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Abstract- Due to the ever-increasing demand on water resources, the pressure on its judicious utilization is also increasing. Besides 

being precious, this resource is also complex to manage on account of its dynamic behaviour. It implies that the response to a unit of 

precipitation input is dependent on the state of wetness of the land mass and the environment prevalent at that time. Therefore, the 

changing weather conditions as well as the spatial variability of land mass result in nonlinear behaviour of the response of the watersheds. 

The present work attempts to create a GIS database for  Kosi Watershed districts of Almora in Uttarakhand. It is extends between 290 

33’ 47’’ N to 290 52’ 20’’ N Latitudes and 79033’ 12’’ E to 790   48’ 11’’ E Longitudes in district Almora and cover an   area of 462.12 

sq.km. Located in the lesser Himalayan terrain. Within this watershed as many as 335 villages, many sub-urban areas and service as 

centers (Someshwar, Majkhali, Hawalbagh, Kosi, Chanoda, Kathpuriya, Sitlakhet, etc) and the Almora Town itself lie in the watershed. 

      For the study toposheet of the year 1966 the Kosi watershed, district Almora was used, Landsat satellite images of the study area 

were acquired the years 1990 and 1999.Both data are obtained from Global Land Cover Facility (GLCF).LISS III satellite image of the 

study was use of the year 2004, obtained from Centre of Excellence for NRDMS inUttarakhand Kumaun University SSJ Campus 

Almora.The entire digital database of the kosi watershed prepared with the help of ARC GIS Software which is user friendly and famous 

software developed by Environmental system research in corporate Redland California. Image classification through ERDAS (earth 

Resource data Analysis) software developed by Leica Geosystems geospatial Imaging, LLC 5051 Peachtree corners suite 100, Norcross, 

GA, 30092, U.S.A. 

        In this study area there are 17 micro watersheds.In the year 2004 forest covers was found in 55.22 percent area. About 30.24 per 

cent area was barren land. About 13.74 per cent area was Agriculture land .Almora urban area was covered by 0.80 per cent area. The 

Kosi Watershed  is divisible in four absolute relief zones varying between 1000-2700m, and in four categories of relief i.e., Low, 

Medium, High and Very high. Table 2 contains the distribution of area under different relief zones. Maximum area lies in the medium 

relief zone which includes 53.11 per cent of the total study area.   

 

Index Terms- GIS, Remote Sensing and Watershed GIS. 

 

I. INTRODUCTION 

he word watershed is supposed to have originated from German terminology ‘Wassershiede’.It is a geomorphic unit which defines 

as the area which contributes water to particular stream or a set of streams. It provides best way to measure water balance and 

response of various management in development activities. Watershed is a natural integration of all hydrologic process within its 

boundaries and therefore, is ideal unit for scientific management of water, land and bio-resources. The water, land and bio-resources of 

a watershed including the energy regime are highly inter-related. Sustainability is an important consideration. To achieve it social, 

economic, institutional and environmental factors have to be given due weightage, all these highlight the necessity for considering the 

watershed as a unit for planning.    In addition to the argument that a watershed is a logical and natural unit for natural resources 

management, it also is a unit for man- environment interaction and economic planning. 

           The space concept of development of water and land resources on watershed basis was first adopted and implemented by Damoder 

Valley Corporation in 1947 with setting up of a interdisciplinary Department of Soil Conservation. The idea got further boost during 

1957 when a series of paper on watershed were presented and discussed in Hazaribag organized jointly by the Food and Agricultural 

Organization of the United Nations and Government of India.At the national level, however, watershed management concept was 

introduced only during the Vth Plan for treating the watershed in the catchments of River Valley Projects for reducing sediment inflow 

into the big reservoirs. Another set of projects for watershed development in rain fed areas were funded by the World Bank, which 

subsequently was expended as National Watershed Development Project in rain fed areas.     

           Traditionally, watershed boundaries are drawn manually onto a topographic map. The person who draws the boundaries uses 

topographic feature on the map to determine where a divide is located. Today computer programs are also used to derive watersheds 
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from DEMs. Using computer technology, we can generate preliminary watershed boundaries in a fraction of the time needed for the 

traditional method (Chang, 2007). 

           Delineation of watersheds can take place at different spatial scales (Band et al. 2000). A large watershed may cover an entire 

stream system and, within the watershed, there may be smaller watersheds, one for each tributary in the stream system. Delineation of 

watersheds can also be area-based or point-based. An area-based method divides a study area into a series of watersheds, one for each 

stream section. A point-based method, on the other hand, derives a watershed for each select point. The select point may be an outlet, a 

gauge station, or a dam, whether area-or point-based, the automated method for delineating watersheds follows a series of steps, starting 

with a filled DEM (Chang, 2005). 

 

II. OBJECTIVE 

The fundamental objective of the present work develop watershed GIS which includes the study of the following. 

 

(1) Terrain analysis, i.e., Triangulated Irregular Network, Digital Elevation Model, Slope, Aspect and Drainage. 

(2) To study analysis Land use/Land cover pattern. 

(3) To create automatic watershed delineation. 

(4) To prepare GIS of Socio-economic Infrastructure (i.e. Education Centers, Health Centers, Roads.) 

III. STUDY AREA 

           The Kosi Watershed in district in district Almora encompassing an area 462.812 km2 and extends in between 290 33’ 47’’ N to 

290 52’ 20’’ N Latitudes and 79033’ 12’’ E to 790   48’ 11’’ E Longitudes in district Almora (Fig.1).Attitudinally the height of the 

watershed varies between 1000m and 2600m. The Kosi is one of the thickly populated valleys of the Himalaya. Within this watershed 

as many as 335 villages, many sub-urban areas and service as centers (Someshwar, Majkhali, Hawalbagh, Kosi, Chanoda, Kathpuriya, 

Sitlakhet, etc) and the Almora Town itself lie in the watershed.  

 

 
Fig.1: The location map of the Kosi Watershed, district Almora. 

IV. METHODOLOGY 

           For the study toposheet of the year 1966 the Kosi watershed, district Almora was used, Landsat satellite images of the study area 

were acquired the years 1990 and 1999.Both data are obtained from Global Land Cover Facility (GLCF).LISS III satellite image of the 

study was use of the year 2004, obtained from Centre of Excellence for NRDMS inUttarakhand Kumaun University SSJ Campus 

Almora.Figure.2 showing analytical procedures of the present study. 
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Fig.2: Flow charts showing analytical procedures of the present study. 

 

           Entire the digital database of the Kosi watershed prepared in ARC GIS Software. Which is user friendly and famous software 

developed by Environmental system research incorporate Redland California. In the Arc GIs software, an Arc Map module was used. 

In Arc Map 3D Analyst used the create the digital elevation model. Spatial Analyst tool use the create slope, aspect, and automatic 

watershed delineation. Image classification through ERDAS (earth Resource data Analysis) software developed by Leica Geosystems 

geospatial Imaging, LLC 5051 Peachtree corners suite 100, Norcross, GA, 30092, U.S.A.In this software I used the classification 

modules for the image classification for different years. 

 

V. RESULTS AND DISCUSSION 

Automatic Watershed Delineation 

           The final step is to delineate a watershed for each stream section. Watershed delineation was for the study area. In this study area 

there are 17 micro watersheds (Fig. 3.3).  The area of these watersheds is presented in the Table1. Maximum area of the watersheds are 

14 micro watershed situated in SW portion of the boundary while minimum area are 11 micro watershed. 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Watershed Area in km2 Area in % 

  43.17 9.32 

2 22.72 4.90 

3 5.63 1.21 

 4 34.67 7.49 

5 43.61 9.42 

6 17.75 3.83 

7 20.50 4.42 

8 51.65 11.16 

9 17.37 3.75 

10 17.53 3.78 

11 2.12 0.45 

12 16.78 3.62 

13 22.37 4.83 

14 58.59 12.65 

15 16.50 3.56 

16 34.20 7.38 

17 37.46 8.23 

Total 462.81 100 

http://dx.doi.org/10.29322/IJSRP.10.09.2020.p10505
http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 10, Issue 9, September 2020              23 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.10.09.2020.p10505    www.ijsrp.org 

Table 1: Distribution of area under different micro watersheds Of the Kosi Watershed, district    Almora. 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:3 Micro watersheds Of the Kosi Watershed, district    Almora 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

 

 

 

 

Fig;4 Digital Elevation Model of Kosi watershed, district Almora. 
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Table 2: Distribution of area under different Altitude zone Of the Kosi Watershed, district    Almora. 

 

VI. SLOPE  

 Slope map for the Kosi watershed prepared by using Digital Elevation Model. Figure 5. depicts the distribution of surface Slope 

within the study area. The Slope of the watershed ranges between 00 to 380. Table 3 shows the distribution area under different Slope 

groups in the Kosi watershed. A brief account of spatial distribution of the Slope categories (Table.3) of the Kosi watershed is presented 

in the following paragraphs. 

           Gentle Slope- This class all those part of the study area where the slope ranges below 50. The large area covered by this group in 

the Nana Kosi, Menol Gad and river basin. In this Group areas which account for 8.99 per cent of the total study area. 

           Moderate Slope)- The slope angle measures between 50to150 in these areas of moderate slope which include 41.96 per cent of 

the total study area. It extends central part the study areas. This is the commonest class of the slope which exhibits the regional picture 

of slope of study area. 

           Moderate High Slope- This class includes all these part of the study area where the slope ranges 15 to 250. In this group the total 

area is 41.86 per cent. It is observed in which covers North, North East, North West, West, and South West portion of the study area. 

           High Slope- Slopes ranging between 250-300 categories which included the 6.13 per cent of the study area. Distribution of the 

slope group in the linear pattern in the Syahi Devi region forest, kalimath Reserved forest and the north-east portion of the study area.  

           Steep Slope- As, rule, Steep slope corresponds high relief and relatively hard bed rocks. Here the slope ranges between 300-350 

and it includes 0.98 per cent of the total study area which is small area Bhatkoat east reserve forest. 

           Very Steep Slope-Only 0.05 per cent part of the total study area falls under the region of very steep slopes where the slope always 

ranges above 350 such patches of steep slope are mainly distributed small patches in Bhatkoat reserve forest and the West portion of the 

study. 

              

Altitudinal 

Zones 

in meters 

Area Cumulative Area Category of 

Relief 

Zones 
in km2 in % in km2 in % 

1000-1100 0.05 0.01 0.05 0.01  

 

LOW 
1100-1200 

9.34 2.01 9.39 2.02 

1200-1300 38.21 8.25 47.61 10.27 

1300-1400 54.10 11.69 101.72 21.97 

1400-1500 85.05 18.37 186.78 40.35 

1500-1600 69.54 15.02 256.32 55.38  

 

MEDIUM 
1600-1700 61.72 13.33 318.05 68.72 

1700-1800 54.27 11.72 372.32 80.44 

1800-1900 38.05 8.22 410.37 88.67 

1900-2000 22.34 4.82 432.72 93.49 

2000-2100 12.88 2.78 445.61 96.28  

 

 

HIGH 

2100-2200 6.67 1.44 452.28 97.72 

2200-2300 3.83 0.82 456.11 98.55 

2300-2400 2.70 0.58 458.82 99.13 

2400-2500 2.36 0.51 461.18 99.64 

2500-2600 1.27 0.27 462.45 99.92  

V. HIGH 2600-2700 0.35 0.07 462.81 100 

Total 462.81 100    
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Table 3: Distribution of area under different slope groups of the Kosi Watershed, district Almora. 

 

 

 

 

 

 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig;5 Slope of Kosi watershed, district Almora. 

VII. ASPECT 

           Aspect map for the Kosi watershed was prepared by using digital Elevation Model.Digure.Fig:6 depicts the distribution of aspect 

within the study area. Table 4shows the distribution area under different aspect groups in the Kosi watershed. A brief account of spatial 

distribution of the aspects categories (Table 4) of the Kosi watershed is presented in the following paragraphs. 

North- The largest area covered by this group falls in the Syahi Devi reserved forest, situated in south-west portion of the study area. 

Bhatkoat reserve forest is the second largest area of this group which extends in the extreme North of the study area. Third largest are 

lies in extreme North-West portion of the boundary. One patches lies in the Ganenath reserve forest. Small patches situated in the xtreme 

west of the boundary. In this group account 13.29 per cent of the study area. 

North-East- The largest area covered of north-west portion of the study area. The second largest area of this group which extend in the 

south-west portion of the study area. One patches lies in the west portion of the boundary.12.12 per cent of the total study area falls 

under this group. 

East- In this group one patches situated in the extreme north-east and south portion of the boundary. One patches situated in the east 

portion of the boundary. Narrow belt situated in the central part of the area. In this group account for 12.26 per cent of the total study 

area.  

South-East- A wide but largely distorted circular belt in the central part of the boundary falls under this group. In this groups account 

13.29 per cent of the study area. 

South-It is observed in the form of a linear belt in the east and circular belt in the south-west portion of the boundary. In this groups 

15.11 percent of total study area. 

South-West- Such conditions are mainly confined in the west and north portion of the boundary.11.84 per cent falls under this groups. 

North-West- This group situated in the north-east, south-east and south portion of the boundary.10.23 per cent falls under this groups. 

Slope 

Groups 

(in0c) 

Area Cumulative       

Area 

Remark 

in km2 in % in km2 in % 

0-5 41.60 8.99 41.60 8.99 GENTLE 

5-10 79.29 17.13 120.90 26.12 MODERATE 

10-15 114.94 24.83 235.84 50.95 

15-20 116.04 25.07 351.88 76.03 M.HIGH 

20-25 77.70 16.79 429.59 92.82 

25-30 28.39 6.13 457.99 98.95 HIGH 

30-35 4.57 0.98 462.56 99.92 STEEP 

35-40 0.24 0.08 462.81 100 V.STEEP 

Total 462.81 100    
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West- Ganenath, Chitai and Sitoli reserved forest situated in this aspect group.11.73 per cent falls under this groups. 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4: Distribution of area under different aspect groups of the Kosi Watershed,    district Almora. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig;6 Aspect Kosi watershed, district Almora. 

 

           Drainage Density Flowing water is one of the most significant landforms sculpturing agents and hence a study of the drainage 

system is essential to complement geomorphic study of the terrain It covers out distinct landforms by degraditional and aggraditional 

processes which have different shapes size and slope variations. In the watershed medium drainage density is dominant. Low drainage 

density is occurring NE, NW and SW portion of the boundary. High drainage density occurs in Syahi Devi,Bhatkoat east reserve forest  

and small patches situated in the  east, west and central part of the study area. 

Aspects 

Name 

Area Cumulative Area 

(in0c) in km2 in % in km2  in % 

N 337.500-

22.500 61.51 13.29 61.51 13.29 

NE 22.500-

67.500 56.11 12.15 117.62 25.44 

E 67.500-

112.500 57.21 12.36 174.84 37.77 

SE 112.500-

157.500 61.51 13.29 236.35 51.07 

S 157.500-

202.500 69.94 15.11 306.30 66.18 

SW 202.500-

247.500 54.82 11.84 361.13 78.02 

W 247.500-

292.500 47.34 10.23 408.48 88.26 

NW 292.500-

337.500 54.33 11.73 462.81 100 

Total  462.81 100   
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Fig;7 Drainage map,Fig:8 Stream Order,Fig:9 Drainge Density of the Kosi watershed,district almora. 

Land use and Land cover 

 

VIII. LAND USE /LAND COVER DISTRIBUTION 

           The land use/land cover distribution of each study years was derived from the maps are presented in the Table 5. 

The land use/land cover distribution map of the year 1966 was derived from toposheet (Fig.9 A). In the year 1966 out of total area, 

Almora urban areas covered by 0.46 per cent. The urban area of Almora is developed in linear pattern along the National Highway 87. 

Percentage of forest land is maximum. The Forest land is mostly dominated in the N, NE, NW and W parts of the study area. Except 

only a patch of Sitoli reserve forest is found in the southeastern part, which account for 50.81 per cent of the total area. Barren land 

covers of 22.59 per cent of total area. Barren land is mainly dominated in the central part and of the study area. Out of total land use, 

26.14 per cent is covered by agricultural land. It is mainly found in SW and middle parts of the study areas.  

           Figure 9B depicts Land use Land cover of 1990.It is derived from Landsat image of Kosi watershed, district Almora. In the year 

1990, 28.14 per cent of the area was coved by barren land, which is found 

inKantali,Bijoriya,Dhaulara,Aura,Sbil,Bunga,Barasila,Maala,Birlua,Jaal, Rait,Supakot,Babri,Kayrar,Thapaniyaan,Gwalakot,Barsimi 

villages. These villages are situated in the middle part and west of the study area. In this year agriculture land was 16.11 per cent of the 

total study area. Agriculture land was found in the Manan, jyala, syura, Chan, devil, lat. Mal and sarsyson villages. These villages are 

situated in the middle, and central part of the boundary. Present forest land covered the 55.23 per cent of the study area. The main forest 

areas are Syahi Devi, Sitoli, and Bhatkoat East, Ganenath reserve forest. These reserve forest are dense reserve forest. A small part, i.e., 

0.51 per cent area covered by the Almora urban area. Fig:9C depicts Land use/Land cover of the year 1999.It is derived from Landsat 

image of Kosi watershed, district Almora. In the year 1999 about 55.87 per cent area was covered by forest land. Forest land was found 

in the North, NE, NW, W, E and SW parts of the study area. In this year 29.44 per cent covered study area by barren land, which is 

found in the namely Kantali,Royanmath,Kophari,Lwesal,Dhulara,Sbil,Birlauwa,Jaal,Rait,Dungarkot,Doyaari 

Chack,Rabari,Hatyura,Bharargaon and Sakeri villages. These villages are middle and west portion of the study area. Agriculture land 

covered of 14.12 per cent of the total study area.Raulyana, Chhani, Tola, Bheta, Chanali, Balauta, Dungariharawaal, Bhagtola, Manan 

and Pachgaon, are villages where agriculture land falls. 0.67 per cent area covered by Almora urban area.Figure 9D depicts Land 

use/Land cover distribution of 2004.It is based on LISS III image of Kosi watershed, district Almora. In the year 2004 forest covers was 

found in 55.22 percent area. About 30.24 per cent area was barren land. About 13.74 per cent area was Agriculture land .Almora urban 

area was covered by 0.80 per cent area.  

 

Land use land  

Cover categories 

1966 1990 1999 2004 

Area in 

(sq km) 

Area 

in (%) 

Area in 

(sq km) 

Area 

in (%) 

Area in 

(sq km) 

Area 

in (%) 

Area in 

(sq km) 

Area in 

(%) 

Forest 235.165 50.81 255.6295 55.23 258.6188 55.87 255.6011 55.22 

Barren Land 104.595 22.59 130.2653 28.14 135.8335 29.44 139.9678 30.24 

Agriculture Land 120.984 26.14 74.6176 16.12 65.3398 14.12 63.7404 13.74 

Urban Areas 2.066 0.46 2.2996 0.51 3.0199 0.67 3.5027 0.80 

Table 5: Area under different Land use/Land cover area categories of the Kosi Watershed, district Almora. 
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Fig: 9 A Land use/Land covers maps of the Kosi Watershed, district Almora: 1966 (based on SOI Toposheet), Fig: 9 B  Year 

1990  (based on Landsat Thematic Mapper), Fig: 9 C Year1999  (based on Landsat Enhance Thematic Mapper) and  Fig: 9 D 

Year 2004  (based on LISS) 

 

IX. GIS OF DEVELOPMENT INFRASTRCTURE 

GIS of Education Centers 

           A depicts the distribution of education centers within the study area. Table 6 shows the numbers of different types of education 

centers of the Kosi Watershed, district Almora. In this watershed mainly two development block is situated namely Hawalbagh and 

Takula development block. Maximum education centers situated in the Hawalbagh development block. Hotel Management Institute and 

University campus are situated in the Hawalbagh development block. Higher Secondary Government Girls School is situated in the 

Someshwar of the Takula development block. 

Government Girls Inter College is situated in the Almora urban area. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Number of different types of education centers of the Kosi Watershed, district   Almora 

 

 

Name of Education Centers Number of Education 

Centers  

Higher Secondary 

Government girls School 

1 

Government  Girls Inter 

College 

1 

Higher Secondary 

Government School 

11 

Government Inter College 9 

Hotel management Institute 1 

University Campus 1 

Private Degree College 1 
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Fig:10  Education Centres of  Kosi watershed, district Almora. 

 

GIS of Health Centers 

           There are numbers of hospitals are available in this watershed. One Base hospital is situated in the Khatyari village of Hawalbagh 

development block. One Primary health centre is situated in the Hawalbagh village of Hawalbagh development block. Additional 

primary health centers are situated in Dhamas, Daulaghat, and Someshwar respectively. Table 7 shows the numbers of different types 

of health centers of the Kosi Watershed, district Almora. Figure 11 depicts the distribution of villages, of the Kosi Watershed, district 

Almora. Maximum villages are situated in the central part of the boundary. 

 

Name Of Health Centre Number of Health 

Centre 

Base hospital Almora  1 

Primary health Centre 1 

Additional primary Health 

Centre 

3 

Homeopathic hospital 1 

Aryvedic hospital 5 

Table 7: Number of different types of health centers of the Kosi Watershed, district Almora 

 

6.3 GIS of Roads 

           In this Watershed total road length is 221.65 km.Figure 12 Ddepicts the distribution of road network in the Kosi Watershed, 

district Almora. National Highway 87 E connects the Quarb to Kathpuriya of this Watershed. The Almora urban area is developing 

along the National Highway. All these roads of this Watershed meet the around the Almora urban areas. Table 8 lengths of different 

types of roads of the Kosi Watershed, district Almora. 

 

 

 

 

 

Table 8: Lengths of different types roads of the Kosi Watershed, district Almora 

   

 

 

 

 

 

 

Road Name Road Length in km. 

National Highway 33.16 

Other roads 188.65 
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Fig.11 Spatial Distribution of villages and Fig:12  and Road map of the Kosi, Watershed, district Almora. 

 

X. CONCLUSIONS  

 The fundamental objective of the present study is to create a model of Watershed GIS, which could be used for the stakeholders 

of the local level planning. Encompassing an area of 462.812 km2, the study area viz, the Kosi Watershed was used a natural laboratory 

the develop Watershed GIS. The Kosi Watershed stretches between 290 33’ 47”  to 290 52’ 20”  Latitudes and 790 33’ 12”  E to 790 

48’  11”  Longitudes and lies in district Almora of the Kumaun Himalaya (Uttarakhand). 
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