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1 INTRODUCTION 

The importance of Biodiversity lies within the very nature of its iterative services, 

constantly functioning for the benefit of all organisms, naturally. The services most 

visible to us are : first, provision of goods linked to a direct economic value; second, an 

intricate link between the human well-being; third, services that have an indirect 

economic value, viz. regulation of climate, maintenance of atmosphere quality, water 

quality, and soil fertility, regulation of hydrological cycle, and primary and secondary 

production. 

A compromised biodiversity loses its natural resilience and capacity to maintain 

habitats. Human activities substantially impact most of the terrestrial biosphere, 

currently at rates and spatial extents far greater than in any other period in human 

history (Kerr and Ostrovsky, 2003). Numerous organizations, disciplines and initiatives 

have formed in the last 15 years in response to the myriad challenges to sustainable 

resource management and ecological protection. 

India saw the success of an experimental venture in Joint Forest Management and 

implementation of other major community – level ecosystem conservation projects such 

as IEDP (India Eco-development Project) and FREEP (Forestry Research Education 

and Extension Project) effectively improving the quality of the ecosystem  albeit any 

significant impact on the livelihood of the surrounding communities over the years.  

The limitations of the preceding isolated ecosystem management approaches in India is 
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overcome by the emergence of Biodiversity Conservation and Rural Livelihood 

Improvements Project (BCRLIP).  

While the richness of species in an ecosystem is an essential component of maintenance 

of a biodiversity, taking a step further is the inclusive approach of the landscape 

conservation methodology boosting the standard of living of citizens involved as well. 

In other words, landscape approach regards the land as a whole and seeks to conserve 

the integrity of its components; including the biotic, abiotic and anthropogenic 

elements. The landscape approach regards humans and their impact as an integral part 

of the system. Therefore, incorporation of landscape approach in BCRLIP sanctions 

conservation on a broader scale, consequently providing a platform for stakeholders to 

intervene, facilitate development, negotiation and operation of activities across the 

whole landscape. 

1.1 Ecological mapping: A landscape approach 

 

The understanding of the priorities of biodiversity conservation and management has 

resulted in a shift of approach from conservation of a single species to habitats through 

interactive network of species at landscape level. Landscape is a broad scale area 

composed of a mosaic of patches in to which we introduce physical, biological and 

socio-economic elements.  

 

Landscape ecology sought to understand the ecological functions of larger areas and 

hypothesize that spatial ecosystems, habitats or communities have ecological 

implications in biological richness distribution. In a holistic paradigm, an ecosystem is 

a perceivable topographic unit of the landscape, more or less homogenous as to its form 

and structure (Row, 1961). The landscape may be subdivided into ecosystem units of 

different sizes or levels from broad to very small portions of the landscape (Barnes, 

1986). Ecological mapping attempts to objectively and spatially delimit and represent 

the natural organization and structure of any landscape.  The ability to map and monitor 

ecological phenomena over large spatial extents has become a focus of renewed 

research in the context of increasing awareness of human activities and environmental 

change (Busby, 2002; McDermid et al., 2005; Liu and Taylor, 2002). The key 

motivations for integrating GIS and remote sensing for ecological research and 

management are:  

 The acceptance of the landscape context and scale for sustainable ecosystem 

management (Liu and Taylor, 2002).  

 The importance of retrospective and prospective monitoring for conservation 

(Urban, 2002; Turner et al., 2003).  

 Increased familiarity with GIS and remote sensing data and methods within 

resource management agencies (Jennings, 2000).  

 Improved geospatial data quality and availability (at reduced cost) (Rogan and 

Chen, 2004).  
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 Reported advantages of using different types of geospatial data (from both GIS 

and remote sensing) for mapping and monitoring applications (Rogan and 

Miller, 2006; Zimmermann et al., in press).  

A detailed ecological map would ideally constitute of ecological facets characterized 

based on multi input layers. The ecological land units also allow for assessing 

ecosystem processes like carbon storage and soil formation as well as understanding 

risks leading to environmental degradation.  The ecological land units also lend 

themselves to the study of ecological diversity, rarity and evolutionary isolation. For 

example, we can identify the most diverse landscapes in terms of unique ecological 

land features. Understanding diversity can point the way to improved conservation 

planning. 

 

1.2 Significance in Biodiversity Conservation & Rural Livelihood 

Improvement 

 

The Ministry of Environment and Forests, Government of India is implementing a 

World Bank assisted project (2011-18) on ‘Biodiversity Conservation and Rural 

Livelihood Improvement (BCRLI)’ in India for managing large landscapes having 

conservation values. The project is being implemented through state forest department 

(4 Demonstration Sites and 3 Field Learning Centre) and Wildlife Institute of India 

(Knowledge Management Centre). The project is implemented as a centrally sponsored 

scheme, amounting to Rs. 137.34 crores. BCRLIP has been visualized to promote a 

collaborative program using participatory methodology across important landscapes in 

the country to conserve biodiversity, while promoting livelihood opportunities of the 

people depending upon these landscapes for their sustenance. 

 

The ecological mapping pilot landscape sites are Askot Landscape in Uttarakhand and 

Little Rann of Kutch in Gujarat. The ecological mapping would support further testing 

and replication of landscape conservation approaches in two additional sites in Kerala 

and Tamilnadu; Satpura in Madhya Pradesh and Maharashtra. It offers nested levels of 

resolution, based upon a regionalization process, and provides an ecological basis for 

planning activities that may impact upon the environment. A regionalization process 

which requires the subdivision of landscapes into map polygons with respect to scale 

dependent parameters (geology, geomorphology etc.).   

 

For Askot landscape, WII has undertaken the vital and challenging task of the 

biodiversity assessment which provides information on the biodiversity richness of the 

landscape; and for monitoring biodiversity changes. By recognizing a framework for 

the ecological mapping an outline of geospatial products with consultation among 

expert scientists was developed. It allowed a survey and data mining from existing 

database which helped in recognizing the gaps. Hence, the baseline data generation 

commenced. A progressive and an annual baseline data collection scheme is constantly 

satisfying the gaps in our database for production of geospatial products for the creation 
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of ecological maps. Inventorying and monitoring requires a thorough database that can 

withstand change with time. Hence, the baseline data at landscape level is proposed to 

be sufficiently robust to accommodate vicissitudes. Such database with detailed site 

specific field inventories helps in conservation planning.  The components of baseline 

data are biological and socio-economic features which is a scientific and robust 

sampling and survey, with the local communities playing a vital role.  

 

Satellite data is used for various classification and estimation; GIS is utilized for spatial 

database development and analysis of spatial pattern, generation of terrain complexity, 

disturbance buffer; and integration with physio-climatic, socio-economic, biological 

attributes for qualitative and quantitative labelling of groundwater potential, erosion 

intensity, landslide hazard zonation species richness, and conservation priority. 

Through scientific and vigorous samples on field baseline data in Global positioning 

system (GPS) was utilized for - locating field sample plots; gathering positional 

attributes of plant species; providing field points for assessing the accuracy of baseline 

data.  

 

The assessment of biological rich areas brings out distinctiveness of the landscape as 

driven by pattern of richness, endemism, biological corridors, community composition 

and diversity. The analysis made also presents full range of distinct natural 

communities and ecological status at landscape level. Understanding of the species 

habitat relationships, inventorying patterns, multivariate modelling of long term 

datasets allows formulating and testing the hypothesis. The dataset could also allow 

monitoring and forecasting changes through various models using multi temporal data. 

 

2 FRAMEWORK FOR ECOLOGICAL MAPPING 

Ecological maps help to measure and assess how different ecological phenomena vary 

across a landscape and thus to examine changing patterns. The use of spatial methods 

enables to identify the location and distribution of environmental features, human 

developmental activities, socioeconomic conditions which aids in understanding the 

relationships and interactions among variables. Baseline information helps planners and 

managers to monitor changes. Here we have envisioned a cumulative and progressive 

digital database for fulfilling the needs of the present and impending objectives towards 

the Askot landscape ecological mapping: 

 To establish an ecological basis for conservation planning and for the 

integrated management of resources.  

 To provide base data for monitoring biological and social indicators to 

understand the impact of the BCRLIP.  

 

Therefore the important categories of attributes that was considered in preparing the 

ecological maps of Askot landscape: 
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1. Physio-climatic features 

2. Biological features  

3. Socio-economic (human development and settlement) of the area.   

 

2.1 Geospatial layers 

 

The outline of geospatial products required have been shortlisted through consultation 

among expert scientists as listed in Table 2-1.  
 

Table 2-1: List of geospatial layers 

Geospatial product Input data (ancillary data /satellite data ) 

Base layers 

Study area IRS P6 LISS III/ SOI Toposheet 

False color composite IRS P6 LISS III 

Askot wildlife Sanctuary, Road and 

Settlement 

IRS P6 LISS III/ SOI Toposheet 

Drainage IRS P6 LISS III/ SOI Toposheet 

Micro watershed IRS P6 LISS III/ SOI Toposheet 

Forest Beat Forest department, Uttarakhand/ IRS P6 LISS III 

Major Van Panchayat SOI Toposheet/ IRS P6 LISS III 

Thematic layers 

Vegetation type IRS P6 LISS III & ground truthing, literature 

survey 

Forest cover IRS P6 LISS III & ground trothing, literature 

survey / data from FSI 

LULC change IRS P6 LISS III & ground survey, literature 

survey/ landsat MSS, TM 

Geology GSI  (Geological Ssurvey of India)/ IRS P6 LISS 

III 

Geomorphology IRS P6 LISS III 

Soil type NBSSLUP/ IRS P6 LISS III 

Soil Depth NBSSLUP / IRS P6 LISS III 

DEM/ Relief /Slope / Aspect ASTER 30m DEM 

Potential distribution mammals 

Leopard (Panthera pardus) IRS P6 LISS III/ ground survey, literature survey 

Snow Leopard (Uncia uncia) 

Asiatic Black Bear (Ursus thibetanus) 

Indian-crested Porcupine (Hystrix indica) 

Royle's Pika (Ochotona roylei) 

Blue Sheep/Bharal (Pseudois nayaur) 

Himalayan Tahr (Hemitragus jemlahicus) 

Himalayan Serow (Capricornis thar 

Himalayan Goral (Naemorhedus goral) 

Himalayan Musk Deer (Moschus 

leucogaster) 

Barking Deer (Muntiacus muntjak) 
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Wild Pig (Sus scrofa) 

Potential distribution birds 

Chukar (Alectoris chukar) IRS P6 LISS III/ ground survey, literature survey 

Black Francolin (Francolinus francolinus 

Snow Partridge (Lerwa lerwa) 

Hill Partridge (Arborophila torqueola) 

Rufous-throated Patridge (Arborophila 

rufogularis) 

Satyr Tragopan (Tragopan satyra) 

Himalayan Monal (Lophophorus 

impejanus) 

Kalij Pheasant (Lophura leucomelanos) 

Koklass Pheasant (Pucrasia macrolopha) 

Himalayan Snowcock (Tetraogallus 

himalayensis) 

Cheer Pheasant (Catreus wallichi) 

Derived layers 

Ground water potential Geomorphology, slope, aspect 

Erosion intensity LULC, soil type , soil depth, slope and aspect 

layers;  Weighted overlay 

Landslide hazard zonation Geomorphology, slope , soil depth, aspect 

layer;Weighted overlay 

Disturbance regimes Road and settlement layer, Landslide hazard 

zonation, and Erosion intensity- Distance buffer 

Species richness Species habitat association, Potential distribution 

of species map, literature survey, ground survey 

Conservation priority Species richness and disturbance regime; 

Weighted overlay 

 

 

Firstly, maps are generated from existing database from various secondary sources 

which helped recognising the limitations and accordingly a list of baseline data is made. 

This gave us a clear picture in planning the way ahead in data collection i.e.  Satellite 

images, field investigations, etc. The software primarily used for digitization, image 

processing and analysis is ArcGIS 10.2 and ERDAS 2014 and calculation was done 

using Microsoft excel. 

 

2.1.1 Projection, scale and accuracy 

 

For uniformity in geospatial layers derived for the purpose of ecological mapping and 

seamlessness in the multi spatial database development, there has to be a combination 

of datum, projection, and definition of bounding limits (with assessment of accuracy). 

This allows easy and accurate registration, transformation, and visualization of the 

spatial information in the repository. 
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All mapping is carried out at 1:50000 scale. Preparation of micro plans through 

participatory mapping is ideally carried out at Van Panchayat level for select villages. 

This process will be independent of 1:50000 scale mapping.  

 The projection of images: Universal Transverse Mercator projection will be 

used, and the  Zone 44N  

 Datum: WGS 84.  

 

2.2 Baseline data generation 

 

The project addresses two components for effective management. 

 Biodiversity conservation (Biological Indicators) 

 Sustainable livelihoods of rural people (Socioeconomic)  

 

BCRLIP recognises human dimension for a sustainable livelihood. The profile of local 

people and their dependence on natural resources will help in deeper understanding of 

the linkages between the two. It will help in securing livelihoods with sustainable 

management of forests. The ecological map envisioned for BCRLIP gives a high 

priority to the assimilation of both socio-economic ad biotic factors in the biodiversity 

conservation.  
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3 STUDY AREA 
 

3.1 Overview of Askot landscape 

 

The Askot landscape (290 05' to 300N, 800 to 810 05'E) is located in Eastern Kumaon, in 

the state of Uttarakhand. The landscape extends over Dharchula and Munsyari tehsils of 

Pithoragarh district covering total geographic area of approximately 4,469.5km2 (Table 

3-1). The landscape is a converging point of bio-geographic elements of the Western 

Himalaya, the Central Himalaya and the Tibetan Plateau. To the north it shares the 

international border with China (Tibetan Autonomous region). The Kali river forms the 

boundary in the South-East of the landscape till Jauljibi, which constitutes the border of 

India and Nepal. The Western and North - Western boundary of the landscape runs 

along the true left bank of the Gori river.  

 
Table 3-1: Area covered by two Tehsil of Pithoragarh 

S.No. District Tehsils Area (%) 

1. Pithoragarh a) Munsyari (partial) 39% 

b) Dharchula (complete) 61% 

 

 
Figure 3-1: Study Area- Askot Landscape 
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ASKOT WILDLIFE SANCTUARY  

 

The Askot Musk Deer sanctuary in Pithoragarh District of Uttarakhand was created in 

1986, vide notification no. 96(1)/14-3-30/84 dated 30.7.1986. The sanctuary covers a 

large range of the altitudinal gradient from about 575m to 6100 m. The sanctuary 

includes a large number of villages, a town and a military cantonment within its 

boundaries. 

 

The area notified under the sanctuary is 600 km2 but the actual area demarcated as per 

the boundary description in the notification encompasses about 2,901 km2. This was 

discovered and highlighted by the Himalaya Region Project of the Foundation for 

Ecological Security after they had done a large scale mapping exercise of Van 

Panchayat Forests, Reserve Forests, Protected Areas, and Civil and Soyam land in the 

Greater and Trans-Himalaya areas of Uttarakhand (Consortium, 2007) 

 

In the revised notification no. 3239 /X-2-2013-19(1)2002 dated 25th July 2013 

(Annexure 1) under section 26A(1) of the Wildlife Protection Act 1972 (No.53 of 1972) 

the Governor declared the said area spread over 600 km2 as a sanctuary to be named as 

“Askot Wildlife Sanctuary” in Pithoragarh district, Uttarakhand. All of the revenue 

villages and hamlets are kept out of the newly demarcated boundary of the sanctuary. 

All the forest rights, concessions and community rights of local population in the 

reserve and protected forest would continue as before. The forest area of the state is 

34,651 km2  which constitutes 64.79% of the total geographic area.   

 

CLIMATE 

 

Sharp variation in altitudes determines climatic factors in the landscape. To add to the 

diverse conditions that such a range of altitudes produce, is the landscape's special bio-

geographic location on the east-to-west (longitudinal) transition zone of the flora and 

fauna of Himalaya, and its proximity to Tibet, that enables it to share characteristic 

elements and affinities of all three.  

 

It has a cool wet summer season (June - September) with the temperature varying from 

150C to 40C and the very cold winter season (October - May) with the temperature 

varying from 70C to below 00C. In the cold winter season the region is buried under 

snow with snow depth varying from 1.5 to 3m. The snow melts in the first week of 

June. The cold winter wind during the month of October in the latter half of the day 

forces people to abandon the outdoor activity. The summer season is called chaumas 

and the cold winter season is called huin (Negi, 2010). 
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PRECIPITATION 

 

Rainfall is quite variable in this area. Averaging below 200 cm annually in the lower 

reaches of these valleys, the areas in the Greater Himalaya zone here, for example the 

Panchachuli basin on the western flanks receives as much as 300 cm of torrential rain. 

The upper Trans-Himalaya reaches of these valleys, on the other hand, are in the rain-

shadow, and comprise an arid cold-desert area that receives less than 15 cm of rain 

annually. This is excluding the precipitation in the form of snow in winter. 

 

Snow at the high altitudes is heavy and wet, and unlike other places in the trans-

Himalaya where dry snow is blown away by strong winds, it accumulates up to the 

roofs of the alpine habitations, making it necessary for people to migrate with their 

livestock to lower villages in the montane belt in early October. Avalanches are a 

regular phenomenon, as witnessed by the huge impacted cones of avalanche debris 

along many gorges, forming snow bridges across the rivers at many points that can 

sometimes remain un-melted till the following winter. 
 

ALTITUDE 

 

Because of the great compression of life-zones in a small geographical area, this project 

landscape presents a great diversity of landscape and ecosystems. From about 590 

metres above sea level at Jauljibi, at the  confluence of the Gori with the Kali, to 7434 

metres a.s.l at the summit of Nandadevi East, amongst a multitude of high, ice-bound 

mountain massifs, including some others over 7000 meters such as Hardeol and Trisuli. 

6000 meter high peaks such as Suitilla, Chiringwe, Chikulawe, Bambhadhura, 

Rajrambha, Ngalaphu, Ngangling and Adi Kailash are some of the other spectacular 

and high mountains in the area. These high mountain precipices slope down to 

progressively warmer valleys, yield altitudinal gradients and climatic conditions that 

range from frigid arctic conditions to the warm and humid sub-tropical. 

 
Table 3-2 : Altitude of various peaks in Askot Landscape 

Peak Altitude (m) 

Panchachuli II 6913 

Hardeol 7151 

Trishuli 7074 

Nanda Devi East 7434 

Nandakot 6861 

Chiplakot 4503 

Suittila 6373 

Chiring We 6559 

Chikula We 6038 

Bainti 6072 
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FLORA AND FAUNA 

The landscape is very bio-diverse, containing 2607 species of vascular plants, 265 

species of birds, 37 of mammals, many of which are endemic, rare or endangered 

(Consortium, 2007). According to a study (Samant, Dhar, & Rawal, 1998) total of 1262 

species of vascular plants belonging to 707 genera and 173 families were recorded in 

Askot Wildlife Sanctuary, Pithoragarh province of Uttarakhand. Maximum diversity 

was observed in the family Orchidaceae in 120 taxa. 44 species were identified as 

major source of fuel and fodder out of which 36 were trees, 6 shrubs and 2 woody. The 

Askot Wildlife Sanctuary alone represents over 60% of its native flora as endemic to 

the Himalayas. In the area 196 taxa were identified in the threatened category. Out of 

which 10 has already been recorded in the Red Data Book of Indian Plants (Samant, 

Dhar, & Rawal, 1998). 

 

 
Figure 3-2: False Colour Composite 2011- Askot landscape 

 

DEMOGRAPHY 

 

The total population of Munsyari tehsil is 46,523 with male population 22,889 and 

female population is 23,826. In Dharchula tehsil there is total population of 65,689 out 

of which 33,240 is male population and 32,449 is female population for the year 2011 

(Census, 2011).  
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Table 3-3: Population trend in the landscape 

S.No. Year Tehsil Total Population ale Population Female 

Population 

1. 1991 Munsyari 46,546 22,720 23,826 

Dharchula 61,089 31,034 30055 

2. 2001 Munsyari 46,546 22,720 23286 

Dharchula 61,089 31,034 30055 

3. 2011 Munsyari 46,523 22,889 23634 

Dharchula 65,689 33,240 32449 

 

NATURAL DISASTER IN ASKOT LANDSCAPE  

 

In the year 2013 the heavy and incessant rain occurred in the upper reaches of 

Himalayas. From 15th June to 17th June 2013 the rivers in Uttarakhand pulsed in the 

area. Bridges, roads and hydro-power plants in the area were severely damaged. Human 

habitations, road, shops and agricultural field of the local inhabitants were slashed out 

in the floods. Families were forced to live in the tents. 103 households have been 

affected in the floods as reported by Himal Prakriti (Anonymous, 2014). 
 

Table 3-4: Number of families affected during floods (2013) 

Place No. of families affected 

Umargada 14 

Khinuagaon 12 

Mankot and Gharuri 21 

Choribagad 15 

Mori 16 

Ghattabagad 20 

Lumti 5 

Total 103 

 

The hydro - electric projects affected in the area are the Himalaya Hydro Tanga Phase I 

for 5 MW and UREDA (Uttarakhand Renewable Energy Development Agency) 500 

KW Motigad on Moti Gadh River. The NHPC (National Hydroelectric Power 

Corporation) campus at Gothi was also severely damaged. Some of the ITBP (Indo - 

Tibetan Border Police) camps were also affected in the area (Anonymous, 2014).   

 

A survey conducted by BCRLIP team to assess the conditions of the landscape 

informed that they witnessed the remnants of the landslide and river bank soil erosion at 

Baluwakot. The landslide occurred in many places like Charchum, Bulwakote within 

the landscape. The road breakages were also observed in the area. The 

photographsdepicting the damage in the area are given below in Figure 3-9.  
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Figure 3-8: Dilapidated shops in 

Baluwakote 
Figure 3-7: Damaged NHPC Phase I 

Figure 3-4: Road damage  Figure 3-5: Temporary camps 

Figure 3-3: local people affected Figure 3-6: Road damage 

 

   

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-9: Photographs of natural disaster in Askot landscape (2013). 
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4 BASE LAYERS & THEMATIC LAYERS 
 

BASE LAYERS 

 

4.1 Road and Settlement 

 

Roads of various descriptions connect nearly all towns of Uttarakhand. Although the 

central and southern portions are served by several national highways, the northern 

border zones are not connected by official roads at all; rather, an extensive network of 

mountain trails links the villages with nearby towns. Settlement is also called built - up 

area and is defined as an area of human habitation developed due to non-agricultural 

use and that has a cover of buildings, transport and communication, utilities in 

association with water, vegetation and vacant lands. Rural built - up areas are smaller in 

size, mainly associated with agriculture and allied sectors and non - commercial 

activities with population size less than 5000, generally lack supporting facilities that 

are unique to urban areas like hospitals, industries (large and medium scale), 

institutional, etc.(NRSA, 2006) 

 

Road has been categorized as Metalled, Non-metalled and others as followed in SOI 

(Table 4-2). Others consist of pathways like cart-track, pack-track and footpaths. Roads 

were digitized from SOI toposheets of 1: 50000. Digitization error like node errors were 

corrected for each of the GIS layers. Edge matching was done before mosaicking of 

sheets. The digitized road was overlaid on geometrically corrected satellite data of IRS 

P6 LISS III for the year 2011 to update the roads previously digitized with SOI 

toposheets. The point locations of Settlements from SOI toposheets were picked at 

1:50000 scale. The boundaries of villages for the landscape were not available. Road 

and settlement map is depicted below in Figure 4-1.  

 

Within the landscape there are two main roads Munsyari - Madkot motor road running 

along the Gori River and Delhi – Dharchula highway running along the Kali River. In 

the remote areas the accessibility is difficult and people are more dependent on the 

traditional mode of Yak, Horses, Mules and Sheeps. During the field visit at various 

places, incidence of road cutting was also observed. Future infrastructure development 

might see a growth in the number of roads, therefore, causing increased disturbance to 

biodiversity. Settlements is observed to be maximum near the river side and the roads. 

Low density clusters of settlements are seen in the higher altitudes while higher density 

clusters near the rivers possibly because of easily available resources and infrastructure.  

Most of them were located in Gori followed by Dhauli, Dharchula and Kutti (Table 4-

2). The settlements were found in different altitude and spread across various sub 

watershed (Table 4-1). The number of villages were maximum, 184 between the 

elevation ranges of 1000 - 2000m followed by 97 in 2000 - 3000m, 81 between 3000 - 

4000, 59 between 4000 - 5000m, below 1000 there were 45 settlements (Figure 4-2).  
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Table 4-1: Settlements/hamlets in each Sub - watershed 

Sub – Watershed No. of Settlements 

Gori 248 

Dhauli 81 

Dharchula 80 

Kutti 59 

Total 468 

 

 

 
Table 4-2 Length of different road categories 

Road Length (km) 

Metalled 32.941 

Non-metalled 82.129 

Others 1255.575 

 

 
 

Figure 4-1 : Askot wildlife sanctuary, Road & Settlement - Askot landscape 
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Figure 4-2: Askot Wildlife Sanctuary, Road and Settlement with elevation 

 

4.2 Drainage 

 

Accurate knowledge of the extent of the water body, quantity of water stored and 

quality is essentially required for making sound decisions for various activities: 

irrigation, fishing, etc.  The Askot landscape has perennial snow and glaciers cover. 

The drainage system in the landscape forms the part of upper Ganga basin where many 

important rivers originate.  

 

The major rivers flowing in the landscape are Kali and Gori River. Kali forms the 

border of the landscape and has a length of 96.14 km. It receives water from other 

rivers and tributaries. Originating from Trans - Himalayan zone it forms continuous 

border with Nepal from Kalapani to Tanakpur. It runs in the South-Eastern direction 

forming the serpentine hilly course and meets river Gori at Jauljibi. Kutti - Yangti River 

originates from Parvati Tal near Chhota Kailash and meets Kali River at the place 

named Gunji. It is placed in the extreme North - East region of the landscape and forms 

the main river in Kutti basin. Dhauliganga River is formed at the confluence of Lissar 

Yangtr and Darma Ganga rivers. It forms the Dhauli drainage basin which joins Kali 

River at Tawaghat. Gori Ganga forms the largest drainage basin in the landscape. 

Running in the North - westerly direction it forms the Western and North - Western 

boundary of the landscape.  
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Digitization of the drainages was done from the Survey of India toposheet of 1:50000. 

The drainage was then updated from IRS P6 LISS III satellite data. Rectified satellite 

image of LISS III for the year 2011 is used. The layer of drainage was overlaid on the 

satellite data and each stream is updated (Figure 4-3). The schematic of drainage system 

is given below Figure 4-4. 

 

Strahler system of stream (Das, Modal, Das, & Ghosh, 2010), ordering was followed in 

the landscape. In this method, all links without any tributaries are referred as first order 

(Figure 4-5). When the two first order streams meet a junction it is referred as second 

order stream. When two second order streams joins downstream of junction it is 

referred as third order. However when a lower order stream will join a higher order 

stream the downstream will retain the higher number. The streams of the drainage of 

Askot Landscape is classified till the third order (Table 4-3). 

 

 

 
Figure 4-3 Flowchart for digitization and updating of drainage 
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Table 4-3: Categories of drainage/ order 

Stream order Category 

1 order Other Streams 

2 order Main River 

3 order Major River 

 

 
Figure 4-4: Drainage map- Askot landscape 

 

DRAINAGE PATTERN AND TEXTURE 

 

The drainage pattern on the satellite images are the indicators of landform, bedrock type 

and soil characteristics (Lillesend, Kiefer, & Chipman, 2004). The drainage show 

dendritic pattern, a well-integrated pattern formed by a main stream with its tributaries 

branching and re - branching in all direction (Figure 4-5). Coupled with drainage 

pattern is the drainage texture. The landscape has fine textured drainage. It develops 

where the soils and rocks have poor infiltration and high surface runoff. Thus making 

the area prone to surface erosion (Lillesend, Kiefer, & Chipman, 2004). 
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Figure 4-5 : Dendritic pattern of the drainage and Stream order classification 

 

MORPHOMETRIC ANALYSIS 

 

Morphometry is the measurement and mathematical analysis of the configuration of the 

earth's surface, shape and dimension of its landforms (Hajam, Hamid, & Bhat, 2013). 

The morphometric analysis of the drainage basin and channel network play an 

important role in understanding the geo - hydrological behaviour of drainage basin 

(Hajam, Hamid, & Bhat, 2013). The morphometric parameters are categorized as linear, 

aerial and relief and mentioned in Tables 4-4, 4-5, 4-6, and 4-7 for each sub-watershed 

of the landscape. 

 

Linear Morphometric Parameters 

 

Stream order: stream ordering is a method of assigning a numeric order to links in a 

stream network. It is a method of identifying and classifying types of streams based 

upon their number of tributaries. Some characteristics of streams can be inferred by 

simply knowing their order  
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Stream length: stream length is indicative of chronological developments of the stream 

segments (Hajam, Hamid, & Bhat, 2013). Stream length is more in the first order and 

decreases with increase in the order. 

 

Mean stream length: indicative of the drainage size, it is calculated by dividing the total 

stream length of order by the numbers of stream segments in the order. 

 

Stream length ratio: it is the ratio of the mean length of order to the next lower order of 

the stream.  It has important relationship with surface flow, discharge and erosional 

stage of the basin. 

 

Bifurcation ratio: it is the ratio of the number of stream segments of given order to the 

number of segments of the next higher order. High bifurcation ratio indicates potential 

of flash floods during storm events in areas in which these stream orders dominates.   

 

Areal Morphometric parameters 

 

Drainage Density: It determines the time travel by water. It is the ratio of total stream 

length of all orders and the area of the basin. High drainage density reflects a highly 

dissected drainage basin with a relatively rapid hydrological response to rainfall events, 

while a low drainage density means a poorly drained basin with a slow hydrological 

response. Therefore it controls the factor of surface runoff. 

 

Drainage Frequency: It is the ratio of total number of streams of all orders and the area 

of the basin. Lower frequency corresponds to lower runoff and, therefore, lesser 

chances of flooding.  

 

Relief Morphometric parameters 

 

Basin Relief: Basin relief is an important factor for understanding the geomorphic 

processes and landform characteristics. It is the ratio between the maximum and 

minimum elevation of the basin. Low basin relief is observed in plain areas and high in 

the mountainous region. 

 
Table 4-4: Linear morphometric analysis of Gori Sub – watershed (Area - 190.2 km2) 

Description Stream 

Order 

Length 

(km) 

No. of 

Stream 

Mean Stream 

Length 

Stream Length 

Ratio (RL) 

Bifurcation 

Ratio 

Main River 3 206.06 24 8.59 1.55 - 

Major River 2 937.17 169 5.55 6.07 4.55 

Other 

Stream 

1 3270.12 3579 0.91 - 21.18 
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Table 4-5: Linear morphometric analysis of Dharchula Sub – watershed (Area – 223.65 km2) 

Description Stream 

Order 

Len- 

gth 

(km) 

No. of 

Stream 

Mean Stream 

Length 

Stream Length Ratio 

(RL) 

Bifurca-tion 

Ratio 

Main River 3 85.32 2 42.66 11.82 - 

Major 

River 

2 147.9

2 

41 3.61 5.03 20.50 

Other 

Stream 

1 492.0

6 

686 0.72 - 16.73 

 
 

Table 4-6: Linear morphometric analysis of Dhauli Sub – watershed (Area – 223.65 km2) 

Description Stream 

Order 

Length 

(km) 

No. of Stream Mean Stream 

Length 

Stream 

Length 

Ratio (RL) 

Bifurcation 

Ratio 

Main River 3 181.91 11 16.54 2.83 - 

Major River 2 590.62 101 5.85 7.93 9.18 

Other 

Stream 

1 2226.5 3020 0.74 - 29.90 

 

 
Table 4-7: Linear morphometric analysis of Kutti Sub – watershed (Area – 988.96 km2) 

Description Stream 

Order 

Length 

(km) 

No. of Stream Mean Stream 

Length 

Stream 

Length Ratio 

(RL) 

Bifurcation 

Ratio 

Main River 3 191.97 5 38.39 8.35 - 

Major River 2 496.62 108 4.60 6.67 21.60 

Other Stream 1 1400.91 2034 0.69 - 18.83 

 

The trunk streams like Gori and Kali through which all discharge of water sediment 

pass is stream segment of highest order. Overall there are 9,709 streams in an area of 

4496.5 km2. The number of streams decreases as stream order increases. Stream length 

shows the sequential development of segments and indicate tectonic interval in the area 

(Hajam, Hamid, & Bhat, 2013). Within the study area total length of the stream is 

maximum in case of first order. It decreases with increase in the stream order in all the 

four drainage basins. 

 

The drainage density ranked in decreasing order for Dharchula, Gori, Dhauli and Kutti 

is 3.24, 2.30, 2.20 and 2.11, respectively (Table 4-8). Highest drainage density is found 

in Dharchula which indicates watershed composed of impermeable sub - surface 

material, sparse vegetation and mountainous relief. The lower drainage density like in 

Gori and Dhauli show watershed composed of permeable sub - surface material, good 

vegetation and low relief. High drainage density reflects rapid hydrological response to 

rainfall events while low drainage density reflects poorly drained basin with slow 

hydrological response (Romshoo, Bhat, & Rashid, 2012). Thus drainage density of 

Gori, Dhauli and Kutti contribute less to surface runoff as compared to Dharchula 

making it more prone to flooding as compared to others. 
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Table 4-8: Drainage density and frequency in sub - watersheds 

Sub - Waterswhed Drainage Density (km/km2) Drainage Frequency 

(per km2) 

Gori 2.30 1.96 

Dharchula 3.24 3.26 

Dhauli 2.20 2.30 

Kutti 2.11 2.11 

 

The drainage frequency ranked in decreasing order for Dharchula, Dhauli, Kutti and 

Gori is 3.26/km2, 2.30/km2 , 2.11/km2, 1.96/km2 (Table 4-8). Lesser the drainage 

density and stream frequency in a basin, the runoff is slower, and therefore, flooding is 

less likely to occur in such basins (Hajam, Hamid, & Bhat, 2013).  

 

MICRO-WATERSHED 

 

The Askot landscape is under Upper Ganga basin under Ghagara sub - basin. There are 

four Sub - watersheds in the study area. Gori-ganga is the largest constituting 1920.21 

km2 area (42.70%). Dhauli, 1363.33 km2 (30.33%); Kutti makes an area of 988.96 km2 

(21.99%) and Dharchula forms area of 223.65 km2 as shown in the Table 4-9 below. In 

total there are 62 microwatershed (MWS) out of which Goriganga has 22, Dhauli 20, 

Kutti has 15 and Dharchula has 4 micro-watershed (Figure 4-6).    

 
Table 4-9: Area in each Sub - watershed of Askot Landscape 

SWS (Sub – watershed) Area (km2) 

Dharchula 223.66 

Kutti 988.96 

Dhauli 1363.66 

Gori Ganga 1920.21 
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Figure 4-6: Micro- watershed map – Askot Landscape 

 

4.3 Forest Beat 

 

Reserve forest in Askot landscape occupies 270.29 km2 which is 6.04% of total 

geographical area of the landscape. Further, it has been divided into forest ranges which 

are distributed as forest beat or section for administrative purposes. 

 

The forest beat data has been collected from forest department of Uttarakhand and 

mapped on IRS P6 LISS III. Figure 4-7 represents the forest beat boundary. 

 
Table 4-10 : Forest beat area distribution 

Forest Range Forest Beat Area (km2) 

Askot range  Kanar 15.36 

Kurkheti 13.52 

Majthan  11.29 

North Daphia 10.87 

Payan 9.54 

South Daphia 10.42 

Dharchula Range Duk I 20.34 

Duk II 27.56 

Duk III 23.19 

Hiragomri 1 21.91 

Hiragomri 2 19.39 

Jluntipangu 21.30 

Sobala 18.56 
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Munsyari Range Madkot 15.21 

Sera 13.81 

Uccheti 17.99 

Total  270.29 

 

 
Figure 4-7: Forest Beat map - Askot Landscape 

 

4.4 Major Van Panchayats (VP) 

 

The present project seeks to mainstream biodiversity by adopting a landscape-level 

conservation approach, as against earlier approaches that fundamentally concentrated 

on Protected Areas (PA), and twine these conservation concerns with livelihood 

concerns. In this landscape the Van Panchayats would be the socio-economic arena 

within which these concerns would be played out.  

 

The Van Panchayats were initially instituted in 1931 under the Van Panchayat Act of 

1931, which followed as a result of the local protests and violence subsequent to the 

assertion of the colonial State’s monopoly over the forests in the region and the ensuing 

restrictions on their use by the local populations. This Act empowered village 

communities to create Van Panchayats and bring under their own control forestlands 

that were managed by the Revenue Department as Class I and Civil Forests.  

The database of existing Van Panchayat boundary of Askot landscape was retrieved 

from Satellite data of IRS P6 LISS III they were digitized. Here, the van panchayat map 

is not to scale (Figure 4-8). 
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Figure 4-8 Major van panchayat map - Askot landscape 

 

It can be seen in the map above, VP boundary in existing documents do not categorise 

the whole landscape. Future updating of the VP boundary for whole landscape work 

requires heavy negotiation and talks with panchayat heads which is intended in one of 

our objective and would help in conservation and management decisions at VP level in 

standings of BCRLIP. 

 

THEMATIC LAYERS 

 

4.5 Vegetation type 

 

Askot Indicative plan was referred containing the list of vegetation types present in the 

landscape. Champion and Seth's (1968) classification scheme was also corresponded as 

it follows a hierarchical approach wherein climatically driven forest ecosystems with 

distinct physiognomy and phenology are primarily classified as type groups. The 

vegetation classes are mentioned in Table 4-11.  The prepared vegetation list was 

discussed with the component specialists and a tentative list was finalized, later 

validated on ground for Gori Valley. The satellite based remote sensing data of IRS P6 

LISS III with other spatial information on slope, aspect, shape, size, tone, texture, 

shadow, altitude and association was used to delineate polygons using the interpretation 

key (Table 4-11).The mapping was carried out at 1:50000 scale. The data of October 

month was used for interpretation as the cloud cover is low. 

 

 



 
 

34 

 

Table 4-11: Vegetation type interpretation key 

S.No. Type Tone Texture Aspect Elev-

ation 

Associatio

n 

Correspondi

ng Forest 

type by 

Champion & 

Seth (1968) 

1. Alnus 

nepalensis 

(Uties) 

bright red in 

colour 

Wooly 

 

- 600 -

2000m 

Found 

near the 

streams, 

old 

landslide 

areas & 

screes. 

12/1S1: 

Alnus 

nepalen-sis 

Forests 

2. Shorea 

robusta (Sal 

Mix) 

Bright red Smooth - Below 

and 

1000m 

Lower 

areas close 

to the 

river. 

 

5B/C1a: Dry 

Sal Bearing 

Forests 

3. Pinus 

roxburghii 

(Pine) 

bright to dull pink Smooth South 1000-

2000 m 

Dry areas 

and steep 

slopes 

9/C1b: 

Himalayan 

Chir Pine 

Forest 

4. Quercus 

leucotricho

phora (Banj 

Mix) 

Dark red to pink Mediu

m 

North 

- 

South 

1300-

2000m 

In the 

damp 

ravines. 

12/C1a: Banj 

oak forest 

5. Quercus 

lanuginosa 

(Riyanj) 

Bright red to dark 

pink 

Smooth 

to 

rough 

North 1800 – 

2300m 

High 

lopping 

areas 

- 

 

6. Abies mix  

(Fir mix) 

Dark red or bright 

red 

Coarse North 1700 -

2000 m 

Cooler 

areas 

12/C1c:Mois

t Deodar 

Forest 

7. Quercus 

floribunda 

(Moru Mix) 

Dark red Woolly 

to 

smooth 

 2000 -

2500m 

Found in 

the damp 

climate 

2/C1b: Moru 

oak forest 

8. Quercus 

semecarpifo

lia(Kharsu) 

Red to bright red 

 

Smooth 

to 

medium 

North 

- 

South 

2400 - 

3300m 

Prefers 

south 

aspect and 

scrap 

slopes. 

12/C2a: 

Kharsu oak 

forest 

9. Mixed 

Broad Leaf 

Bright red Smooth 

to 

medium 

North - - - 

 

10. Betula-

Abies 

(Birch Fir) 

Greenish grey 

colour 

Coarse 

to 

rough 

NW-

N-NE 

3200-

4100m 

Found on 

the ridges 

and slopes 

where 

snow 

slides are 

not of 

frequent. 

12/C1b: 

West 

Himalayan 

Birch Fir 

Forest 



 
 

35 

 

11. Rhododendr

on 

(Rhododend

ron) 

Brown to dull red Rough North 3300 - 

4500 m 

Found in 

moist dry 

and arid 

zones of 

alpines 

areas. 

15/E1:Dwarf 

rhododendro

n scrub 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

Figure 4-9: Visualisation of ground truthing process and representation of photographs 

 

During the reconnaissance survey, traverses in areas with unique vegetation type were 

made. Interaction with component specialist and forest department officials were held. 

An understanding was gained on the prevailing phenology and locale specific 

vegetation types of the area.  A pre-field interpreted map overlaid on satellite FCC 

(False Colour Composite) was generated on photo glossy paper. Field details were 

noted directly on the map for post-ground truth corrections and modifications for 

compilation in the laboratory. On field the GPS locations were marked according to the 

land cover type. With the help of the compass the direction was determined. The 

photographs were captured to get the clear picture of the land surface in all four 

directions (North, South, East and West) which were later geo-tagged and the 

methodological approach has been represented in Figure 4-9.    

N 

S 

E W 
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The vegetation type map generated indicates alpine meadow dominating the landscape 

with only 16.64% of total area 4469.5km2, while birch fir and kharsu together occupy 

approximately 9 % of the landscape (Table 4-13). 

 

 
Figure 4-10: Vegetation Type-2011 Askot Landscape 

 

4.5.1 Visual Interpretation 

 

Based on the ability to interpret spectral reflectance differences and ground observation 

data the final classification used for vegetation type and other classification of mapping 

of the area is given as in Table 4-15. The satellite data with other spatial information on 

slope, aspect, forest classification was used to delineate polygons using the 

interpretation key Table 4-11. For reference, a visual representation of the classification 

scheme of LULC is provided. 

 

Uties (Alnus nepalensis): The altitudinal range is from 600-2000m. It is found near the 

permanent water supply as the strip of varying length near the stream. They are also 

found in newly formed shingle beds along the streams and landslide areas that are not 

too dry. It appears bright red in colour with wooly texture.  
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Plate 1: Depiction of uties on satellite data (2011) & ground 
 

Sal mix (Shorea robusta): The sal mix was found at around 1000m. They are confined 

in the lower areas close to the river. There are pure patches of sal near the lower valleys 

of Gori and Kali River. It frequently shows the mixing with other species as mixed 

patches of various size and shape. They appear as bright red in colour on the image. 

Mixing with Pinus roxburghii and Diploknemabutyraceae were observed in some 

areas. Species like Malotusphillipienesis, Sapuim insigne, Ficus semichordata etc. were 

also found in mixing with sal.  

 

 

 

 
 

 

 

 

 

Plate 2: Depiction of sal mix on satellite data (2011) and ground 

 

Chir Pine (Pinus roxburghii): This type of forest is generally found at the elevation of 

1000-2000 m. They can occur in almost all the geological formations which occur 

within its range. Also found in dry southern slopes where xerophytic conditions exist 

and forest fires are prevalent. In the northern aspect it is found in association with banj 

and other species. In all the chir forests the pine is sole dominant and usually found to 

be the only tree species present with practically no undergrowth. They seldom form 

very dense forests appearing as bright to dull pink in colour. Towards its lower limit 

chir passes into the forest of miscellaneous species and at times directly into sal forest.  

 

 

 

 

 

 

 

 

 

 

 

Plate 3: Depiction of pine on satellite data (2011) and ground 
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Banj Mix (Quercus leucotrichophora): At an elevation of 1300-2000m with more than 

50 % banj, it is found in the damp ravines and other favorable sites with the appreciable 

mixture of other deciduous trees contributing to the main canopy.  They are found on 

the south aspect but in the north aspect they form dense forests. They form dense 

understorey of other deciduous trees.  Rhododendron arboretum and Lyonia ovalifolia 

are the very common associates of banj sited in the field. Mixing with pine was also 

observed in some of the places. Others associates were Castanopsis tribuloides, 

Quercus glauca, Pyrus Pashia, Persea odoratissima, Myrica esculenta, Cinnamon 

tamala, Pgostemon plactranthoides, Berberis sp. The reflectance ofbanj mix forest 

varied between dark red to pink in colour depending on the aspect. 

 

 

 

 

 

 

 

 

 

Riyanj (Quercus lanuginosa): Found at 1800-2300m elevation. There are pure patches 

of riyanj forest and it occurs at times, in association with Quercus leucotrichophora, 

Quercus floribunda,Lyonia ovalifolia, Myrica esculenta, and rhododendron species. 

The leaves have high nutrient value thus heavily lopped 
 

 

 

 

 

 

 

 

 

 

 

 

Plate 5: Depiction of riyanj on satellite data (2011) & ground 
 

Fir mix(Abies mix): It is found at an altitude of 1700-2000 m on the cooler aspects. 

They can also be seen as high as 3000m. In the image they are seen as the dark red or 

bright red in colour. 

 

 

 

 

 

 

 

 

Plate 4: Depiction of banjmix on satellite data (2011) & ground 

Plate 6: Depiction of fir mix on satellite data (2011) & ground 
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Moru Mix (Quercus floribunda) 

Moru forest is found at the altitudinal range of 2000 -2500m. It forms the intermediate 

zone between the Banj and Kharsu. Found in the damp climate it forms luxuriant forest 

and finest moist temperate broadleaved forests. The canopy is generally thick with 

more than 50% constituting moru and forms a dense second storey composed of small 

trees and shrubs of varying sizes. The evergreen second storey is of Rhododendron 

arboreum, Ilex dipyrena, Aesculus indica, Castanopsis tribuloides, Acer spp., and 

shrubby undergrowth of Rubus, Spireae and Viburnum. 

 

 
Plate 7: Depiction of moru mix in satellite data (2011) & ground 

 

Kharsu (Quercus semicarpifolia): Khasru forest is found at an elevation of 2400 – 

3300m in south and north aspect. Kharsu forms 50% as dominant forest. The trees are 

hung with dark green-brown moss. It forms the dense thicket and do not have second 

storey. The lower limit is formed by moru and the upper limit is formed by 

rhododendron, fir and birch. They often form association with Rhododendron in the 

form of Krummholzand, Abies pindrow. Often it passes directly into the alpine pastures 

forming the tree line.  

 

 
Plate 8: Depiction of kharsu on satellite data (2011) & ground 
 

Mixed Broad Leaf: Mixed broad leaf consist of group of many species that are seen 

both in lower and higher altitudes. The species found are Malotus phillipienesis, 

Sapuim insigne, Bauhinia purpurea, Bauhinia vahlii, Colibrookia oppositifolia, 

Boehmeria rugulosa, Quercus leucotrichophora, Quercus glauca, Castanopsis 

tribuloides, Fucus semichordata, Lyonia ovalifilia, Myrica esculenta, Toona ciliate, 

Macaranaga pustulata, Syzygium cumini, Cinnamon tamala, Phyllanthus emblica etc. 

There are some of the weed species like Urtica ardens, Pgostemon plactranthoides, 

Osyris quadripartia, Boehmeria macrophylla.  In the higher altitudes there are mixed 

broad leaf with Acer species. They are found in proximity to oak forests in north facing 

slopes. It forms regular patches with red tone. 
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Plate 9: Depiction of morumix on satellite data (2011) & ground 
 

Birch Fir (Betula – Abies): It forms the sub-alpine forest at elevation of 3200-4100m. 

Generally found on the ridges and slopes where snow slides are not of frequent 

occurrence. It forms an irregular forest consisting of fir, birch and dense undergrowth 

of rhododendron. Kharsu may occur in association. They are generally found on the 

northern aspect and on the image it gives greenish grey colour.   

 

 
Plate 10: Depiction of birch-fir on satellite data (2011) & ground 
 

Rhododendron: It is found at an elevation of 3300 - 4500 m. It is found in moist dry 

and arid zones in association with birch and fir. They form large patches in the alpine 

areas.  Different species of rhododendron is found in different altitudinal zones. They 

form bright red distinct patches near the alpine region. 

 

 

 

 

 

 

 

 

Alpine Meadow: These are the lands that are exclusively formed of grasses and are 

called as alpine meadows and pastures. They are generally placed between coniferous 

forest and permanent snow covered areas. An alpine zone begins where the tree zone 

ends at the limit of the timberline. Altitude at which the alpine zone commences is 

variable and lies between 3300-5000m.  

 

 

 

 

 

Plate 11: Depiction of rhododendron on satellite data (2011) & ground 
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Plate 12: Depiction of alpine meadow on satellite (2011) & ground 
 

Scrub: This type is found on the fringes of dense forest and settlements. They are also 

formed due to abandonment of agricultural field. They appear in light red to dark brown 

in colour depending on the canopy cover and soil background. Their size will vary from 

small to big, irregular to discontinuous in shape, contiguous to non-contiguous in 

appearance 

 

 
Plate 13: Depiction of scrub on satellite data (2011) & ground 
 

Upper Temperate Grassy Slopes: Upper Temperate Grassy Slopes are found at an 

altitudinal range of 2200-2700m. They give dull red to greyish red tone and are 

generally present in the south facing slopes in the drier areas. It is frequently found in 

Dharchula along Kali River and is also scattered along Gori River. 

 

 

 

 

 

 

 

 
Plate 14: Depiction of upper temperate grassy slopes on satellite data (2011) & ground 
 

Lower Temperate Grassy Slopes: Grassy slopes at an altitudinal range of 1200 - 

2200m are Lower Temperate Grassy Slopes. They give dull red to greyish red tone and 

are generally present in the south facing slopes in the drier areas .It is quite prevalent 

above Dharchula along the Kali River and along Gori River they are seen near Madkot 

area. 
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Plate 15: Depiction of lower temperate grassy slopes on satellite data (2011) & ground 
 

Agriculture: These are the land used for farming and for production of food, fibre and 

other commercial and horticulture crops. For crops it includes area like irrigated and 

non - irrigated, fallow, plantation etc. Since in the study area it was difficult to 

segregate settlements with agricultural field at 1:50000 scale they were considered 

together. It appears in bright red to red grey in colour with varying shape and size in a 

contiguous to non-contiguous pattern.  In the hilly terrain they are scattered and are 

closely associated with houses. 
 

 

 

 

 

 

 

 

 

 

 

 

Plate 16: Depiction of agriculture on satellite data (2011) & ground 
 

Settlement (Built – up) : It is an area of human habitation developed due to non-

agricultural use and that has a cover of buildings, transport and communication, utilities 

in association with water, vegetation and vacant lands. In the satellite imagery it 

appears in cyan to grey in colour.  

 

 
Plate 17: Depiction of settlement on satellite data (2011) & ground 
 

Barren: These are rock exposures of varying lithology often barren and devoid of soil 

and vegetation cover. They appear in greenish blue to yellow to brownish in colour 

depending on the rock type. In the study area it mainly constitutes the areas in 

proximity to permanent snow and vegetation does not occur at all. 
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Plate 18: Depiction of barren on satellite data (2011) & ground 
 

Landslide: Landslide is defined as a downward movement of rock, earth or debris 

material. Landslides in the mountainous terrains are natural degradation processes, and 

one of the most important landscape building factors. In the satellite data it appears 

cyan to white in colour and was seen frequently in the area. 

 
Plate 19: Depiction of landslide on satellite data (2011) & ground 

 

Snow: These are the areas under perpetual snow cover confined to the Himalayan 

region. They appear bright white in colour depending on the moisture and thickness of 

the snow spread in large areas. They possess irregular shape with a contiguous pattern, 

located in mountain peaks and slopes and high relief areas. 

 
Plate 20: Depiction of snow on satellite data (2011) & ground 

 

Waterbody: This category comprises areas with surface water in the form of ponds, 

lakes and reservoirs. They appear as irregular in shape and are seen clearly on the 

satellite image in blue to dark blue or cyan colour depending on the depth of water. 
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Plate 21: Depiction of waterbody on satellite data (2011) & ground 
 

River 

This category comprises areas with surface water flowing in the form of river. These 

are seen clearly on the satellite image in blue to dark blue or cyan colour depending on 

the depth of water. River appears as long narrow to wide pattern associated with 

drainage pattern on hill slopes, flood plains or uplands at times with vegetation along 

the banks.  

 

 
Plate 22: Depiction of river on satellite data (2011) & ground 

 

 
Table 4-12: Vegetation type area 

S.No. Landuse / Landcover Area % Area (sq. km.) 

1. Alnus nepalensis (Uties) 0.13 6.03 

2. Shorea robusta (Sal Mix) 0.27 12.18 

3. Pinus roxburghii (Pine) 1.26 56.79 

4. Quercus leucotrichophora (Banj Mix) 2.90 130.52 

5. Quercus lanuginosa (Riyanj) 0.47 21.33 

6. Abies mix(Fir mix) 1.10 49.55 

7. Quercus floribunda (Moru Mix) 2.36 106.1 

8. Quercus semecarpifolia(Kharsu) 4.21 189.48 

9. Mixed Broad Leaf 1.58 71.09 

10. Betula-Abies (Birch Fir) 4.91 220.77 

11. Rhododendron (Rhododendron) 1.65 74.39 

12. Alpine Meadow 16.64 748.04 

13. Scrub 0.28 12.67 

14. Upper Temperate Grassy Slopes 3.08 138.6 

15. Lower Temperate Grassy Slopes 2.07 93.15 

16. Agriculture 1.07 48.01 

17. Settlement 0.80 0.8 
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18. Barren 27.70 1222.37 

19. Landslide 0.20 10.6 

20 Snow 27.20 1223.1 

21. River 1.30 60.2 

22. Waterbody 0.00 0.7 

 Total 100 4496.5 

 

 

4.6 Forest cover / Land use and Land cover change 

 

Additionally, the forest cover is a broad classification of the vegetation types and 

divided into 4 classes namely:  dense forest, moderately dense forest and open forest 

and scrub as is followed by Forest Survey of India (Table 4-11). The assessment of 

forest cover facilitates in managing and planning the forest resources.  India State of 

Forest report (FSI, 2011) define forest cover as "an area more than 1 ha in extent and 

having a tree canopy density of 10 percent and above. The visual image interpretation 

of satellite data takes into consideration the reflectance of the tree canopy.   

 
Table 4-13: Definition of different classes of forest cover 

Forest Cover Description 

Dense Forest (DF) All land with tree canopy density of 70% and above 

Moderately Dense Forest 

(MDF) 

All land with tree canopy density of 40 % and more but less 

than 70% 

Open Forest (OF) All land with tree canopy density of 10 % and more but less 

than 40% 

Scrub Degraded forest lands with canopy density less than 10% 

 
Table 4-14: Forest cover Interpretation key 

Forest Cover Crown Density Range Tone Texture 

Dense Forest (DF) >70 % Dark Red Smooth to 

wooly 

Moderately Dense Forest 

(MDF) 

40 -70 % Bright Red Smooth 

Open Forest (OF) 10 – 40 % Dull Red to 

pink 

Course to rough 

Scrub <10% Light pink Rough 

 

Satellite based remote sensing data of IRS P6 LISS III was used for forest cover 

mapping, LULC change and vegetation type map. The mapping was carried out at 

1:50000 scale. The data of October month was used for interpretation as the cloud 

cover is low. Delineation of the polygons is based on shape, size, tone, texture, shadow, 

slope, aspect, altitude and association the interpretation key is used for each type of 

maps is mentioned in Table 4-10 and 4-12.  
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Figure 4-11: Forest cover – 2011 – Askot Landscape 

 
Table 4-15: Area covered according to each forest cover class 

S.No. Cover Area % Area (sq.km) 

1 Dense Forest  395.3 8.8 

2 Moderate Dense Forest  237.7 5.3 

3 Open Forest  231.8 5.2 

4 Scrub  12.5 0.3 

5 Grasses  231.7 5.2 

6 Alpine  799.6 17.8 

7 Barren  1244.5 27.7 

8 Snow  1223.1 27.2 

9 River  60.2 1.3 

10 Landslide  10.6 0.2 

11 Settlement  0.8 0.0 

12 Agriculture  47.8 1.1 

13 Water body  0.7 0.0 

 Total 100.0 4496.5 

 

 

 The forest cover map indicates (Figure 4-11), for the year 2011, the landscape’s dense, 

moderate, and open forest cover as 8.8%, 5.3% and 5.3 % respectively while scrub 

covers only 0.3 % of the total geographical area of 4469.5 km2 (Table 4-14). The forest 

cover percentage distribution (Figure 4-12) along with the visual interpretation of the 
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map (Figure 4-11) indicates a wide disparity between the forest cover and non-forest 

area. 
 

 
Figure 4-12: Forest cover type area Percentage 

 

Further, to analyse the pattern of land use and land cover change of the Askot landscape 

a temporal analysis generated a LULC change map between the year 1990 and 2011 

(Figure 4-15), a 20 year change statistics was concluded following methodology 

depicted in the Figure 4-13. The LULC map for the year 2011 is the master map. A 

copy of this map was overlaid on 1990 satellite data. The two were registered with 

uniform projection parameters. Wherever the variation between the spectral reflectance 

in the satellite data and LULC map was observed the polygons were edited (Figure 4-

14).  

 

The process is repeated for each LULC class to generate a new set of polygons and 

therefore, a LULC change map is produced. The change statistics and confusion matrix 

has been generated to analyse to depict a rate of change and pattern of change, 

respectively, as can be seen in Table 4-15 and Table 4-16. 
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Figure 4-13: Flowchart depicting generation LULC and LULC change map. 

 

 

 
Figure 4-14: Visualisation of LULC change map - agriculture and settlement 
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In the resultant LULC change map, Snow and Barren forms the major class in the study 

area. Together they cover approximately 55% of the area thus making this remote 

landscape mostly remote with harsh weather conditions. The area covered by snow and 

barren land increase or decrease due to the seasonal changes. Therefore, the total areas 

covered within the two classes do not show significant change in 20 year time period. 

 

In close proximity to snow and barren area lies the alpine. They are generally placed 

between coniferous forest and permanent snow. Alpine meadows are the land covered 

with grasses forming extensive pastures. These are used by the livestock for grazing 

during the summer months when snow melts. As subjected to seasonal change there is 

no significant variation: 17.21% in 1990, 17.28% in 2011. Together with snow and 

barren, alpine covers approximately 70% of the area. River and water body show 

minute change or no change at all. There is decrease in the area of forest cover while 

agriculture and landslide show increasing trend from the year 1990 to 2011.. The 

statistics of landslide is 6.86 km2 area in 1990, and 10.63 km2 area in 2011. Significant 

change is seen in Settlement from 1990 to 2011.This increase in the area is mainly due 

to the expansion of the urban areas.  It is to be noted that within the landscape villages 

are scattered group of hamlets called toks in close association with agriculture. These 

are difficult to delineate spatially. Therefore only considerable urban areas are taken as 

settlement. The LULC change map is show in Figure 4-15. Rate of change in area 

(Figure 4-16) over 20 years clearly shows a high increase in surface water area with 

108.6% and highest decrease in snow covered area i.e. at a rate of 11.81% and second 

highest decrease in forest cover with 1.46% rate. 

 

The accuracy assessment of LULC of the study area for the year 2011 was performed 

whose accuracy has been calculated through the preparation of error matrix. Overall 

accuracy of Land use Land cover data was found to be 80%. Area less than minimum 

map able unit (mmu) could not be mapped.  
 

Table 4-16: Land use and Land cover change from 1990 to 2011 

CLASS 1990 2011 Change 

Area (km2) Area (%) Area  

(km2) 

Area (%) Area 

(km2) 

Rate of 

change in 

20 years  

(%) 

Forest Cover (Forest 

Cover+Grasses+Scru

b) 

1125.53 25.03 1109.05 24.66 16.48 1.46 % ↓ 

Agriculture 40.22 0.89 47.84 1.06 7.62 18.94 % ↑ 

Alpine 773.92 17.21 799.62 17.78 25.7 3.32 % ↑ 

Barren 1102.20 24.51 1244.52 27.68 142.3

2 

12.91 % ↑ 

Landslide 6.86 0.15 10.63 0.24 3.77 54.95 % ↑ 

River 59.93 1.33 60.22 1.34 0.29 0.48 % ↑ 

Settlement 0.59 0.01 0.78 0.02 0.19 32.20%  ↑ 
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Snow 1386.91 30.84 1223.10 27.20 163.8

1 

11.81% ↓ 

Waterbody 0.35 0.01 0.73 0.02 0.38 108.57%↑ 

Total 4496.49 100.00 4496.49 100.00   

 

 

 

 
Figure 4-15: Rate of change in the area over 20 years in the Askot Landscape. 
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Figure 4-16: LULC change between 1990 & 2001 - Askot Landscape 

 
Table 4-17: Change pattern from 1990 to 2011 in the respective LULC types 

S.No Year-1990 Year-2011 Area % Area (sq.km) 

1 Moderate Dense Forest Open Forest  0.3 12.3 

2 Open Forest Agriculture  0.0 0.6 

3 Open Forest Landslide  0.0 0.1 

4 Open Forest Snow  0.0 0.1 

5 Scrub Agriculture  0.2 7.0 

6 Scrub Barren  0.2 8.6 

7 Scrub Landslide  0.1 3.7 

8 Scrub Waterbody  0.0 0.2 

9 Alpine Snow  0.4 17.7 

10 Snow Open Forest  0.1 4.3 

11 Snow Alpine  1.1 49.0 

12 Snow Barren  5.6 249.8 

13 Snow Waterbody  0.0 0.1 

14 Barren Snow  2.7 121.7 

15 Agriculture Agriculture  0.9 40.2 

16 Alpine Alpine  16.7 750.5 

17 Barren Barren  21.8 980.5 

18 Dense Forest Dense Forest  8.8 395.3 

19 Grasses Grasses  5.2 231.7 

20 Landslide Landslide  0.2 6.8 

21 Moderate Dense Forest Moderate Dense Forest  5.3 237.7 

22 Open Forest Open Forest  4.8 215.2 
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23 River River  1.3 59.9 

24 Scrub Scrub  0.3 12.4 

25 Settlement Settlement  0.0 0.6 

26 Snow Snow  24.1 1083.6 

27 Waterbody Waterbody  0.0 0.4 

28 Agriculture Settlement  0.0 0.1 

29 Alpine Barren  0.1 5.6 

30 Landslide Scrub  0.0 0.1 

31 Moderate Dense Forest Agriculture  0.0 0.0 

32 Moderate Dense Forest Landslide  0.0 0.1 

33 Scrub River  0.0 0.3 

34 Scrub Settlement  0.0 0.1 

35 Scrub Snow  0.0 0.1 

  Total   100.0 4496.5 

 

4.7 Geology  

 

The Askot landscape forms a part of lesser Kumaon-Garhwal Himalaya, where the 

rocks of Almora nappe are thrust over the quartzite and limestone of Garhwal group, 

along the North Almora thrust. The geology map of Askot landscape was generated 

with ancillary data obtained from Geological survey of India and mapped using IRS P6 

LISS- III of year 2011 (Figure 4-17). The geological classification and the area 

distribution of the Askot landscape is depicted in Table 4-17. 

 

The geological classification is not discrete and therefore, the different formations 

overlap which results in total area to be more than 4469.5 km2. Consequently, the area 

percentage distribution has been calculated over the total Askot landscape area of 

4469.5 km2 (Table 4-17). 

 
Table 4-18:Geology classification and area distribution- Askot landscape 

S.no. Classes Area % Area (km2) 

1 Baijnath Formation-Gneiss; 6.40 288.06 

2 Bhilangana Formation-Undifferentiated Metamorphics 

(Schist, Gneiss, Quartzite, Amphibolite, Calc-silicate); 

21.27 956.46 

3 Dharamgarh Formation-Gneiss; 0.79 35.70 

4 Garbyang Formation (Summa Group)- 

Dolomite/Dolomitic Limestone, Sandstone/Sitstone & 

Shale; 

4.54 204.24 

5 Kuling Formation-Shale with minor 

Sandstone/Siltstone/Limestone; 

0.17 7.72 

6 Late Palaeoproterozoic Intrusives-Granite Gneiss (of 

Dharamgarh); 

0.50 22.49 

7 Martoli Group-Shale/Slate/Phylite with Quartzite; 16.03 720.96 

8 Muth Formation (Summa Group)-Quartzite with 

Dolomitic Limestone/Dolomite; 

0.25 11.37 
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9 Pithoragarh Formation (Garhwal Group)-

Dolomite/Limestone with Magnesite & Quartzite; 

14.36 645.74 

10 Ralam Formation (Summa Group)-Quartzite & 

Conglomerate Shiala Formation (Summa Group)-Shale 

with bands of Limestone/Dolomite; 

7.27 327.02 

11 Undifferentiated Liang Group-Limestone, Shale & 

Sandstone; 

7.98 358.95 

12 Undifferentiated Summa Group & Kanwar Group or 

Undifferentiated Ordovician-Devonian Formations of 

Kumaun Basin-Shale, Limestone/Dolomite, Quartzite, 

Sandstone, Siltstone & Conglomerate; 

0.38 17.21 

13 Variegated Formation (Summa Group)-Variegated 

Shales with Limestone 

2.21 99.44 

14 River 1.34 60.43 

15 Snow cover 34.08 1532.37 

 

 

 
Figure 4-17 : Geology map of Askot landscape 

 

4.8 Geomorphology 

 

Geomorphology is the study of the form of earth, its description and genesis (Waiker & 

Nilawar, 2014). It reflects various landforms and structural features. For Askot 

Landscape the geomorphology map was updated from ancillary maps of GSI using IRS 

P6 LISS III satellite image of 2011 (Figure 4-18).  
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Recently slided material and old slided material class will cause more incidences to 

landslide followed by structurally hill highly dissected and moderately dissected. Snow 

cover and water body class are least prone to landslide hazard. Occurrence of 

groundwater in structured hill highly and moderately dissected are least favourable 

while fractured and intermontane valley are most favorable for occurrence of 

groundwater. Consequently, Snow covered area has least probability of groundwater 

occurrence.   

 
Table 4-19 : Area distribution of geomorphology 

S.no. Geomorphology Area % Area (sq.km) 

1 Intermontanne Valley 2.0 89.2 

2 Fractured Valley 0.0 1.6 

3 Recently Slided Material 0.1 4.8 

3 Old Slided Material 0.0 0.9 

4 Structural Hill Highly Dissected 64.7 2909.1 

5 Structural Hill Moderately Dissected 4.7 212.8 

6 Snow covered Area 27.1 1217.3 

7 Waterbody 0.0 0.7 

8 River 1.3 60.2 

 Total 100.0 4496.5 

 

 

 
Figure 4-18 : Geomorphology map – Askot Landscape 
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4.9 Soil Type and Soil Depth 

 

Soil depth defines the root space and the volume of soil from where the plants fulfil 

their water and nutrient demand. Depth is measured from the soil surface.The type of 

soil based on the physical characteristic of each soil determines the amount of soil 

erosion (Peng, Zhou, He, & Yang, 2008).  Generally soils with faster infiltration rates, 

higher levels of organic matter and improved soil structure have a greater resistance to 

erosion. 

 

The geospatial layer of soil was created using soil map by NBSSLUP and satellite data 

IRS P6 LISS- III of year 2011.  Soil units were digitized and the attribute table is filled 

with the information (Figure 4-19 and 4-21). The scale is undefined. The soil type and 

depthhas been recognized as four categories: Typic Dystrochrepts ( moderately deep); 

Typic Udorthent (moderately shallow to deep); Lithic Udorthents (very shallow to 

shallow); Lithic Cryorthents (very shallow); Typic Cryorthents (moderately 

shallow)and area distributed as 5 %, 28%, 51% and 16% respectively, depicted in 

Figure 4-20.  

 
Table 4-20 : Soil type Classification 

S.no. Soil type Area (%) Area (km2) 

1 Lithic Cryorthents  0.09 4.10 

2 Lithic Udorthents  13.11 589.65 

3 Typic Cryorthents  3.95 177.86 

4 Typic Dystrochrepts 1.17 52.96 

5 Typic Udorthents 11.82 531.74 

6 Glaciers 3.20 144.02 

7 Rock  Outcrops 66.55 2992.75 

8 Others 0.07 3.39 

 Total 100 4496.5 
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Figure 4-19: Soil type map of Askot landscape 

 

 
Table 4-21: Soil depth classification 

S.no. Classes Area % Area 

1 Deep 9.44 422.03 

2 Moderately Deep 1.18 52.96 

3 Moderately Shallow 6.43 287.57 

4 Shallow 8.18 365.68 

5 Very Shallow 5.10 228.08 

6 Glaciers 3.22 144.02 

7 Rock outcrops 66.95 2992.75 

8 Others 0.07 3.39 

 Total 100 4469.5 
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Figure 4-20 : Soil depth map - Askot landscape 

 

4.10 Digital Elevation Model (DEM), Relief, Slope, Aspect 

 

ASTER 30 m DEM was used for the generation of a DEM for Askot Landscape. The 

original data is processed to fill sinks in the DEMs using Arc Map. Further, using 

spatial analysis tool in ArcMap of slope, aspect, relief map was automatically generated 

(Figure 4-22, 4-23, 2-24, 4-25). Slope and Aspect are important triggering factors that 

determine the hazardousness of an area (Chandel, et al., 2011). Higher slope values 

represent steeper terrain while lower slope values represent flatter terrain. Further, In 

low to moderate slopes the runoff is slow allowing more water to percolate while in 

steep slopes the runoff is high and less infiltration occurs and has poor groundwater 

potential (Waiker & Nilawar, 2014). The aspect has significance in understanding the 

slope stability (Chandel, et al., 2011). Usually southeast (SE) to south (S) and 

southwest (SW) slopes are comparatively more prone to slope failure and sliding 

activities in Himalayas (Chandel, et al., 2011). 

 

The range of elevation of the Askot landscape is 575m to 7340m. The generation of 

DEM allows us to analyse and construe the nature of an issue, with regards to elevation 

profile correlated to the landscape. Further, DEM as input Relief, Slope and Aspect was 

generated. Relief map depicts the elevation range with their areal profile. Maximum 

number of slope varies between 15-60 degrees. And aspect identifies the downslope 

direction of the maximum rate of change in value from each cell to its neighbours. It 

can be thought of as the slope direction. 
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Figure 4-21: Digital Elevation Model map -Askot landscape 

 

 

Table 4-22: Relief classes and area distribution 

S.No. Classes Area % Area (sq.km) 

1 0-1000 0.9 38.9 

2 1000-2000 6.3 282.6 

3 2000-3000 11.1 499.3 

4 3000-4000 19.7 887.9 

5 4000-5000 36.0 1620.5 

6 5000-6000 25.0 1126.0 

7 6000-7000 0.9 41.4 

 Total  4496.5 
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Figure 4-22: Relief map of Askot landscape 

 

 
Figure 4-23: Slope map - Askot landscape 
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Figure 4-24: Aspect map - Askot landscape 

 

4.11 Potential Distribution of Select Mammals and Birds 

 

Following reconnaissance and questionnaire surveys of the local people, the potential 

indicators for biodiversity monitoring was identified and mapped which can be found in 

Phase – I reports of Birds and Mammals. The reports give details of distribution about 

the indicator species with respect to elevation range and habitat type and may also be 

referred for the following investigation: List of villages surveyed along Gori river basin 

in Askot Landscape; List of villages surveyed along Dhauli river basin in Askot 

Landscape; Details of Phasianidae species found in Askot Landscape (Madge and 

McGowan, 2002); etc.  

 
Table 4-23: Potential distribution of select mammals and birds 

S. No. Potential distribution Mammals Potential distribution birds 

 

1 Leopard (Panthera pardus) Chukar (Alectoris chukar 

2 Snow Leopard (Uncia uncia) Black Francolin (Francolinus francolinus) 

3 Asiatic Black Bear (Ursus thibetanus) Snow Partridge (Lerwa lerwa) 

4 Indian-crested Porcupine (Hystrix 

indica) 

Hill Partridge (Arborophila torqueola) 

5 Royle's Pika (Ochotona roylei) Rufous-throated Patridge (Arborophila 

rufogularis) 
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6 Blue Sheep/Bharal (Pseudois nayaur) Satyr Tragopan (Tragopan satyra) 

7 Himalayan Tahr (Hemitragus 

jemlahicus) 

Himalayan Monal (Lophophorus impejanus) 

8 Himalayan Serow (Capricornis thar) Kalij Pheasant (Lophura leucomelanos) 

9 Himalayan Goral (Naemorhedus 

goral) 

Koklass Pheasant (Pucrasia macrolopha) 

10 Himalayan Musk Deer (Moschus 

leucogaster) 

Himalayan Snowcock (Tetraogallus 

himalayensis) 

11 Barking Deer (Muntiacus muntjak) Cheer Pheasant (Catreus wallichi) 

12 Wild Pig (Sus scrofa)  
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5 DERIVED LAYERS 
 

5.1 Groundwater Potential 

 

The landscape due to its terrain represent a complex hydrogeological set up underlain 

by aquifers made up of rock types where the occurrence of groundwater varies radically 

in time and space. The primary source of recharge for these aquifers are springs, rivers 

and melt water from glaciers. Access to water for both drinking and irrigation is one 

area of concern. The derived groundwater potential map has been made to understand 

the interrelation of biodiversity and rural population along with suggestion for 

sustainable management of ground water in the landscape.  

 

In India, more than 90% of the rural and nearly 30% of the urban population depend on 

groundwater for meeting their drinking and domestic requirements (Reddy et al.,1996). 

Thus, groundwater is emerging as a formidable poverty reduction tool in developing 

countries and can be delivered to poor communities far more cheaply, quickly and 

easily than the conventional canal irrigation water (IWMI, 2001).  

 

The groundwater potential zones for the study area were generated through the 

integration of various thematic maps viz., geomorphology, slope, aspect, and land-use 

land-cover using remote sensing and GIS techniques (Figure 5-2). The demarcation of 

groundwater potential zones for the study area was made by grouping of the interpreted 

layers through Index overlay method. Each category was ranked 1-10 with 10 being 

most favourable. Similarly each theme was also weighted 1-10 with 10 being most 

favourable. Table 5-1 provides the details used to rank and weight to different 

categories of layers based on expert opinion. 

 

The groundwater potential zones can be categorized into 5 classes namely - very low, 

low, moderate, high and very high (Table 5-2).  Only 2.20 % area is under very high 

potential and 34.94% area is seen to be of high potential zones due to the distribution of 

the water body, forest covered land and agricultural land with high infiltration ability. 

Moderate zone forms 35.74% of the total area, present in the southern part and at both 

higher and lower elevation of the landscape. The Low potential zone covers an area of 

18.94% and 8.18% area as the Very low Potential zone which are mostly in the upper 

reaches of the study area mainly covered with snow.  
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Figure 5-1: Flowchart for groundwater potential zonation mapping 

 
Table 5-1: Ranks and weights to different categories of layers 

Theme Weight Features Rank 

Geomorphology 6 Fractured Valley 8 

Intermontanne Valley 8 

Old slided Material 5 

Recently Slided Material 6 

Structural Hill Highly Dissected 5 

Structural Hill Moderately Dissected 6 

Snow Covered Area 0 

River 10 

Waterbody 10 

Landuse 6 Alpine 3 

Barren 3 

Snow 0 

Scrub 4 

Settlement 5 

Dense Forest 6 

Agriculture 7 

Moderate Dense Forest 6 
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Landslide 5 

Open Forest 5 

 Grasses 4 

River 10 

Waterbody 10 

Aspect 6 Flat 8 

North 6 

North East 5 

East 5 

South East 5 

South 6 

South West 5 

West 4 

North West  3 

Slope 5 0 to 5 degrees 7 

5 to 10 degrees 6 

10 to 15 degrees 5 

15 to 30 degrees 4 

30 to 45 degrees 4 

45 to 60 degrees 2 

60 to 90 degrees 1 

 

 

 
Table 5-2: Area under different categories of groundwater potential zones 

S. No. Classes Area % Area (sq.km) 

1 Very High 2.2 98.8 

2 High 34.9 1571.2 

3 Moderate 35.7 1607.1 

4 Low 18.9 851.5 

5 Very low 8.2 367.9 

 Total 100.0 4496.5 
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Figure 5-2: Groundwater potential map – Askot landscape 

 

5.2 Erosion Intensity 

 

Soil erosion is one of the most important environmental problems and it remains a 

major threat to the land use of mountainous environment (Peng, Zhou, He, & Yang, 

2008). The assessment of soil erosion hazard is essential for soil conservation plans in a 

mountainous region for sustainable development (Peng, Zhou, He, & Yang, 2008).  

 

The erosion intensity map for the landscape were generated through the integration of 

various thematic maps viz. LULC, soil, slope, aspect using remote sensing and GIS 

techniques (Figure 5-3). The erosion intensity zones were obtained using Index Overlay 

method. Each category was ranked between 1 and 10 with 10 being most favorable. 

Similarly each theme was also weighted between 1 and 10 with 10 being most 

favorable. Table 5-3 provides the details used to rank and weight to different categories 

of layers based on expert opinion. 

 



 
 

66 

 

 
Figure 5-3: Flowchart depicting generation of Erosion mapping 

 
Table 5-3: Ranks and weights of different themes in erosion mapping 

Theme Weight Features Rank 

Landuse 6 Alpine 3 

Barren 7 

Snow 0 

Scrub 8 

Settlement 5 

Dense Forest 2 

Agriculture 3 

Moderate Dense Forest 4 

Landslide 9 

Open Forest 6 

 Grasses 5 

River 0 

Waterbody 0 

Soil 8 Glaciers 0 

Rock  Outcrops 2 

Loamy Soils 4 

Mesic, Sandy-Skeletal Soils 6 

Sandy-Skeletal Soils 3 

Mesic, Coarse Loamy Soils 5 
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Thermic, Loamy Soils 5 

Mesic, Loamy Soils 4 

Thermic, Sandy-Skeletal Soils 7 

Thermic, Coarse Loamy Soils 6 

Thermic, Loamy-Skeletal Soils 5 

Slope 5 0 to 5 degrees 3 

5 to 10  degrees 4 

10 to 15 degrees 5 

15 to 30 degrees 7 

30 to 45 degrees 8 

45 to 60 degrees 6 

60 to 90 degrees 2 

Aspect 3 Flat 2 

North 3 

North East 3 

East 4 

South East 5 

South 6 

South West 5 

West 4 

North West  3 

 

 

 
Figure 5-4: Erosion intensity map of Askot landscape 
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Table 5-4: Distribution of area under potential erosion zones 

S.no. Classes Area % Area(km2) 

1 Very High 5.6 253.0 

2 High 31.1 1400.2 

3 Moderate 30.1 1354.2 

4 Low 26.7 1200.2 

5 Very low 6.4 288.9 

  Total 100.0 4496.5 

 

Potential erosion intensity zones can be categorized into 5 categories namely Very low, 

low moderate, high and very high (Table 5-4). The analysis shows that 31.14% of the 

total area is under high risk of erosion occurrence covering most of the area in the 

landscape. Moderate erosion constitutes 30.12% of the total area. The area is scattered 

all over the study area in each altitudinal class. Low class forms 26.69% of the area 

while very low forms 6.43% of the area. The two classes are mostly confined high 

altitude regions with permanent snow.  High risk of erosion makes 5.49% of the area. It 

is mostly confined to south eastern region. Very high risk areas forms 5.63% and is 

scattered in pockets in the landscape. 

 

Along the Gori River, Tham, Toli, Chami are under risk of very high erosion classes 

below 1000 m elevation. Between the altitudinal range of 1000 - 2000m have Payyan 

Pauri, Bhajani Malli, Gathkuna Talla, Gathkuna Malla, Sanialgaon, Maitalli, Kanar, 

Samalgaon, Jara, Lumsi, jibli, Robali, Baikot, Bangapani, Silang, Sirtola, Ghangali, 

Muniyalpani, Binoi, Umdanda, Phaltiyar, Kolanga, Gaila, Mungradhar, Jemiyadharnare 

are under  very high risk classes. Ranges of 2000 - 3000m the settlements Bhatbhata, 

Dwari, Guryoni, Kharing, Tomik, Ratapani, Nirtoli, Dhilam are under very high risk.   

 

Along the Kali River, Biniagaon, Balwakot, Chharchhum, Chhatia, Galati, Hat, 

Gwalgaon and Dharchula are settlements below 1000m which are in very high risk of 

erosion. The maximum number of settlements under very high risk zone are between 

the range of 1000 - 2000 like Pachkana, Chunargaon, Khumti Malli, Basaura, 

Bansdhar, Lekh Salya, Bajani, Raunjhar, Ramtoli, Mokana, Kotma, Rupkhet, 

Dhamigaon, Toli, Bawanti, Kaphalsain, Syalkola, Upa, Chhana, Tarkot, Taboban, 

Kurkheti, Lek Ranthi, Borgaon, Chetama, Ranthi, Jumma, Jamani, Chharkala, 

Syankuri, Dhurakot, Sisna, Tawaghat, Khela. In between 2000 - 3000m Karta, 

Umchiya, Gam, Naya, Yunchikang are under very high risk. 

 

5.3 Landslide Hazard Zonation 

 

Landslide activities are intimately associated with the tectonic active Himalayan 

Mountains (Shankar et al. 1995, Chauhan et al, 2010). It can be disastrous with massive 

destruction to life and property and may lead to large scale landscape transformation. 
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All the thematic layers viz. geomorphology, soil depth, slope, aspect of the causative 

factors were integrated and their weighted overlay analysis generated a landslide hazard 

zonation map (Figure 5-5).The landslide hazard zones were obtained using Index 

overlay method. Each category was ranked between 1 and 10 with 10 being most 

favorable. Similarly each theme was also weighted between 1 and 10 with 10 being 

most favorable. Table 5-5 provides the details used to rank and weight to different 

categories of layers based on expert opinion. 

 

The landslide hazard zones are categorized into 5 categories namely very low, low, 

moderate, high and very high (Table5-6). The analysis shows that 37.06% of the total 

area is under moderate risk of landslide occurrence covering most of the area in the 

landscape. About 27% of the area is under high risk of landslides. These areas are 

scattered all over the landscape. Low risk constitutes 21.22% of the total area while 

10.16% of the total area is under very low risk of landslide. These two categories are 

mostly found in high altitude areas of permanent snow and glaciers. Very low class is 

also observed in the area near waterbody and river/streams which are devoid of 

landslide risk. 4.69 % is under very high risk of landslide mostly confined to the 

western and south western parts of the landscape.  

 

The very high risk areas along the Gori River are confined to the west and south west 

part of the landscape. Settlements under very high risk below 1000 are Bijaisar, Manali, 

Tham, Sirar, Sainigaon, Bandarkhet, Thaura and Malla Sain. Between an altitude of 

1000 - 2000m settlements like Paton, Buin, Ugrali, Phalyanti, Thal, Bata, Sirtola, 

Devibagar are under the very high risk while at an altitude of 2000 - 3000m settlements 

are under very high risk zones are Loinga, Dhilam, Uchhaiti, Buranthi, Kharing, Dwari, 

and Saga.  Along Kali River the areas of very high risk landslide zones are scattered as 

pockets. Below 1000m, Chharchhum, Chhatia and Dharchula while in the range of 

1000 - 2000m Taboban, Tarkot, Jumma, Jamku, Narayan asharam, Yunchikang, Maidu 

Garba, and between 2000 - 3000m Gam, Jibti are under very high risk zone. 

 

The intensification of human activities, encroachment to land, uncontrolled settlement 

and rampant expansion of roads adds to landslide vulnerability (Chandel, Brar, & 

Chauhan, 2011). Overlay of the road layer with zonation map shows that areas along 

the metalled and non - metalled road are under high risk. The areas with more number 

of cart and path tracks were also under the high and moderate to high risk zone. 

Overlay of the land use land cover on the landslide zonation map shows grassy areas 

(lower and upper temperate grassy slopes) has highest areas under risk. 22.81% of area 

is under very high risk while 54.25% area is under high risk. This is followed by the 

forest class which has 11.44% of area under very high risk while 44.39% of area is 

under high risk. 
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Figure 5-5: Flowchart depicting generation of Erosion mapping 

 
Table 5-5: Ranks and weights of different themes in Landslide Hazard Zonation analysis 

Theme Weight Features Rank 

Geomorphology 5 Fractured Valley 4 

Intermontannne Valley 3 

Old slided Material 8 

Recently Slided Material 9 

River 0 

Snow Covered Area 0 

Structural Hill Highly Dissected 5 

Structural Hill Moderately Dissected 4 

Waterbody 0 

Soil Depth 6 Glaciers 0 

Rock  Outcrops 2 

Very Shallow 3 

Shallow 4 

Moderately Shallow 3 

Deep  6 

Moderately Deep 7 

Aspect 6 Flat 1 

North 3 
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North East 3 

East 4 

South East 5 

South 6 

South West 5 

West 4 

North West  3 

Slope 5 0 to 5degrees 3 

5 to 10 degrees 4 

10 to 15degrees 5 

15 to 30degrees 7 

30 to 45degrees 8 

45 to 60degrees 6 

60 to 90degrees 7 

No Data   

 

 
Table 5-6: Area under different categories of landslide hazard zones 

S.No. Classses Area % Area (km2) 

1 Very High 4.7 210.7 

2 High 26.9 1208.1 

3 Low 21.2 954.4 

4 Moderate 37.1 1666.3 

5 Very Low 10.2 457.0 

  Total 100.0 4496.5 
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Figure 5-6: Landslide hazard zonation map - Askot landscape 

 

5.4 Disturbance Regime 

 

The anthropogenic influence on the landscape is a multifarious event through time that 

modifies landscapes, ecosystems, community and population structure, changing the 

substrata, the physical environment and, availability of resources (White and 

Picket,1985). Ecosystems are in a continuous state of change, either due to natural run 

or due to anthropogenic pressure. Factors namely poaching, grazing, invasive species, 

human-animal conflict, landslide, erosion, and climatic changes, and economic 

development contribute towards disturbance in the landscape.  

 

All the thematic layers viz. Road and settlement, erosion intensity, and landslide hazard 

zonation causative factors were integrated and their proximity analysis generated a 

disturbance regime map (Figure 5-6). The disturbance regime map of the landscape 

(Figure 5-7) shows that the disturbance is mostly concentrated in the vegetated area that 

can be seen as under High and medium covering 12% and 36% respectively.  
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Figure 5-7 : Flowchart depicting generation of disturbance regime map 

 

 

Table 5-7: Disturbance regime characterized area 

S.No Classes Area % Area(km2) 

1 High 12.6 568.5 

2 Medium 36.0 1619.3 

3 Low 21.5 965.5 

4 Non Forest 29.9 1343.2 

  Total 100.0 4496.5 
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Figure 5-8: Disturbance regimes map - Askot landscape 

 

5.5 Species Richness 

 

The habitat association was mapped for mammal and birds indicator species. The 

habitats could then acts as a surrogate for overall species richness.  

 
Table 5-8: Species - Habitat association for the mammal potential indicator species 

CLASSES HM

D 
AB

B 
HN

T 
SLP BK

D 
BS

P 
RL

P 
ICP WB

R 
HM

S 
CL

P 
HM

G 

Snow area             

Barren             

Alpine 

meadow 

            

Upper 

Temperate 

Grassy Slopes 

            

Lower 

Temperate 

Grassy Slopes 

            

Rhododendro

n 
            

Fir Forest              

Kharsu             

Riyanj and 

Moru mix 
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Banj Mix              

Mixed Broad 

Leaf 
            

Sub - Tropical 

Pine 
            

Sub - Tropical 

Sal 

            

Scrub             

Agriculture             

River             

HMD - Himalayan Musk Deer; ABB - Asiatic Black Bear; HNT: Himalayan Tahr; SLP - Snow Leapord; BKD: Black Deer; BSP: 

Blue Sheep; RLP: Royle's Pika; ICP: Indian Crested Porcupine; WBR: Wild Boar; HMS - Himalayan Serow; CLP - Comman 

Lepord; HMG - Himalayan Goral 

 

 

Table 5-9: Species Habitat association for bird indicator species 

CLASSES HM

S 

SN

P 

HP

D 

RT

P 

CH

K 

BF

L 

ST

P 

KP

T 

HM

M 

CH

P 

KH

P 

Snow area            

Barren            

Alpine 

meadow 
           

Upper 

Temperate 

Grassy Slopes 

           

Lower 

Temperate 

Grassy Slopes 

           

Rhododendro

n 

           

Fir Forest             

Kharsu            

Riyanj and 

Moru mix 
           

Banj Mix             

Mixed Broad 

Leaf 
           

Sub - Tropical 

Pine 
           

Sub - Tropical 

Sal 
           

Scrub            

Agriculture            

River            
HMS - Himalayan Snowckock; SNP - Snow Patridge; HPD - Hill Patridge; RTP - Rufous Throated Patridge; CHK - Chukar; BFL - 

Black Francolin; STP - Styr Tragopan; KPT - Koklass Pheasant; HMM - Himalayan Monal; CHP - Cheer Pheasant; KHP - Khalij 

Pheasant 

 



 
 

76 

 

Table 5-10: Species richness area distribution based on occurrence 

S.No Classification Area % Area (sq.km) 

1 High 28.1 1265.6 

2 Low 34.9 1568.2 

3 Medium 7.1 318.8 

4 Non Forest 29.9 1343.8 

 Total 100.0 4496.5 

 

 

 

 
 

Figure 5-9: Species richness map of Askot landscape 

 

5.6 Conservation Priority 

 

The conservation priority map generation followed a two-step process (Figure 5-9). The 

first step was to find out the habitat wise (Table 5-9 and 5-10) species richness of 

indicator species (Figure 5-9) and second was to map out the disturbance regimes 

(Figure 5-7). These maps were crossed to find out the conservation priority areas 

(Figure 5-11). The high priority areas are mostly confined along in the southern part of 

the landscape and scattered in small pockets along the river in the north. Along river 

Gori hamlets Dhilam, Paton, Khartoli, Golpha, Sera, Silang, Lumti and Baram are 

under high priority. River Kali Baluwakot, Chharchum, Galati, Tawaghat, Pangu are 

under high priority. From Dharchula the areas of high priority form the stretch of 20km.  
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Figure 5-10: Flowchart for creation of conservation priority areas 
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Table 5-11:  Area statistics of priority areas in the landscape 

S.No. Classification Area (%) Area(km2) 

1 High Priority 8.6 384.6 

2 Low Priority 34.9 1568.5 

3 Medium Priority 26.7 1200.0 

4 Non Forest 29.9 1343.5 

 Total 100.0 4496.5 

    

 

 

 

 
Figure 5-11: Conservation priority map of Askot landscape 
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6 BIODIVERSITY CONSERVATION AND RURAL 

LIVELIHOOD IMPROVEMENT: PLANNING THE WAY 

AHEAD 
 

6.1 Gaps in knowledge 

 

Detailed information on the bioresources is generally needed for proper documentation 

of the biological wealth of the country. As important it has been to focus on the 

environment, the humans have had a significant role in altering and maintain it, and 

therefore, the socio-economic status is a reflection of the knowledge of the people as 

well.   

 

In Askot landscape, it was noted that when people were asked about what they would 

do if they could not do agriculture any more, most of them replied labor work. The 

conditioning of the mind to believe that this is the only alternative available to them 

represents a critical perception of oneself. To find out an alternative systematic scheme 

that would benefit both the locals living and the biodiversity is a major a gap to be 

filled. The conventional methods of inventorisation fall short of the expectations. 

Therefore, there is a need to prioritize areas and methods for inventorization, several 

workers have used indicator species for community/ site biodiversity inventory. In 

order to achieve the targets one needs to find out the shortfalls in the approach to 

inventorization and biodiversity assessment. Mapping of location data in all inventory 

projects will strengthen the present database, it is desirable to document the location 

information with better technologies and equipment to minimize errors and also save 

time enhancing the efficiency of field surveys, as data collection is systematized and 

also avoid data loss and duplication. 

 

6.2 Monitoring biodiversity 

 

Conservation of biological resources is of paramount importance for the economic 

development and sustenance of life support systems not only for humans but also other 

organisms. It is a critical issue that the gene pool rich Indian subcontinent is general and 

India in particular are highly threatened due to the impact of globalization, climate 

change, and species loss and anthropogenic pressure. There is a need for robust and 

quality database of the biological diversity of species, community, ecosystem and; 

landscape levels for identification of the vulnerable ecosystems and risks to species. 

The present study generated 1:50000 scale vegetation type map, spatial disturbance 

regime, species richness and conservation priority areas maps using remote sensing and 

GIS (refer to the ATLAS).   

The study reveals several hitherto unknown features of the plant diversity and species 

distribution. There is an obvious need for monitoring the biodiversity in time and space. 

There is also a need for identifying hotspots of change in the natural habitats of Askot. 
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In the phase one of the BCRLIP we have covered the Gori valley of Askot landscape 

which has unlocked new directions for us to successfully achieve our objectives. 

Although the benefits of integrating GIS and remote sensing data for more effective 

ecological mapping and monitoring are many, the time, money and expertise required 

to take full advantage of the technology can be initially daunting. Ecological 

inventories have historically been conducted through field survey – a time-consuming 

and expensive endeavour, particularly when study sites are large and/or remote, and 

when long-term monitoring is a concern to resource managers (Rogan and Chen, 2004).  

Assessment of the biological diversity needs to be carried out at regular intervals to 

monitor the changes in the areas of high and very high biological richness using the 

methods followed in BCRLIP, that is involving the locals (all age group)in turn 

impressing the critical condition of the natural resources around them, which might a 

play a major role in poverty reduction and a better standard of living. This in turn will 

benefit the officials in holistic management of the landscape.  

The change maps showing trends could be overlaid on the bioclimatic envelope of the 

endemic and vulnerable species to study the impact on the species of change. This 

information, along with the predicted climate change scenario and field generated 

community level changes, will enable us to identify the vulnerable patches in the 

landscape to determine the loss of habitats and species.  

 

6.3 Spatial Decision Support System (SDSS) 

 

The integration of GIS and Internet technologies allows us to solve one of the most 

important problems inhibiting information utility: How to provide access to information 

and data without burdening end users with complicated and expensive software. SDSS 

is a perfect means of GIS data accessing, analyzing and transmission. The World Wide 

Web, FTP (file transfer protocol) and HTTP programs make it convenient to access and 

transfer data files across the Internet. The Internet provides GIS users easy access to 

acquire GIS data from diverse data source in distributed environment. It is a means for 

users to exchange data, conduct spatial analysis and present output in the form of maps.  

 

SDSS would allow decision making a transparent, lateral participatory process in tune 

with and would provide a platform for effective monitoring of developmental projects 

at two levels-District level administration and Community level (Van Panchayat and 

village level) - thereby improving governance and enforcing egalitarianism in decision-

making . The tentative tasks for SDSS would include but not limited to; 1) Spatial data 

preparation in interoperable format; 2) Feasibility, Requirement Analysis and 

Specifications; 3) Design and Schematics; 4) Coding; 5) Unit testing; 6) Integration and 

System testing; 7) Development of Graphical User Interface.  
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6.4 Ecosystem services valuation 

 

Ecosystem services are defined as services provided by the natural environment that 

benefit people. While there is no single, agreed method of categorizing all ecosystem 

services, the Millennium Ecosystem Assessment (MEA) framework is widely accepted 

and is seen as a useful starting point. Ecosystem services provide outputs or outcomes 

that directly and indirectly affect human wellbeing and these considerations can link 

well to taking an economic approach.   

 

The underlying case for the valuation of ecosystem services is that it will contribute 

towards better decision-making by ensuring that policy appraisals fully take into 

account the costs and benefits to the natural environment and by highlighting much 

more clearly the implications for human wellbeing while providing policy development 

with new insights. 

 

Some of these ecosystem services are well known, including food, fibre and fuel 

provision and the cultural services that provide benefit to people through recreation and 

appreciation of nature. Other services provided by ecosystems are not so well known. 

These include the regulation of the climate, purification of air and water, flood 

protection, soil formation and nutrient cycling. These are not generally considered 

within policy appraisal at present and represent an area where a greater and more 

systematic focus would be very useful 

 

Many indicators suggest that we are using the natural environment in a non-sustainable 

way. Ecosystems can be characterized as environmental assets that, like other capital 

assets, provide a flow of services over time. If these services are consumed in a 

sustainable manner, the capital can be kept intact. In recent decades, however, 

ecosystems have been under increasing pressure as a result of human activity; the MA 

found that ‘nearly two thirds of the services provided by nature to humankind are 

found to be in decline worldwide. In effect, the benefits reaped from our 

engineering of the planet have been achieved by running down natural capital 

assets.’ Valuing ecosystem services serves a number of purposes. Valuing the benefits 

– both current and future – from the natural environment illustrates its significant 

contribution to wellbeing and the high dependency of society on its ecological base. In 

one sense, the natural environment is of infinite value since it underpins and supports 

all human activity.  

 

Although guidance already exists to help capture some of these environmental impacts, 

using an ecosystem services framework potentially allows the analyst to capture the full 

range of environmental impacts more systematically, linking ecological effects to 

changes in human welfare. The database being generated in BCRLIP will give us an 

indication of the spatial extent of the richness and further these layers will be used as 

input in suitable models/software for quantification.  
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8 ANNEXURES 
 

Annexure 1: Notification No. 3239/X-2-2013-19(1)2002, dtd.: 25 July 2013 
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