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ABSTRACT 
 

 The present study deals with the  ” Land Use / Land Cover Change Detection studies in 

Woochu, Paro District, Bhutan .The Studies Involves identifying the current land use pattern 

and changes occurred over a period due to the natural disasters and  man made activities  by 

adopting  Remote Sensing Technologies and GIS tools The study area is Woochu, Paro 

District, Bhutan laying between Longitude: 89º20’ to 89º26’E Latitude: 27º21’30” to 

27º24’30” N covering the Survey of Bhutan Toposheet no 78E/7 with scale 1:50000 and 

Multi-Spectral imageries from Land sat 7 (TM), RADAR (SRTM) data of 2000 and IRS-1D, 

LISS-III geocoded data of 2010  Satellite data are acquired as primary and secondary data for 

analysis. Interpretation techniques are used  to identify  the land use/land cover information 

by applying both pre- interpretation, ground truthing and post visual interpretation of the 

satellite image layers like land use/ land cover such as agriculture, waste land, water bodies, 

forest etc are prepared. The interpreted maps Topology is created by linking the spatial data 

file and attribute data file. The overlay analysis was carried out to find out the changes in the 

land use pattern over a ten year period. 

Key Words :  Remote Sensing, Land Use/Land Cover, Change Detection, Geographical 

Information System (GIS) 
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1. INTRODUCTION 

Land and water are the two most valuable and essential resources which forms the basis of all 

the life and forms key resource in all economic activities ranging from agriculture to industry. 

Bhutan is an agrarian society with the agriculture sector contributing the biggest percentage 

in the annual GDP of the country. Agriculture and livestock are the major sources of 

livelihoods, constituting 45% of the $2.7 billion GDP (estimated) of the country (CIA, 2004). 

However, the country’s arable land is only about 2.9 percent of the total area of the country 

(LUSS 2010).The predominant agricultural land uses are the irrigated paddy fields 

(chhuzhing), dryland (kamzhing), slash and burn agriculture (tseri), and orchard cultivation. 

Shifting cultivation is also practiced by the people of Bhutan due to the limitations imposed 

by the rugged terrain of the country to expanding sedentary agriculture. The acute shortage of 

irrigation water, lack of opportunities for expanding irrigated area and low soil fertility also 

contribute to the continued shifting cultivation practices. The government of Bhutan is 

committed to phasing out this practice without causing adverse effects to the people 

(Upadhyay1995).keeping this in view identification of land use changes based on that to 

recommend the suitable agriculture land. 

2. DESCRIPTION OF STUDY AREA 

 The study area of Woochu watershed is located in Luni Geog under Paro Dzongkhag. The 

watershed extends from Pa Chhu in the east to Chelela in the west and the Paro–Haa highway 

passes through the watershed. The watershed is located between 27º 22’6’’ and 27º 24’1.3’’ 

N and between 91º 20’ 40.1” and 91º 25’ 51.1” E. The study area covers about 2732ha.The 
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study area stretches from an altitude of about 2240m msl (above sea level) near the Pa Chhu 

to about 3910m asl, which is about 2.0km NW upslope along the ridge of Chelela Pass. It 

falls within a wide range of climatic zones, stretching from warm temperate to sub-alpine. 

The study area has predominantly southerly and northerly aspect.  

             

 
   Fig.1 Location of study area (Woochu sub-catchment area, Paro, Bhutan)  

2.1 Temperature and Rainfall  

Both the temperature and the rainfall data are an averaged subtotal for 10 years (Metrology 

Department). The mean minimum temperature drops to about -3.47º C in January, and rises 

to about 14.34º C in July. The mean maximum temperature rises from about 18.11º C in 

January to 28.84º C during August. 

    

 
 

Fig.2: Mean temperature 
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Fig.3:  Average Rainfall 

The mean annual rainfall at Woochu watershed is about 662.13mm. The maximum rainfall 

occurs during the month of July (175.38mm) and the minimum rainfall occurs during the 

month of 1the months of June to September.  

2.2. Geology   

The survey area falls within the Paro Formation as determined from the geological map 

contained in the publication “The Bhutan Himalaya: A Geological Account” 1995. The main 

rock type which falls under this particular formation includes quartzites (being the dominant 

rock in the area), schists, marble and calc-silicate rocks. Although rest of the rocks are 

sighted everywhere in the survey area, marble was found particularly at the Chelela top. The 

team failed to come across the graphite schist in the area, as its presence in the region was 

expected. The rocks generally have NE-SE strike with north easterly dips ranging from 10º to 

25º.The drift parent materials of the soils are mainly colluvial in origin as evidenced by 

angular to sub-angular boulders and stones found on the surface and within escarpment edges 

such as break of slopes and cuttings by the roadside. However, alluvial deposits are also a 

common sight at the foot of the watershed. This was evidenced by the presence of sub-

rounded to rounded stones and gravels.(NSSC soil report 2006)  
2.3 Topography and Drainage 

Topographically, the site is rather complicated with considerable micro-relief in parts, such as 

very steep cliff, ridges, mountains and deep inaccessible valleys. The land units were 

recognised and mapped for the whole area by visual observation. The lowest elevation is 

2162m and the highest elevation is 4040m.Major part of the study area is on the colluvial hill 

slope while a tiny fraction, which is at the foot of the watershed, is on the alluvial fan. The 

slope shapes are generally rectilinear (and irregular shapes in some pockets) with gradients 

up to 10% in places where there is alluvial fan deposit and 10-55% on the colluvial hill 

slopes. Overall, the soils are well drained on the colluvial hill slopes where as the ones on the 

fan deposits are well to somewhat excessively drained, because of high content of coarse 

materials. The stream density was found varying in range of poorly to moderately condition 

whereas, the drainage density has an coverage of approximately  1km coverage to the 

proposed study area and the stream slope range least of flat areas and mostly of very steep 

sloping. The following quantities/values are listed.  
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Tab.1:  Stream Quantities 

                
Fig.4: Drainage network of study area 

2.4 Soil  

Most of the soils of Woochu watershed area are derived from the colluvial deposits and the 

soils on the lower slopes of watershed are derived from the alluvial deposits. The soils are 

generally light to heavy textured and are extremely acidic (4.25) to neutral (6.86) with pH 

values recorded all above 4.25. Greater part of the watershed which is under forest cover do 

have very high to moderate (10.30-11.25%) percent of organic carbon content (OC%) and 

moderate to low (0.48-0.11%) percent of nitrogen content (total N) whereas, the part of the 

catchment area which is under orchard and chuzhing (wetland) cultivation have generally low 

OC% and very low total Nitrogen. Most of the soils under forest cover have stable to 

moderately stable soils due to high content of content of organic matter (OC%), which binds 

the soil aggregates together. (NSSC, Soil Survey Report, 2006). 

Tab 2: Classification of soil and area coverage of Study Area. 

Sl. 

No. 

Name of 

place 
Types of soil 

HSG 

Group 

Soil Drainage 

Condition 

Area 

Covered 
Units 

1 Wochu Fine Sandy Loam A Poor 0.475 Km2 

2 Chundu Fine sandy Clay Loam A EWD 0.383 Km
2
 

3 Tajosa Sandy Clay Loam C Poor 1.705 Km2 

4 Jiphu Fine Sandy clay Loam A Well drained 0.0489 Km2 

5 Nashi Brown clay loam D Poor 2.1801 Km2 

6 Changna Fine sandy loam A Poor   Km2 

7 Zarchu Dark greyish Loamy B Well drained 1.875 Km2 

8 Gangulu Dark Brown loam B Well drained 10.84 Km2 

9 Kila Dark Grey Silt loam B Well drained 4.13 Km2 

10 Chelila Black silt loam B Moderate 3.908 Km2 

3. OBJECTIVES  

The objectives of the current study are as follows:   

 To create spatial digital database consisting of land use/land cover of  2000 and 2010  

using Land sat 7 (TM), RADAR (SRTM) data and  IRS-ID LISS-III  satellite data, 

SOB toposheets and ground data on ARC/INFO GIS platform 

 To generate attribute data base consisting of statistical details of each of the above 

thematic layers 

 To extract and understand the Land use /Land cover characteristics of the study area 

for effective management of Land Resources for future development. 

Sl No Item Quantity Unit 

1 Stream Density 26 Nos/Km2 

2 Drainage Density 0.877 Km/Km2 

3 Average Stream slope 13% Percentage (%) 
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4. METHODOLOGY: 
 

 Selection of suitable satellite data. 

 Collection of Survey of Bhutan Topo sheets pertaining to the study area 

 Interpretation of satellite data for preparation of land use land cover map of 2000 and 

2010 years. 

 Field validation. 

 Finalization the maps. 

 Digital conversion through GIS. 

 Analysis in GIS for change detection. 

 Superimposition of cadastral layer on the change detection map to asses the change at 

cadastral level 

 Generation of statistics. 

 4.1 Selection of Suitable Satellite data 

The satellite will be browsed for cloud freeness and procured from National Remote Sensing 

Agency (NRSA), Hyderabad for 2000 and 2010 years to prepare the land use land cover map 

on 1:50,000 scale. 

4.2 Collection of Survey of Bhutan Topo sheets pertaining to the study area 

Survey of Bhutan Topo sheets of the study area have to be collected for geo referencing of 

the satellite data and also to prepare the base map for updation using the satellite data. 

4.3 Image Processing of Satellite Data 
The Image Processing of satellite data will be carried out in ERDAS imagine version 8.6. 

Sufficient no of Ground Control Points will be taken for rectification of the raw satellite. All 

rectifications  

(spectral, spatial and geometric corrections) will be done for visual interpretation of land use / 

land cover on 1:50,000 scale. 

4.4 Interpretation of satellite data for preparation of land use land cover  

         map of different years and Change Detection analysis 

The land use/ land cover map of the study area will be prepared on 1:50000 scale using the 

satellite data adopting appropriate classification system. Ground truth will be carried out to 

collect ground level information to be incorporated in the map. Maps will be finalized and 

converted into Remote sensing software. Similar kind of exercise will be repeated for the 

same area for different date satellite image thus to generate two layers of information’s. 

These two layers will be superimposed one over the other for change detection analysis.  The 

land use/ land cover maps will help to identify of agricultural suitable areas, forest blanks for 

forest development, water bodies etc. Sample satellite images are shown in Fig- showing the 

results in the changes in the land use pattern 

. 5. RESULTS & DISCUSSION 

5.1 Base Map 

The map depicts major roads, minor roads, major and minor settlements, rivers, canals etc. 

The data is collected from Survey of Bhutan topo sheets and updation done using satellite 

data.(Fig:) 
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Fig.5: flow chart of Methodology 
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Fig.6: Survey of Bhutan Toposheet no 78E/7, 1: 50,000, 1998 

       

 
Fig.7: Satellite image of LAND SAT 7  2000 

     

 

Fig.8: Satellite image of IRS-ID LISS-III, 2010 

 

5.2 Integration and correlation of the field observations with satellite derived LU/LC 

classes 
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The different LU/LC classes mapped for the study area, their ground attributes and image 

expressions on the imageries of the different years are presented. The changes in various land 

use classes mapped in the 2000 and 2010 are presented in the table - 1.   

 

5.2.1 Built-up land 

It is defined as an area of human habitation developed due to non agricultural use and that 

which have buildings classified into different categories like residential, recreational 

,industrial etc, transport, communication, utilities in association with water, vegetation and 

vacant lands. In the study are Woochu, Jifu, Tajosa, Chundu, Changna, Chitela, 

Zarchu,Kila,Nashi are the villages/towns. The total area occupied by built-up land in the year 

2000 was 0.16 Sq.Km. which has increased to 0.21 Sq.Km. in the year 2010. 

5.2.2 Agricultural land 

This category includes the land primarily used for farming and for production of food, fibre, 

other commercial and horticultural crops utilized for Existing crop land, current fallows and 

plantations  are included in this category. The total area occupied by this class in the year 

2000 was 1.32 Sq.Km. which has increased to 1.82 Sq.Km. in the year 2010. in the study area 

paddy cultivation, kamshing(Dry Land) for orchard establishment and cultivation of cereals 

such as wheat and barley, cash crops such as potato, chilli, asparagus and other vegetables 

has been identified based on the field data. 

5.2.3 Forest 

It is an area within the boundaries of notified forest drawn from Survey of Bhutan toposheet 

bearing an association predominantly of trees and other vegetation types capable of 

producing timber and other forest produce. 

In the study area different forest classes are identified 

1. Dense forest 

2. Open forest 

3. Forest Blank  

 

Very large part of the watershed area is under Tsamdro(pasture land) and / or Government 

forest. However, a small fraction of the study area located at the foot of the watershed has 

been developed for chhuzhing (paddy cultivation) and kamshing (for orchard establishment 

and various other horticultural & cereal crops).  

In the study area under forest category  in the year 2000 has observed dense forest 19.72 

sqKm (72.25%),Open forest 5.41sqKm (19.80%), forest blank 0.69sqKm (2.53%). in the year 

2010 dense forest 13.80  sqKm (50.55%),Open forest 6.02 sqKm (6.06%),forest blank 5.4 

sqKm (19.89%). 

CONCLUSION  

Based on the above studies Agriculture Land has been increased by 0.50sqKm in the year 

2000 to 2010. Built up area Increased by 0.05sqKm  in the year 2000 to 2010. Dense forest 

decreased 5.94 sqkm. due to increase in agriculture land and human encroachment. 

Agriculture Land has  Increased by 0.50sqKm 2000 to 2010 due to  shifting cultivation of 

people. Open Forest has Increased by 0.65sqKm 2000 to 2010 due to cutting of forest area for 

unplanned agriculture actives. Forest Blank Increased by 4.74sqKmdue to shifting 

cultivation. 
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Fig. 9: Land use/Land cover map (2000 ) 

      

  

Fig. 10: Pie chart showing the Land use/Land cover map (2000 ) area distribution 

Fig. 11: Land use/Land cover map (2010 ) 
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Fig. 12: Pie chart showing the Land use/Land cover map (2010) area distribution 
 

Sl 

No 

Classification Area  (Yr. 

2000)  

Area   (Yr. 

2010)  

Remarks 

1 Dense forest 19.74 sqKm 13.80sqKm Decreased in area by 

5.94sqkm.  

2 Agriculture 

Land 

1.32sqKm 1.82sqKm Increased by 0.50sqKm.  

3 Open Forest 5.41sqKm 6.06sqKm Increased by 0.65sqKm 

4 Forest Blank 0.69sqKm 5.43sqKm Increased by 4.74sqKm. 

5 Built up area 0.16sqKm 0.21sqKm Increased by 0.05sqKm 

Table 3: Comparison of changes in Land use/ land Cover classification 
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