects in 

most of the area and Grassland communities can be found in dry 

and warmer southern slopes at similar elevations. Mixed 

coniferous forests with consociations of deodar, fir and spruce 

can be found between 2500 and 3200 m altitude (Chandrashekhar 

et al., 2003). The forest and other natural ecosystems of Himachal 

Pradesh that constitute two -thirds of the geographical area of the 

state are crucial for its environment, ecological, well being and 

that the influence of the state's forests transcends well beyond its 

boundaries, significantly impacting on the ecology and economy 

of the Indo -Gangetic plains. The study area includes the cold 

desert region of the state comprising Spiti sub-division of Lahaul 

and Spiti district. The areas of Lahaul & Spiti with their high 

altitudes of over 3,000m had a population of 11,389 in an area of 

4,695 sq. miles and a resulting density of a mere 2.4 per sq. miles 

(State of Environment Report Himachal Pradesh).     

 

Material & Methodology 

IRS-P6 LISS III satellite image dated 6th November 2010 for path- 

96 and row -48 with a ground resolution of 23.5 was procured 

from National Remote Sensing Centre (NRSC), Hyderabad. Erdas 

Imagine 2010 & Arc GIS 10 software were used for data 

processing and analysis. The image was geometrically corrected 

using image to image registration technique and was referenced 

to the UTM coordinate system (Zone 44), WGS 84 datum. Spectral 

variability is attributed to the geological set-up of the terrain, as 

the background offers no complexity due to intermittent and 

sparsely vegetated arid environment of Spiti. The selection of the 

bands for classification was based on the spectral profile analysis 

and visual interpretation of False Colour Composite (FCC) of 

satellite image.  

 

Analysis of vegetation using remote sensing is quite significant, 

different LULC classes and vegetation types were identified on 

the basis of on-screen visual interpretation of the spectral 

reflectance characteristics (also known as spectral signatures) of 

different features. Hybrid classification technique was used to 

derive the LULC and vegetation type class maps. First, an 

unsupervised classification method with ISODATA clustering was 

used to generate preliminary classes. Then similar classes were 

merged based on spectral signatures and training samples 

collected during field survey. Field survey was undertaken to get 

acquainted with the general patterns of vegetation and land use 

types in the area. The classified image was correlated with the 

ground truth information. In the sparsely vegetated regions of 

trans-Himalaya, the spectral signatures are strongly influenced by 

geology, soil, aspect and slope (Joshi et al., 2005). During ground 

truth GPS points were taken for major LULC categories. In the 

majority of the classes, tone and texture were found useful for the 

preliminary identification of the classes. The drainage pattern was 

very helpful to delineate the vegetation cover type.  

 

Results & Discussion 

Land use land cover mapping 

LULC map comprised of 9 classes namely dense forest, scrub 

forest, open land/miscellaneous, river/waterbody, moist meadow, 

grass, snow/glacier, shadow and barren land/river bed. Dense 

forest refers to all lands of forest cover having canopy density of 

70% and above & scrub forest is forested land with canopy 

density of 10-40% (FSI 2011). Dense forest class covers an area of 

7.99 km2 which was only 0.13 % of the total whereas scrub forest 

class covered 1190.75 km2. Open land/Miscellaneous class cover 

grasses and shrubs with sparse trees and the area under 

openland/miscellaneous was 300.38 km2. This is generally in the 

steep slopes of the hills and plains. Most of the hills are with bare 

rocks and are classified as barren land. Some of the riverbeds are 

also considered in this class. The GPS points taken during the 

field visit helped in extracting the exact location of classes. The 

area statistics is given in the Table 1.   

 

Table 1. Area distribution of different LULC clases. 

LULC   Area 

(hectares) 

Area  

(Sq km) 

% Area  

Shadow 48939.63 489.40 7.81 

Dense Forest 817.76 7.99 0.13 

Scrub Forest 119074.56 1190.75 19.00 

Moist Meadow 77811.18 778.11 12.42 

Grass 98079.29 980.79 15.65 

Snow/Glacier 141458.54 1414.59 22.57 

Open Land/ Miscellaneous 30038.20 300.38 4.79 

Barren Land/Riverbed 107310.81 1073.11 17.12 

River/Waterbody 3153.54 31.54 0.50 

    6266.65 100.00 
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Figure1. LULC of Spiti región. 

 

Vegetation type mapping 

Vegetation type map contained 11 classes: sub-alpine temperate, 

temperate grass, alpine scrub, Hippophae, Ephedra, agriculture, 

snow, shadow, rocky exposure, river/water body and moist 

meadow. The result revealed that the study area covered by 

Hippophae constitute 4.06 % of all vegetation classes i.e 254.26 

km2 found mainly near the riverbeds and Ephedra with 427.92 km2 

representing 6.83 % of the total. A more or less pure thicket of 

Hippophae scrub along the river banks and riverbeds in the 

subalpine and alpine zones between 2500 m at the northern dry 

belts and 4200 m in the eastern part of the state and, fairly bigger 

patches of Ephedra scrub in arid cold deserts, usually in 

xerophytic formations can be observed (Chandrashekhar et al., 
2003). Another vegetation class of significant interest is moist 

meadow occupying nearly 778.11 km2 which is 12.42 % of the 

share. The herbaceous meadows and dry scrub on the plateau 

serve as important grazing grounds for the pastoral communities 

and also harbor a variety of medicinal and aromatic plants. Alpine 

meadows/scrub is almost a treeless expanse with few Junipers. 

Due to scarcity of the precipitation available, the plants are 

generally found growing along moist river margins or in moist rock 

crevices. The alpine herbs grow in belts along the edges of 

melting glaciers. The characteristic feature of the vegetation is 

the cushion-like habit of plants, which is an adaptation for cold 

dry winds and blizzards. The higher ridges and upper reaches of 

the state are mostly snow covered, i.e. glaciers (Joshi et al., 
2001). The area distribution of vegetation classes in 2010 is given 

in Table 2. 

 

Table 2.  Area statistics of the vegetation type classes  

 

Sub alpine temperate vegetation covers 3.31 %, alpine scrub 4.58 

% and temperate grass 13.58 % of all vegetation types. There is a 

strong tendency of Ephedra outburst on gravel terraces with 

relatively gentle slopes (5–15 degrees), adjacent to riverbed in 

Spiti which is attributed to relatively high water/moisture content 

and its preference to conquer lands rich in sandy soils adjacent to  

Vegetation classes Area 

(hectares) 

Area 

(Sq km) 

% Area  

Sub Alpine-Temperate 20728.80 207.29 3.31 

Alpine Scrub 28717.22 287.17 4.58 

Temperate Grass 85090.76 850.91 13.58 

Hippophae 25426.05 254.26 4.06 

Ephedra 42791.68 427.92 6.83 

River/Waterbody 3460.38 34.60 0.55 

Snow 155358.86 1553.59 24.79 

Agriculture 7839.77 78.40 1.25 

Shadow 49588.93 495.89 7.91 

Rocky 129851.08 1298.51 20.72 

Moist Meadow 77811.18 778.11 12.42 

    6266.65 100.00 
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Figure 2. Vegetation type map of Spiti región. 

 
river bed. Its presence in the higher reaches of hills may be 

restricted due to low moisture retaining capacity of the loose 

sandy soil on steep slopes (Porwal et al., 2003). 

 

Conclusion 

The study highlights the importance of geospatial tools in 

mapping LULC & vegetation types in cold desert with the help of 

extensive ground truth. Data set from IRS- P6 LISS III have been 

used effectively in mapping with prior knowledge of their 

occurrence using remote sensing technique. Information on LULC 

gives an overall perspective on the landscape characteristics & 

can be used for monitoring the changes in the cold desert.  

 

These inputs can be used to delineate potential conservation area 

& monitoring parameters in ecologically fragile landscapes (Joshi 

et al., 2005). The environment and ecology of cold deserts have 

endowed certain plant species with the capability to produce 

certain chemical ingredients or alkaloids, which bear high 

medicinal value. Therefore, such plant species are of specific and 

significant interest to mankind. Due to increasing pressure on 

these pasturelands from local communities, nomadic graziers of 

lower altitude and drug manufacturers, there is a gradual 

depletion of the great medicinal wealth. The rich repositories in 

the past have been over exploited with ruthless greed, and 

several species of drug-plants like Dioscorea, Jurnea, Orachis, 
Aconitum, Polygonatum, Angelica, Nardostachys, Valerina, 
Arnebia and even Berberis are facing threat to their survival. 

These zones dominated by stress-tolerant medicinal plant species 

facing extinction need critical examination. Therefore, areas 

dominated by medicinally important plant species must be 

identified for active planning, management and conservation 

(Porwal et al., 2003). Such type of studies can be used by the 

researchers, planners and conservationists in conservation and 

management of the sparse resources in the cold deserts.  
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