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PREFACE 

Against the backdrop of the Majestic and awe inspiring Kanchenjhanga and the Himalayan 

Mountain Range, Darjeeling, the 'Land of Thunderstorm', was conceived with a dream - a 

mission to create a sanatorium for the ailing and convalescent British soldiers. In the process of 

its creation, the search for that sin~le 'T" that stood for Tranquility was replaced by the urge to 

promote the three 'T's namely Tea, Tourism and Timber. As development progressed, priority 

was given to Tea and Tourism, which proliferated at the cost of Timber. The exploitation of 

the forests resulted in what is widely acclaimed as environmental degradation. 

Environmental degradation 1s manifested in many ways, from soil erosiOn, landslides, 

hydrological disbalance, disturbance in biodiversity, to sedimentation and floods in the plains of 

the Darjeeling Himalaya. Loss of soil nutrients from the upper part of soil profile has adverse 

effect upon crop yield and plant growth. The loss of human lives and property besides the 

immense difficulties caused to normal life by landslides and floods are appalling. The pressure 

on the environment by the ever-increasing population adds to the malaise caused by further 

expansion of developmental activities. 

This study has attempted to identifY the various problems of environmental degradation in 

Kurseong Sub-Division of Darjeeling Himalaya and make an in depth investigation on the 

factors related to these problems. An attempt has been made to study the geological set up, 

soil, natural vegetation including water resource and examine how the effects of hydro

geomorphological processes, climate and process of slope evolution have been greatly 

influenced by anthropological processes since the time developmental activity started in the 

area. It has therefore, attempted to provide information on a legacy of past events and relate it 

with the course of action that need to be followed in future. 

In understanding the nature of the problems and the factors responsible for them, some 

preventive and remedial measures to mitigate environment degradation have been offered by 

the author with the hope that they may be given some consideration by policy makers, 



planners, builders, administrators and politicians alike, in comprehending the basic laws of 

nature before any further developmental activity is taken up in the area. 
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INTRODUCTION 

PRELUDE 

September the 2lh 1899: The Darjeeling Himalaya, as never before, experienced the most 

devastating landslide following unprecedented rainstorm since development activity took 

place in the region. This perhaps came as an early sign of environmental degradation as 

hundreds of lives were lost and lots of property damaged all over the hilly areas of the 

District. While the calamity was attributed to natural causes in general, the causes 

particularly in the Darjeeling town area were found to be man made like defective drainage 

of sites, excessive lead of drains, badly constructed revetments, quarrying in unsafe 

localities, and neglect in slope protection. 

October the 5th 1968: Incessant rainfall above 800 millimeters between 3rd to 4th October 

resulted in widespread landslides and flooding of the rivers in the region. The damage to 

property was immense and loss to lives innumerable. Hundreds of families were rendered 

homeless and many localities cut off from the rest of the world for several days. 

Almost hundred years have passed since the first disastrous landslips and environmental 

degradation has reached dangerous levels. Large scale deforestation has accelerated soil 

erosion to dangerous levels and adversely affected biodiversity; uncontrolled colonisation 

and rapid population growth has resulted in the modification of delicate hydrological 

processes; modification of local relief through cut and fill and unscientific construction has 

made the area more vulnerable to frequent landslides. Soil erosion in many parts has crossed 

the permissible limits resulting in complete severance of the topsoil and rendering the 

affected areas unproductive. The recurrence of high intensity rainstorms is more frequent 

and loss of lives and property owing to devastating landslides so regular a feature that it has 
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become absolutely necessary to view the problems seriously and closely examine the basic 

causes of these calamities. 

An attempt, therefore, has been made by the investigator to trace the various factors that 

have come to play in bringing about the environmental degradation that has become so 

evident in the region since developmental activity started, and to explore the remedial and 

preventive measures that we may have at hand. 

THE PROBLEM 

The term "environmental degradation" can be best understood by analysing the word 

environment separately. 'Environment' could be viewed as a system whose five elements 

land, air, water, flora and fauna including human beings are normally interconnected, 

interrelated, interdependent, co-evolved and co-adopted. The interdependence and inter

relationship form the basis of ecological security for all living beings, and it is this 

relationship among the elements and particularly between land, water and flora which 

determines the quality of life. Any lowering of the quality, rank or composition of any 

element of resource would mean environmental degradation. Land, water and flora are the 

main resources on which man has depended so heavily for his survival and development that 

these resources have become over exploited. The disturbance in the soil-water-plant 

relationship has initiated a chain of actions and reactions, between the elements, that 

threaten the very existence of living organisms, particularly man. 

Environmental degradation, therefore, is very much visible in the Darjeeling Himalaya, a 

region that is geologically young and fragile. Darjeeling, which drew the attention of the 

British as an ideal place for a sanatorium because of its climate and the rich sylvan 

surroundings, ultimately developed into an important tourist spot and an area where the 

widely acclaimed Darjeeling tea is grown. The proliferation of these two industries could 

not have taken place without the construction of proper communication and the human 
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resources who settled in the area, and neither could it happen without the sacrifice of large 

chunks of forests. 

Thus, development in the region brought about diversity in the land-use, from the original 

vegetation to tea, agriculture and settlements causing disturbance in the soil-water-plant 

relationship. This has become the main reason for environmental degradation in the area as 

is quite apparent from the following: 

+ Wide spread occurrence of landslides every year causing loss of lives, property 

and disruption of communication; 

+ Transport of large quantities of sediment load by streams and rivers resulting into 

silting up of reservoirs, weirs and flood in the plains; 

+ Drying up of many streams and springs during the lean season leading to the 

depletion of soil moisture regime and acute shortage of drinking water; 

+ Failure of natural regeneration and undergrowth to come up in forest areas and 

biodiversity; 

+ Soil erosion leading to decrease in soil fertility and 

+ Poor outturn and production of cultivated lands. 

THE STUDY AREA 

The study area, Kurseong Sub-Division is situated within the District ofDarjeeling in West 

Bengal and lies.in the south western part ofthe Darjeeling Himalaya between 88° 7' and 88° 

27' East Longitude and between 26° 47' and 26° 58'North Latitude. It covers an area of 

about 432.49 square kilometers and is bounded by the Mechi River in the west, the Kalijhora 

in the east, the Rabang, Rinchintong and Rayeng rivers in the north and the Terai in the 

south (Fig. 1). 
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THE METHODOLOGY 

The methodology for the study is a rationalistic one comprising an integration of geological, 

geomorphological, meteorological, pedological, hydrological and biological investigations. 

The details of the methodological framework are given below: 

A. RECONNAISSANCE SURVEY 

The basic areal data of the study area has been obtained from the Survey of India 

Topographical Sheets No. 78 B/1, B/5 and 78 A/8 (1:50,000). Maps published by the 

Geological Survey of India, Forest Survey of India and Forest Department have also been 

utilised for collecting other information of the area. These have been used for preparing a 

detailed programme of survey, lay out of cross sections, and test pits. 

B. COLLECTION OF BASIC DATA 

I. Basic data on (a) geology, (b) topography, (c) climate, (d) vegetation, (e) land-use patterns 

and (f) chronological history of land-use changes and changes in vegetal cover have been 

collected from secondary sources like (1) maps, topographical sheets and records prepared 

by the Geological Survey of India, Forest Survey of India, Survey of India and Directorate 

of Forests, (2) meteorological stations at different places like Sonada, Dowhill, Sukna and 

many Tea Gardens (3) Census reports, District Statistical reports, (4) Working Plans of 

Forest Directorate (5) reports and publications of past work 

· II. Data on soil, vegetation, geology, geomorphology and hydrology have been collected 

from primary sources by intensive traverse and field studies. 

C. METHODOLOGY FOR GEOMORPHOLOGICAL ANALYSIS 

The data for the study of geomorphology has been collected fron the topographical 
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sheets (third order basins) and compiled for a systematic quantitative analysis of various 

geomorphic processes in order to find out the nature and form of micro-topographical units. 

Both bivariate and multivariate analysis have been conducted through: 

i) Correlation Analysis 

ii) Linear and Log-Linear Regression 

iii) Multiple Regression 

iv) Partial and Non-Linear multiple Analysis. 

Morphometric analysis on properties like slope, relative relief, drainage density, drainage 

frequency, ruggedness index, dissection index, circularity ratio, etc. have been performed. 

D. QUANTITATIVE ASSESSMENT OF SOIL EROSION AND LANDSLIDES 

Soil loss has been assessed quantitatively through the diagnostic criteria like: 

+ Climatic/Rainfall erosivity (R) 

+ Soil factor/erodibility (K) 

+ Topographic factor/erosivity (L.S) and 

+ Biological factor/erosivity (C.P) 

based on the existing standard literature and rating tables (Wischmier and Smith, 1965, 

1978; Fournier, 1972; FAOIUNEP, 1978; Amoldus, 1980, Requier, 1980 and Sarkar, 1987 

& 1991) with necessary modifications. 

The study of landslides and related phenomena has been through intense traverse method 

and field observations with the help of check lists involving the quantitative determination 

of the stability factor of slope, analysis of soil, detail tabling of the composition and 

orientation of geological structures and the examination of geomorphological processes 
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responsible for sculpturing land surfaces, together with the study of the nature and extent of 

human interference. 

E. ASSESSMENT OF ANNUAL WATER RESOURCES AND SEASONAL DISTRIBUTION 

The method that has been employed involved the following: 

a) the study of rainfall and nin-off 

· b) the study of evaporation 

c) estimation of water resources and 

d) study of discharge and silt load of the major rivers. 

F. ENVIRONMENTAL IMPACT ASSESSMENT 

The method that has been used is based on the quantified matrix like the Leopold matrix 

developed for the U.S. Geological Survey by Leopold et a1 (1971) with minor modification 

for impact identification and quantifying impact magnitude and impact significance along 

with specific case studies on the impact of vegetational changes and that of human 

interference. A check list with 39 developmental activities and 58 environmental 

components has been employed for the collection of primary data regarding the 

environmental assessment. The checklist has been applied at 36 different sites (randomly 

selected) within the study area and their respective value has been plotted on. the map to 

illustrate the environmental impact. 

Case study on the impact of r~ising a monoculture of Dhupi (Cryptomeria japonica) has 

been carried out through comparative phytosociological studies involving laying out of 

quadrats and conducting vegetational analysis in natural forest and Dhupi plantation. The 

impact of ridge top cutting and throwing of talus material downhill has been studied by 

examining the factors of instability, composition and orientation of geological structures, 

geomorphological processes responsible for sculpturing land surfaces and assessing the 

nature and extent ofhuman interference involved in the process. 
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1.1 GEOLOGY 

CHAPTER I 

PHYSICAL BACKGROUND 

The Himalaya is geologically a complex mountain system. The Kurseong Sub-Division is situated 

along the southern flank of the lesser Himalaya. The systematic geological examination of this 

area was first done by F. R. Mallet in 1874. Since then, many observations have been made 

(Acharya, 1972; Dutta, 1950; Ganser, 1964; Powde & Saha, 1982, etc.). A geological map of the 

study area has been prepared by the investigator based on the work of Mallet, Ganser, etc., to show 

the regional distribution of rocks while the chronological sequence of the geological series of the 

study area together with their characteristics have been tabulated for convenience in the Table 1.1. 

1.1.1 ALLUVIUM 

A small portion of the plain areas in the southern boundary of Kurseong Sub-Division and the 

Terai belt are composed of alluvium, gravel beds, boulders and rock fragments . The rivers and 

streams have cut gorges giving rise to terraces across the undulating and low plateau-like drift 

deposits forming typical Piedmont landscape over looking and often merging into the plains 

(Photo. 1.1). 

1.1.2 SIWALIK SERIES 

The Siwaliks appear north of Sukna, extending from Mechi River in the west to Kalijhora in the 

east. It is irregularly interrupted by alluvium and forethrusts of older rocks. The maximum width is 

about 5 kilometers . The deepest outcrop forming the southern margin of the Siwalik Hills consists 

of bluish gray nodular marls and clays with micaceous fine-grained sandstones (Photo. 1.2). 

Occasional conglomerate layers with quartzite pebbles are also found in many places. 

1.1.3 DAMUDA SERIES 

The Damudas constitute a narrow belt (2 .5 kilometers approximately) between the Daling Series in 

the north and the Siwaliks in the south. Steeply overthrusting the Siwaliks, they extend in a 

roughly east west direction from Balason in the west to Kalijhora in the east The sandstones are 

micaceous, feldspathic and brownish, often weathered in badly exposed (thrust zones) areas, with 

coal bearing detrital rocks . Frequently, the sandstones have been converted to quarztites, the shales 

into splinter slates and the carboniferous shales to carboniferous or even graphitic slates. The best 

coal seams (often anthracites in nature) measures about 3 meter in thickness (Tindharia region) 

with sandstones on top and shales below. In the same region, Fox found a boulder bed, which may 
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be glacial. Nearby he observed the characteristic mica periodotite intrusions, which in places 

have converted the coal to natural coke. There is a thin and discontinuous band of limestone 

from west Kalijhora to Rangtong. 

Table 1.1 

Geological Succession ofKurseong Sub-Division 

Age Series Lithological Characteristics 
Recent to Sub-recent Alluvium Younger flood plain deposits of 

the 
... 

sand, nver compnsmg 
gravel, pebble, etc. And soil 
covering the rocks. While, the 
older flood plain deposits 
representing gravel, pebbles, 
boulders, etc. 

Pleistocene to lower Siwalik Micaceous sandstone with 
Pleistocene (Lower siltstone, clay, lignite lenticles, 

Tertiary) etc.· 

--------------------------- ------------Thrust---- ---------------------------------------
----------

Lower Gondwana Quartzitic sandstone with slaty 
Permian (Damuda) bands, seams of graphitic coal, 

lamprophyre silt and mmor 
bands of limestone. 

--------------------------- ------------Thrust---- ---------------------------------------
Pre-Cambrian Daling Series Slate, Chlorite-sericite schist, 

chlorite-quartz schist 
Darjeeling Gneiss Golden-silvery mica-schist, 

Carboniferous mica-schist, 
Course grained gneiss 

Based on: Mallet, 1884; Ganser, 1964 & Pawde & Saha, 1982. 

1.1.4 DALING SERIES 

The Daling Series occur from the west of Balason river, above the Siwaliks and bordering 

the Damudas in the south to the upper boundary commencing from the west, passing 

through Khairbani, Gayabari Tea Estate, Gayabari railway station and Sittong peak in the 

east which merges with the Darjeeling Gneiss. The Series consists mainly of slates and 
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Photo. 1. t Feldspars and layers of quartz in Dalings 

Photo. 1.2 Highly Jointed DaJjeeling Gneiss 



phyllites, with silvery mica schists representing transition rocks. Feldspars and layers of 

quartz appear alternately, which give the subfolded rocks ofbanded appearance (Photo. 1.1). 

1.1.5 DARJEELING GNEISS 

The northern part of study area is composed of Dmjeeling Gneiss, consisting of 

garnetiferous mica-schists, quartzites, biotite-kyanite and sillimantic gneiss (Photo. 1.2). 

The gneiss is well foliated, much folded and crumpled, highly micaceous and composed of 

colourless or grey quartz, white opaque feldspar, muscovite and biotite. The rocks are also 

traversed at places by quartz and quartzo-feldspathic veins of both post and pre-tectonic 

periods. These are well jointed ( 40°-70° E-W) rocks. 

1.2 PHYSIOGRAPHY 

The _area comprises hilly section of the Darjeeling Himalaya and the adjacent undulating 

Terai. The figure 1.2 represents the general contour pattern ofKurseong Sub-Division. 

1.2.1 THE HILLS 

The hills rise abruptly from the plains (150 meter) and the elevation increases northwards 

upto 2380 meter at Mahaldiram Peak. Within these, there is a mosaic of micro-topographic 

units comprising convex ridges and deep cut valleys (Photo. 1.3). The northern part is 

consisting of resistant gneissic rocks while, the southern part is composed of slaty and 

schistose rocks which are Jess resistant to weathering and erosion. The rivers are mainly 

south flowing and erode much along Dalings and Damuda areas. Debouching on to the 

valley floors the gradient of rivers has become more or less flat forming wide-open valley. 

1.2.2 THE PIEDMONT PLAIN 

The piedmont plain (Terai) lies at the foot of the mountain and is traversed by numerous 
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Photo. 1.3 Highly Dissected Lower Daljeeling Himalaya 

Photo. 1.4 Himalayan Margin: The Apex ofBalason Alluvial Fan 



streams. This is formed due to the coalescing of several alluvial fans (Banerjee & Banerjee, 

1982). Rivers and streams, which have cut gorges, have also given rise to terraces across the 

undulating and low plateau like drift deposits thereby, forming a typical piedmont landscape 

over looking and often merging with the plains to the south (Photo. 1.4). Thus, the study 

area has a myriad of ridges and valleys because of the spurs ramifying into lateral spurs 

which give off lesser ones, and these in tum cutting the terrain into many spurs, ridges and 

channels thus giving a mosaic of micro-topographical units (Photo. 1.3). 

1.3 DRAINAGE 

The rivers of the study area drain towards a south-easterly direction, the main one being the 

Mechi, the Balason and the Mahanadi. A number of tributaries of these rivers along with 

many kholas (small rivers) and jhoras (streams; torrents) form a complicated pattern of 

drainage over the myriad of interlacing ridges and ramifying spurs (Fig.1.3). 

1.3.1 THE MECHI RIVER 

The Mechi River .. which is the western boundary of the study area and forms the Indo-Nepal 

boundary, has its origin at an altitude of 1905 meter south west of Rangbang Spur of 

Singalila Range. It flows through deep gorges throughout the hilly tracts and descends into 

the Terai and plain areas where the width suddenly increases. The main tributaries are 

Kiyang Khola, Ashli Jhora and Mana Jhora. The Mechi eventually joins the Mahanadi. 

1.3.2 THE BALASON RIVER 

The Balason, which arises from Lepchajagat Peak on the Ghum Saddle (outside the study 

area) flows south almost parallel to the 88°13' East meridian, till it reaches the plains at an 

altitude of 304.8 meter and then turns south east where its valleys are larger than that of 

Mahanadi. On entering the Terai, it divides into two channels, the New Balason and the Old 
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Balason, which subsequently join the Mahanadi further south. The mam right bank 

tributaries are Pulungdung Khola, the Rangbang Khola, the Marma Khola, the Dudhia Jhora, 

Chenga and Manjha Khola. The main left bank tributaries are the Bhim Khola, the Rangnu 

Khola, the Jor Khola, the Pachhim Khola, the Rinchintong Khola, Rungsung Khola, Rakti 

Khola and Rohini Khola, all of which have scooped out deep gorges though they have very 

small catchment in the hills. 

1.3.3 THE MAHANADI RIVER (also known as Mahananda at foothills) 

The Mahanadi has its source near the Mahaldiram Dome, east of Kurseong, and flows south 

east receiving only on or two sizeable right bank tributaries, but more than five important 

left bank tributaries, descending from the Latpanchar Dome. The Siva Khola is the only 

important right bank tributary of the Mahanadi. The Babu Khola, Mana Khola, Jholi Khola, 

Jogi Khola, Gulma Khola and Ghoramara Khola are important let bank tributaries of the 

river Mahanadi. 

1.3.4 THE RA YANG RIVER 

The Rayang River originates in the Mahaldiram Reserve Forest, at an altitude of about 2438 

meter and forms the northern boundary of the study area. It flows east upto Longku and then 

north to descend into the Teesta. 

1.3.5 THE RIVERS ORIGINATING FROM LATPANCHAR DOME 

The rivers, in the eastern portion of the Kurseong Sub-Division, namely the Dam Khola, Siti 

Khola, Kalijhora and Sivok Khola, all have their origins in the Latpanchar Dome and flow 

towards the east to descend into the Teesta River. 
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1.4 CLIMATE 

The climate of the study area is specially noteworthy because of its position, the wide 

differences in altitudes, the powerful effect of the south-western monsoon against the 

Himalayan barrier and the peculiar configuration of the ridges and valleys which deflect or, 

allow rain bearing winds that affect local temperature and rainfall. The latitudinal extension 

(26° 46' to 26° 58'N) and the altitudinal variation (150 to 2380 meter) of the area have 

brought about diversity in climate with contrasts in meteorological conditions resulting in 

the development of greater degree of seasonality than its surrounding areas. The Tea 

Gardens, Military Cantonments, Forest Department, Agriculture Departments and other 

organisations record climatic data mainly rainfall, and these have constituted the main 

source of information regarding the climate of the study area (Table 1.2). 

1.4.1 THE SEASONS 

The study area experiences four dominant seasons, but their duration and extent are not 

similar. The hilly section experiences long bothersome monsoon with mist and almost 

continuous rainfall. The winter, after December is usually too cold and unpleasant, continues 

till February while, spring (March to May) and autumn (October and November) are most 

pleasant seasons. In the southern part, the climate is characterised by long hot-humid 

summer. 

1.4.2 RAINFALL 

Records of rainfall are available from stations, for the period ranging from 20 to 60 years. 

The spatial distribution of mean annual precipitation has been depicted in the Fig. 1.4. On 

account of the hilly nature of the terrain there are sharp variations in rainfall even between 

nearby stations. It is, generally, heavier along the southern slope of the Mahaldiram range 

(4890 millimetres at Mahaldiram Tea Garden, 4650 millimetres at Dow Hill, 4258 

millimetres at Victoria School), while the amount is much less in the eastern and south-
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eastern part (2830 millimetres at Sittong Cinchona Plantation.). The southwest monsoon 

contributes about 85% ofthe annual precipitation. July being the wettest month followed by 

August, thunderstorms accompanied by rain occur in May and October. The variations in the 

total rainfall from year to year are not much. On an average there are about 120 rainy days. 

This number varies from 110 at Sittong Cinchona Plantation to 141 at Mahaldiram Tea 

Garden. The heaviest rainfall in 24 hours recorded at any station was 561.5 millimetre at 

Ambutia Tea Garden during 1968. 

1.4.3 TEMPERATURE 

The temperature of the region is strongly controlled by the respective altitude of the site. 

During summer, from March to mid June, the heat in the Terai and lower valleys is high 

with mean daily temperature varying 26° to 28.5° C. In the hilly tracts, mean daily 

temperature is higher during the summer months (18° to 24° C in May). January is the 

coldest month everywhere, when the hilly tracts experience about 5.0° to 9.0° C of mean 

temperature while, about 15.5° to 16.5° C have been recorded along the plains. Sukna is the 

hottest place in the study area with mean annual temperature of 23 .5° C while, the coldest 

place adjoins Sonada, where mean annual temperature has been recorded to be 12.6° C. 

However, for a better understanding about the mean annual temperature, a map has been 

prepared (Fig.1.5). 

1.5 SOIL 

The Kurseong Sub-Division of Darjeeling District possesses a unique area displaying a 

variety of soils. Parent material variations exert stronger influence on soil characteristics in 

the study area than climate or vegetation. Sometimes, topography and slope also play an 

important role in the formation of soil. Broadly speaking, the soil on the Siwaliks is pale 

yellow to red brown and of coarse textured; on the Dalings, dark grey and porous and on the 

Darjeeling gneiss, brown clayey and plastic. The soil on the Gondwanas is generally sandy 
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but in some places such as Kalimati, very dark coloured soil is found, probably derived from 

the carboniferous shale. The soil of piedmont area is composed of alluvium consisting of 

gravel, sand and silt brought down by the rivers. 

The soil everywhere in the northern hilly tract is residual i.e. derived form the weathering of 

the underlying rocks. Red and yellow soils have developed on gneiss and schist along the 

higher slopes. Darjeeling gneiss most commonly decomposes into stiff reddish loam or stiff 

red clay. The colour of the red soil is derived from the meteoric weathering on gneiss and 

schist. This type of soil is mainly siliceous and aluminous, usually poor in lime, magnesia, 

phosphorous and nitrogen but fairly rich in potassium derived from mica and feldspar of the 

parent rocks. Aspect is another important factor in soil formation and the reason for soil 

covered eastern slope is probably due to the characteristic structural features of the 

underlying rocks. On the eastern slope, foliation planes and joints are favourable in 

loosening blocks to form talus while, on the western slope, foliation dip being inward, the 

loosening blocks are retarded and the rocks get time to weather into soil. 

1.5.1 SOIL MAPPING UNITS 

The soil mapping units recognised and described in this study have been based on the USDA 

Soil Taxonomy (1975). The taxonomic soil sub-groups have been shown in Figure 1.6, and 

diagrammatically represented in Table 1.2. 

Table 1.2 

Taxonomic Soil Groups of K11rseong Sub-Division 

Order Sub-Order Great Group Sub-Group 

I. Entisols Orthents Udorthrents Typic Udorthents 

Ochrepts Dystrochrepts Typic Dystrochrepts 

II. Inceptisols Fluventic Dystropepts 

Umbic Dystropepts 

Umbrepts Haplubrepts Typic Haplumbrepts. 
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I. Entisols : 

These soils have little or no evidence of pedologic profile development due either to short 

duration or receiving of new deposits from higher tracts. The only evidence of pedogenic 

alteration in these soils is small accumulation of organic matter in the upper 20 centimetres. 

The order Entisols has been identified along the lower hills, along major river valleys and 

they are mostly identified to be Orthents Sub-Order. 

The Orthents of Kurseong Sub-Division are primarily Entisols on recent erosional surfaces 

where, the former soil profile has been completely or partially removed or so truncated that 

the diagnostic horizons for all other orders are absent. The Great group of these soils has 

been identified to be Udorthents i.e., Udic Soil moisture regime. At Sub-Group level the soil 

may be recognised as typic Udorthents, and the Family is to be identified to be Coarse 

Loamy Typic Udorthents. These are moderately shallow, excessively drained coarse loamy 

soils occurring on steep side slopes with gravely loamy surface, severe erosion and strong 

rockiness. 

II. Inceptisols: 

These are the soils that have lost bases due to large leaching but retain some weathered 

minerals. They normally do not have an illuvial horizon enriched either with silicate clay 

that contains aluminium or organic carbon. The most common horizon sequences are an 

Ochric epipedon over a Cambic horizon. The two Sub-Orders have been recognised as 

Ochrepts and Umbrepts.Ochrepts are mainly light coloured, brownish, more or less freely 

drained Inceptisols. Ochrepts have been identified to be Drystrochrepts Great Groups. 

Dystrochrepts are the brownish, acid Ochrepts developed on steep slope. The normal 

horizon sequence in Dystrochrepts in an Ochric epipedon on a Cambic horizon. Three Sub

Groups have been have been identified in Kurseong Sub-Division namely, Typic 

Dystrochrepts, Umbic Dystrochrepts and Fluventic Typic Dystrochrepts. The Family Loamy 

Skeletal Typic Dystro~ · associated with moderate, shallow, well-drained, gravely 
~~ O.!.. III_O.t~~-
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loamy soil with loamy surface and moderate eroston hazard. Fine Loamy Fluventic 

Dystrochrepts is associated with deep to very deep well to imperfectly drained fine loamy 

soils. Coarse Loamy Umbic Dystrochrepts is very deep imperfectly drained coarse loamy 

soils, occurring on moderate to gently sloping upper piedmont plains with loamy surface. 

Umbrepts is acid dark reddish or brownish, absolutely freely drained, carbon rich inceptisols 

with a distinct dry season. The Umbrepts of Kurseong area has been identified to be 

Haplumbrepts Great Groups i.e. developed on comparatively recent geologic foundation and 

more or less Udic Soil moisture regime. The Sub-Group has been identified to be typic 

Haplumbrepts. The Family Loamy Skeletal Typic Haplumbrepts are moderate, shallow, well 

drained, gravely, loamy soils occurring on steep side slop with gravely loamy surface, 

moderate to high erosion risk and rockiness. 

1.6 NATURAL VEGETATION 

Few areas of comparable size in India command a range of variation in Forest Types as 

found in the Kurseong Sub-Division. It is perhaps, in fitness of things that forest 

conservancy and scientific forest management was initiated in this area. Altitude, aspect, 

geology and climatic factors have influenced the forest types. The study area although, 

suffered extensive and heedless deforestation since the British occupation, yet it seems to be 

one of the most densely forested tract in the Himalaya covered with natural, semi natural 

and man made forests. The natural forests of the study area can be classified into 7 broad 

groups (Fig. I. 7). 

1.6.1 SAL FOREST 

Sal occurs in the gentle slopes of Panchenai and Gulma Khola catchment, and on the ridges 

and spurs of Panchenai, Mahanadi-Jogi Khola, Gulma Khola, Rangtong Khola, Choklong 

Khola and Ghoramara Khola catchments. The vegetation conforms to the East Himalayan 

Lower Bhabar Sal and East Himalayan Upper Bhabar Forest Types (Champion & Seth, 
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1964). Sal is restricted to lower altitudes, the highest point where Sal may be observed 

being around 600 meters, because of the presence of the Damuda Series. Some of the 

associates of Sal are Pakasaj (Terminalia tomentosa), Sidha (Lagerstroemia parviflora), 

Mandane (Acorcmpus fraxinifolius), Siris (Albizzia spp.), Karam (Adina cordifolia), Bahera 

(Terminalia bellerica) Chilauni (Schima wallichii), Chikrase (Chukrasia tabularis), in the 

upper storey. Kumbhi (Caraya arborea), Totola (Oroxylon indicum), Sindure (Mallotus 

phillipinensis), Tartari (Dillenia sp. ), Choya Bans (Dendrocalamus hamiltonii), Amala 

(Emblica o.fficinalis), and Chalta (Dillenia indica) in the lower storey while Assamlata 

(Eupatorium odoratum), Bhant (Clerodendrum viscosum), Coffee (Coffea bengalensis) as 

under growth. 

1.6.2 LOWER HILL MOIST MIXED FOREST 

The Moist Mixed Forests occur extensively in the lower hills of Upper Balason, Rangbang 

Khola, Marma Khola, Manjwa Jhora, Mana Jhora Manjha Jhora, Rakti Khola, Rohini Khola, 

Rangtong Khola, Panchenai Khola, Mahanadi-Jogi Khola, Choklong Khola, Ghoramara 

Khola, Gulma Khola, Sivok Khola, Kalijhora, Mana-Jholi and Babu Khola catchment upto 

800 meter altitude (Photo. 1.5a & 1.5b). The vegetation conforms to the East Himalayan 

Moist Mixed Deciduous Forests of Champion & Seth, 1964. The main species found in this 

type of forests are Bahera, Sidha, Tantri, Totola, Haldu, Haritaki (Terminalia chebula ), 

Sima! (Bombax ceiba), Panisaj (Terminalia myriocarpa) Pitali (Trewia nudiflora), Lampate 

(Duabanga sonneratioides) and Lator (Artocmpus chaplasha) in the upper storey; Khorsane 

(Cinnamomum caudatum), Choya Bans, Jamun (Syzygium cumuni), Plantain (Musa spp.), 

Kumbhi (Careya arborea), Sonalu (Cassia fistula) Kurchi (Holarrhena antidysentrica) in 

the lower storey and Bhant, Curry patta (Moringa koenighii) and Amlisha (Thysanolaena 

maxima) as undergrowth. 

1.6.3 LOWER HILL WET MIXED DECIDUOUS FOREST 

The Wet Mixed Deciduous Forests occur in patches and strips along the jhoras and shaded 
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Photo. 1 . Sa Lower Hill Wet Mixed Forests 

Photo. l .Sb Lowec Hill Moist Mixed Foresta 



places of Rohini Khola, Panchenai Khola, Mahanadi-Jogi Jhora, Choklong Khola, Gulma 

Khola and Sivok Khola catchment. The vegetation conforms to the Northern Tropical Sub 

Himalayan Wet Mixed Forests of Champion & Seth, 1964. The important species found in 

these forests are Lahsune (A . polystachya), Siris, Phaledo (Erythrina sp.), Mandane, 

Lampate, Kainjal (Bischofia javanica), Pitali, Bains (Salix tetrasperma), Chaplash, Jamun., 

Panisaj , and Champ (Michelia champaca) in the upper storey; Plantain., Malata (Macaranga 

sp.), Sindure, Kuail (Trema orientalis),Bet (Calamus spp.), Choya Bans, Dumur (Ficus 

glomerata), Kharane (Symplocus theifolia), Rangbang (Caryota urens), Chatiwan (Alstonia 

scholaris), Tarika (Pandanus furcatus) , Hatipaile (Pterospermum acerifolium) in the lower 

storey and Amlisha, Thotne ( Polygonum sp.), and Banmara (Lantana camara) as 

undergrowth. 

1.6.4 MIDDLE HILL FOREST 

These forests occur in patches in the Siva Khola, Mana-Jholi Khola, Sivok Khola, Kalijhora 

and Babu Khola catchment between 800 - 1400 meter altitude (Photo. 1.6). The vegetation 

conforms to the Northern Sub Tropical Broad Leaved Hill Forests and East Himalayan Sub 

Tropical Wet Hill Forests of Champion & Seth, 1964. The important species found in these 

forests are Pakasaj, Mauwa (Engelhardtia spicata), Saur (Betula alnoides) , Lekh Chilaune 

(Nyssa javanica), Kapasi (Acer cambelli), Arkauala (Quercus spicata), Buk (Quercus 

lamellosa), Katus (Castanopsis spp.), Utis (Alnus napaulensis) and Panisaj in the upper 

storey; Kyamuna (Syzigium operculatum), Jhingni (Eurya japonica), Kharane and Choya 

Bans in the lower storey and Amlisho, Sisnu (Gerardiana palma/a), Aeselu (Rubus spp.), 

Gope Bans (Cephalostachyum capitatum) and Hill Vasak (Dichroa febrfuga) as 

undergrowth. 

1.6.5 UPPER HILL FOREST 

This type of forests occurs in the Siva Khola-Paglajhora, Babu Khola and the Jholi Khola 

catchments and along the Mahaldiram-Bagora-Deorali region above 1400 meter altitude 
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Photo. 1.6 Middle Hill Foresta 

Photo. 1. 7 Upper Hill Forests 



(Photo.1.7). The vegetation conforms to the Northern Montane Wet Temperate Forests, 

Lauraceous Forests and Buk Oak Forests of Champion & Seth, 1964. The important 

species present in these forests are Lali (Amoora wallichii), Kawla (Machilus spp.), Kapasi,. 

Katus, Buk, Phalant (Quercus lineata), Lekh Chilaune, Arupate (Prunus nepalensis), 

Tarsing (Beilschmeida sp.), Sissi (Cinnamomum impressinervum), Champ (Michelia spp.), 

Khanakpa (Evodia-sp.) and Maya ( Eriobotrya sp.) in the upper storey; Jhingni, Kyamuna, 

Bhadrase (Elaeocarpus lancaefolius) and Ghurpis ~eucoseptrum cannum) in the lower 

storey and Maling (Arundinaria maling), Aeselu, Hill Vasak, Thotne, Majito (Rubia 

majito), Bhokote (Hydrangia robusta) and Cobra plant (Arasaema spp.) as undergrowth. 

1.6.6 RIVERAIN FOREST 

Riverain forests occur along the banks of rivers and streams in the plain areas of the Sub

Division viz. Balason River, Rangtong Khola, Panchenai River, and Mahanadi River (Photo. 

1.12). The vegetation conforms to the Khair -Sissoo Forest Type and Simul-Sissoo Forest 

Type of Champion & Seth, 1964. The species are Khair-Sisso (Acasia catechu-Dalbergia 

sissoo) occasionally in association with Siris, Phaledo (Erythrina sp.), Pitali, Latikaram, 

Karam, Kainjal , Dumur , and Simul-Siris (Bomax ceiba- Abizzia sp.) associated with 

phaledo, pitali, jarul and Tetrameles nudiflora. 

1.6.7 BAMBOO BREAKS 

Almost pure patches of bamboo are seen to occur in the ridge along the southern and 

northern boundaries of Kalijhora and Sivok Khola catchment ·respectively, and on the ridge 

and spur in between Mahanadi and Jogi Khola in the Mahanadi-Jogi Khola catchment. The 

vegetation conforms to the Dry Bamboo Breaks of Champion & Seth, 1964. 

In the process of scientific management, a substantial area of natural forests have been 

converted to man made forests by the Forest Directorate. Excellent plantations of broad

leaved species and_ conifers have been raised in the past. The extent of plantations in the 
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lower hills is about 1810 hectares that in the middle about 750 hectares while in the upper 

hills it is about 1250 hectares. The introduction of exotics like teak in the lower hills and 

dhupi in the middle and upper hills have had an adverse effect on the natural vegetation 

leading to decrease in species diversity particularly where these species have been grown as 

monocrop. 

1.7 CONCLUSION 

Intensely metamorphosed rocks like phyllites, schists, slates ~d gneisses predominate over 

sedimentary rocks as regarded to the areal coverage of the hilly section of the area. These 

rocks_ are highly weathered, fractured, jointed and have a tendency to produce slope 

instability during intense rainstorm. Topographically, the area may be sub-divided into two 

broad zones, the northern hilly section and the southern piedmont i.e. the Terai area. 

Geological structures along with drainage are primarily responsible for the evolution of 

complex assemblage of various topographic segments. The foothill or piedmont zone is the 

zone of maximum aggredation and exhibits convex slope and fan formation. The area 

possesses a fair amount of natural vegetation but their distribution is not uniform. Generally, 

east of Mahanadi, Mahaldiram ridge, lower hills (below 1000 meters), Babu Khola, Marma 

Khola, etc. have dense vegetation cover. The area on an average receives heavy amount of 

precipitation (>3000 millimetres). 

Thus, the study area, under vulnerable geological structures coupled with high precipitation 

and deforestation, experiences an induced amount of soiLerosion and landslide which not 

only decrease the fertility status of slope soils but also choke the piedmont slopes, 

endangering the lives and properties of the local inhabitants. 
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CHAPTER II 

GEOMORPHOLOGY & DRAINAGE 

2.1 INTRODUCTION 

The geomorphological set up of Kurseong Sub-Division of Lower. Drujeeling Himalaya 

offer a fantastic scope to study man-environment relationship. The hills rise abruptly from 

the Tenii (120 meters) and the elevation increases northward upto 2385 meter at the 

Mahaldiram ridge; with a further increase upto 258? meters at Tiger Hill. Occasional 

_ravines, deep valleys, innumerable springs and jhoras dissect these landscapes, interspersed 

with a mosaic of micro-topographic units (Photo. 1.3). This complex physical environment 

is due to different geomorphic processes, each of which has developed its own characteristic 

assemblage of landforms. The geomorphic configuration of this hilly tract is the joint 

product of geologic foundation and fluvial processes; although slope wash, in particular 

mass.:. movements and related phenomena played a significant role in the final shaping of the 

landform. The northern part of the study area (above 1300 meters) is mostly composed of 

resistant gneissic rocks (Datjeeling Gneiss). The joint coupled with conspicuous chemical 

weathering in this rock produce thick mantle of soil and regolith. Innumerable cases of slope 

failure have been noticed during the field survey in this area, irrespective to the local 

environment. The river valleys are narrow and steep, mainly fed by spring. During flood 

(June - October), they exhibit tremendous power to erode as well as transport huge amount 

of debris. Such geomorphic processes have played an extremely significant role in the 

evolution of the regional geomorphology. It is thus, apparent, that the complexity of 

geomorphic evolution of the area presents a compound landscape in which two or more 

geomorphic processes have played important role in the development of the existing 

topography. 
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An attempt has been made in this chapter to visualise the extent of variations in landform 

contrasts and their magnitude, along with their relevant processes, in the proper perspective, 

of the lower Dm:jeeling hills, by adopting contemporary quantitative and statistical 

techniques of geomorphology. 

2.2 SLOPE ANALYSIS 

Slope may be defined as an angular inclination between different elevation. The slope 

gradient, defines the stage of develOpment of a landscape (Strahler, 1956). A number of 

schemes of slope analysis on the basis of contours found in topographical maps, have been 

evolved by a number of prominent geomorphologists. The average slope of the study area 

has been evaluated by Wentworths': method (1950). The base unit is, however, 1 square 

kilometre grid instead of Wentworth~' original I square mile grid. The formula, as adopted 

in the present study is as follows: 

Cn.Ci 
Tan f) = "WK. --------------------------------------2.1 

Where, Cn is the number of contours crossing per kilometre, Ci is the contour interval and 

"WK is Wentworths' constant (636.6). 

On the basis of the above mentioned method, a slope map of Kurseong Sub-Division has 

been prepared (Fig. 2.1) which shows that the entire area can broadly be sub-divided into 

two zones: a) moderate to gently sloping southern foothills and b) steep to very steep slopes 

ofnorthern hilly section (Photo. 2.1). ·The highest average slope has been estimated to be 36° 

found along the southern spur of Mahildaram range, while, below 1° slope has been 

identified along the extreme southern: part of the study area (Fig. 2.1 ). However, for a better 

understanding of the major slope zones, the following classes are put forward. 
' I 
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Class 1: Very steep slope zone (> 30°) has been found in three distinctively identifiable 

regions i.e. western part (Meehl valley), central part (Mahananda-Balason inter:tluves) and 

eastern part (Mahananda-Rayang interfluves). 

Class II: Steep slope zone (25° -30~ covers most of the central, east-central parts of the 

. study area. This class perhaps covers the largest area ofKurseong Sub-Division. 

Class III: Steep to moderately steep slope zone (20°-25°) has been identified along a large 

tract of north-centra~ north-western, south-central and north-eastern parts of the study area. 

Class IV: Moderate to steep slope zones (15° -20°), have been identified along a narrow 

zone in southern margins, and in a number of pockets around the major ridges of north

western, north-central and north-eastern parts of the study area. 

Class V: Moderate slope zones (10°-15°) are found along two very narrow elongated zones 

i.e. south-central and south-eastern parts. 

Class VI: Moderate to gentle slope zone (5° -1 0°) has been identified within a narrow 

elongated zone in the south-central piedmont area. 

Class VII: Fairly gentle slope zone (<5°) is found in the extreme south-central part (Terai) 

of Kurseong Sub-Division. This area is covered by the large Mahananda-Balason alluvial 

fan. 

Thus, from the above analysis, it has been found that most of the spurs and valleys are 

characterised by steep slope which is an indicator of the youthful stage, where the active 

erosional processes have not yet been able to tum the steep slope into gentler ones. 

2.3 RELATIVE RELIEF 

Relative relief (Hammond, 1958), is also defined as "the amplitude of relief or local relief' 
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which represents the actual variation of altitude within a unit area with respect to its local 

base level. It is closely associated with slope and is more expressive and also useful in 

understanding the morphogenesis; but it does not take into account the dynamic potential of 

the terrain and features of vertical distance from the erosion base. Here, the maximum height 

difference in each grid of one square kilometre from the relevant topo-sheet has been used 

for plotting the isopleths to show varying amplitudes of relief in the study area (Fig. 2.2). It 

is apparent from the relative relief map that the study area may broadly be divided into two 

zones: a) high relative relief and b) moderate to low relative relief. The highest relief (750 

meters) has been estimated in the north-eastern part and the iowest (below 20 meters) has 

been identified along the extreme southern part of the study area. The following major 

relative relief classes have been identified in Kurseong Sub-Division: 

Class 1: Very high relative relief zones (> 500 meters) have been identified within a few 

pockets along the Mechi, Balason, Mahananda and Rayang valley. 

Class ll: High relative relief zones (400 to 500 meters) are noticed around the pockets 

mentioned earlier. 

Class ill: High to moderate relative relief zones (300 to 400 meters) has been identified 

over large tracts in western, central, northern and eastern parts of the study area. This is 

perhaps the most extensively found relative relief class in the study area. 

Class IV: Moderately high relative relief zones (200 to 300 meters) are to be found in a 

few narrow zones along south-eastern, south-central and south-western parts of the study 

area. 

Class V: Moderate relative relief zone (1 00 to 200 meters) has been identified along the 

southern foothills of the study area. 

Class VI: Low to Moderate relative relief zones ( < 100 meters) has been found only along 

the extreme southern alluvial fan area. 
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The study area is thus, covered by high to moderately high relative relief Hills with high 

altitude and steep slope are responsible for the development of such pattern of amplitude. 

Structural controls and selective weathering in the normal sculpturing process, along with 

slope wash and mass-movements, have played the decisive role in the attainment of such 

variations in the amplitude of relief 

2.4 DRAINAGE 

The topography of Kurseong Sub-Division is as such, that contrary to water logging 

problem as it is in the plains, it poses the problem of scouring and erosion of jhora beds and 

gullies which ultimately lead to landslips and/or catastrophic soil erosion. The region is 

drained by 2 major drainage systems of which the rivers Mechi, Balason and Mahananda 

represent the Ganga System, and the Rayang and the Tista rivers represent the Brahamaputra 

System (Fig. 1.3). Among these 5 drainage basins of Sub-Himalayan West Bengal, the 

Balason and the Mahananda cover the lion's share (>80%) of the study area. There are 67 

third order basins, 15 fourth order basins and 2 fifth order basins in the study area (based on 

Strahlar' s method). 

Dendritic is the commonest form of drainage pattern, mostly found along the upper reaches, 

with homogenous parent rocks i.e. gneissic rocks. Sub-parallel drainage has developed along 

the extreme north-eastern part i.e. northern side of Mahaldiram range, due to very steep 

slope angle. Radial drainage pattern has developed in many parts, the most noteworthy has 

been found around Sittong. While, braided drainage pattern is common along the extreme 

south of the study area i.e., the Balason, Rakti Khola and the Rohini Khola. Sub-rounded 

drainage pattern has developed around Lama Gompa forest near Garidhura (Fig. 1.3). 

2.4.1 DRAINAGE DENSITY 

Drainage density is given by the quotient of the cumulative length ( L L) of the stream and 

the total drainage area (Ad): 
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Drainage density = ~: ---------------------------------2.2 

Drainage density is then simply the length per unit of area. Here, drainage density has been 

calculated in one square kilometre grid and isopleths have been drawn with different values 

for the study area (Fig. 2.3). It is apparent from the drainage density map of Kurseong Sub

Division (Fig. 2.3) that the drainage density varies from < 1.0 to > 6.0. The following 

density classes have been made in the study area: 

Class 1: Very high density (> 6.0) is found in a few small pockets around north-central, 

north-eastern and south-eastern part of the study area. 

Class ll: High density (5-6) has been identified along southern foothills and in a few 

pockets of northern parts of study area. 

Class ill: Moderately high density ( 4-5) has been noticed in many places around west

central, central, east-central and southern parts ofKurseong Sub-Division. 

Class IV: Moderate density (3-4) is found in many parts of west-central, central, east

central and south -central parts. This is perhaps the most extensive density class in the study 

area. 

Class V: Low to moderate density (2-3) has been identified along western, eastern and 

northern part of the study area. 

Class VI: Low-density class (1-2) has been identified along the western, eastern and south

eastern margin of the study area. 

Class Vll: Very low density(< 1) has been identified along narrow margins ofwest-central 

and south-western part of the study area. 
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The drainage of the study area shows a high degree of consistency with the spread of other 

morphometric attributes and reflects the nature of variation in relief, soil, rock, vegetation 

and land-use. It is concerned mainly with the alignment and the frequency of streams. Lower 

values of drainage density are found along the ridges i.e. Mechi-Balason, Balason

Mahananda, Mahananda-Rayeng interfluves and around Mirik dome. 

2.5 MAJOR GEOMORPHIC FORMS 

Geomorphological map may have little direct practical value in environmental management 

for it will contain much of which may not be relevant to a particular problem. However, it 

provides information, which is relevant, for management needs. Practical applications of 

geomorphological mapping was developed in Europe during the post 1950 extension of 

towns (Demek, 1972). It was generally realised that before the development plans could be 

made, specific information was required concerning landforms and materials to be found at 

these. sites and the processes working upon them. The geomorphological map as prepared 

(Fig. 2.4) includes information about the nature and location of features formed by 

denudation, fluvial action, as well as those features created by slope wash, etc. The map is 

prepared based on a) intensive field survey and b) topographic maps (1:50,000 & 1:25,000), 

using the conventional symbols (IGU). The geomorphological map as prepared for the study 

area depicts the major topographical forms and processes: 

2.5.1 LANDFORMS CREATED BY THE DESTRUCTIVE ACTION OF DENUDATION AGENTS 

Denuded outliers are found on the ridge tops of Mahaldiram range, Mirik dome, Selim 

hills, Bagora, Latpanchor, Tindharia and along the eastern part of Mahananda basin. These 

are generally, erosional remnants of the Lesser Himalayan ranges. 

Dome like summits are common along the Mechi-Balason interfluves. Mirik dome is the 

most significant example of such landform. 
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Photo. 2.2 Wide Valley ofMahanand: Note Recent Incision 

Photo. 2.1 Steep to Very Steep slopes ofNorthem Hilly Section 



Broad ridges consist of the major ridges like Mahaldiram (2061 & 174 7 meter)-Sittong 

(1964 meter)-Latpanchor (1162 meter)-Ghoramara (796 meter); Mahildaram (2061 meter)

Bagora (2282 meter)-Senchal (2615 meter); Mahaldiram (2061 meter)-Giddapahar (1803 

meter)-Selim hills (1173 meter); Manjha (520 meter)-Tingling (1271 meter)-Saurini (1405 

meter)-Mirik (1697 meter)-Okaiti (1704 meter)-Pahshupati (2170 meter)-Simana (2355 

meter)-Singalila range. 

Trough like valleys are found mainly along the rivers like Marma, Manjwa, Dudhia, 

Rangbang (right hand tributaries to Balason); Ashli Jhora (left hand tributary to Mechi); 

Rinchingtong, Rakti, Rohini, Rungsung, Pacchim, Rangmuk, Bhim (left hand tributaries to 

Balason), parts of the Balason river; Babu Khola, Siva Khola, Paglajhora, Mana Khola, Jholi 

Khola, Jogi Khola, etc. (tributaries to the Mahananda), Sivok Khola, Kali Khola, Dam 

Khola, Rayang Khola (all tributaries to river Teesta). 

Wide valleys are found along the extreme southern part of the study area i.e. Balason and 

Mahananda rivers (Photo. 2.2), however, broad valley with terraces has also been identified 

along the middle Balason basin (Photo. 2.3), which is perhaps the product of massive 

aggredation due to major landslide in and around Ambutia (Starkel et al, 1996). 

Group of small slumps has been identified in many parts of the study area, however, the 

most notable one has been identified around the Paglajhora area. 

Landslide scars are perhaps the commonest forms of micro-landform produced by the 

destructive processes of landform evolution. Landslide scars are very common along the 

Tenzing Norgay road particularly along Chunabhati-Tindharia-Paglajhora area. However, 

the biggest landslide scar has been found near the Ambutia Tea Garden. This is the biggest 

active landslide within the study area. 
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2.5.2 LANDFORMS CREATED BY THE CONSTRUCTIVE ACTION OF DENUDING FACTORS 

Landslide tongues are found mostly in association with landslide scars. Generally, the 

detached materials move down slope and are deposited at the break of slope. Such 

deposition looks like tongue of a landslide. 

Deluvial and solifuxion plains are found in two distinctively separate zones: a) along the 

foothills and lower slopes i.e. near Bamanpokhri-Pankhabari area and b) upper part of hill 

slopes i.e. Ambutia Tea Garden, Nagri farm, Gitangia and Sivitar Tea Gardens, below Wood 

hills, Kuklong, Phuguri-Mirik area. Such landforms are the product of slope wash and 

exhibit moderate slope ( 4° -6°) surrounded by steeper slopes (> 15°). 

2.5.3 LANDFORMS OF FLUVIAL ORIGIN (DESTRUCTIVE) 

Edges of erosional undercutting are the landforms of very recent origin and mostly found 

along the southern margin of the study area i.e. piedmont slopes and in the Balason

Mahananda alluvial fan. The Balason, Rungsung, . Rohini and Rakti rivers are found 

noteworthy for such undercutting which varies from 6 meters to 50 meters in height. Such 

undercutting may be treated as an indication of post-pleistocene upliftment i.e. Neo-tectonic 

activities (Nand~ 1982). 

Gorge like features are very common along the valleys of the Balason and Mahananda in 

the hilly section of the study area. However, it is more common in the valleys of Babu 

Khola, Paglajhora, Marma K.hola, Jholi Khola, Mana Khola, Rayang Khola, Rinchintong 

Khola, Rangbang Khola, Pacchim Khola, etc. 

Deep V-shaped valleys are found in the northern hilly part of the study area. Such valleys 

are identified along the Mana Khola, Jholi Khola and Babu Khola, in the upper Mahananda 

valley near Gitangia Tea Garden; Rinchintong Khola near Singel Tea Garden and near 

Balason-Pacchim confluence. 
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Photo 2.4 Con tour Terracing Typical , ample of Cu1 & ill 

Photo 2.3 Broad Valle w1th Terraces along the Balason River 



2.5.4 LANDFORMS OF FLUVIAL ORIGIN (CONSTRUCTtVE) 

River accumulative landforms are mostly found along the valleys ofBalason & Mahananda 

and are found in the extreme southern part of the study area. The river borne sediments are 

deposited in the area and form the typical undulating landscape. 

Alluvial fan plains are perhaps the most typical of landforms found along the foothills. 

Alluvial fans are very well developed and well preserved in these areas, and are identified in 

between Balason and Tista rivers (Basu & Sarkar, 1991). 

River terraces are not very well developed in the study area. River terraces are identified in 

the following areas: a) along the upper Mahananda valley near Gitangia Tea Garden and b) 

along the foothills in between Balason-Mahanadi rivers. 

2.5.5 ANTHROPOGENIC LANDFORMS 

Cut slope is common all over the hilly terrain of the study area, particularly along the roads 

and railway lines. Such cut slopes are often found proneto slope instability. 

Cuts of Quarry are common mostly around the towns like Kurseong and Mirik from where 

the building materials and stones were collected for construction. 

Levelling of slopes is again common in major towns and tea gardens. 

Cut and fill for urban use along hill slope is perhaps the commonest of anthropogenic forms 

of landform. Most land-use in hilly terrain needs cut of upper hill slope and filling of down 

slope for level ground (Photo. 2.4). Such cut and fill often disturb the hill slope hydrological 

balance and invites many unfortunate events like landslides, subsidence, and slumping. 

2.6 GEOMORPHOLOGICAL REGIONS 
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Now, we are in a position to divide the study area into a few major geomorphological 

regions. Based on the analysis done in the previous sections, the area under study may be 

sub-divided into the following major geomorphological regions (Fig. 2.5): 

2.6.1 ALLUVIAL FAN 

The rivers debouching from the Himalaya on to the plains ofNorth Bengal have developed a 

number of alluvial fans in between the river Balason in the west to Tista in the east. The fans 

are bounded by the contour of 3 00 meters in the north to 7 5 meters to the south and coalesce 

to form the Terai. The fan deposits are coarse-grained, poorly sorted and immature 

sediments. Usually, gravels, cobbles and boulders predominate with subordinate amounts of 

sand, silt, and clay. The geometry of the Balason-Tista fans have been controlled by local 

relief, climate, lithology, hydrology and channel forms since their formation out of the 

periglacial debris and the salification materials during the Pleistocene Epoch. Intermittent 

flash floods, stream floods, debris flows and braid-plain deposition are four notable modes 

of sediment deposition on the alluvial fans (Basu & Sarkar, 1991). The longitudinal profile 

of the fans consists of three well-defined straight line segments (upper, middle & lower) 

having approximately uniform slopes. Bank erosion and river migration are quite common 

in this region. Bank erosion producing scarps of 5 to 10 meter . in height 1s common 

especially along the bank ofBalason, Runsung, Rohini, & Rakti Khola. 

2.6.2 PIEDMONT ZONE 

This is a narrow and elongated zone sandwiched in between the northern hilly terrain and 

southern undulating plains. Piedmont zone is best developed around Sukna area in between 

the river Mahananda and the Rohini Khola. The altitude of this region varies in between 200 

to 500 meters. The rivers have cut gorge like features that have also given rise to terraces 

across the undulating and low plateau like drift deposits thereby, forming, a typical 

piedmont landscape over-looking and often merging with the plains to the south. 

32 



2.6.3 LOWER HILLS 

This is bounded by the contour height of approximately 200 meters and 800 meters and 

cover most of the central part of the study area. The rivers are mostly south flowing and cut 

deep gorges and v-shaped valleys. The landscape is characterized by narrow ridges, deep 

incisions, numerous mass-movement scars. Average slope of this region varies from 10° -

30°, with slope length sometimes more than 800 meters. Perhaps, the lower hills of 

Kurseong Sub-Division are the most dissected and eroded tract in the Eastern Himalaya. 

2.6.4 MIDDLE HILLS 

It is rather a narrow zone sandwiched in between the lower and upper hills and bounded by 

the contour lines of 800 meters and 1400 meters. Most of the north-western and north

eastern part of the study area fall under this category. The hill slopes are mostly used by tea 

gardens. Kurseong town is situated on the upper limit of this zone. 

2.6.5 UPPER HILLS 

The upper hilly region is demarcated by the contour of 1400 meters, and has been identified 

along the Mahaldiram - Bagora - Deorali region. The upper hills reach beyond 2000 meters 

and cover a small area which, geomorphologically, is the safest zone in the study area and is 

covered by dense natural vegetation. 

2. 7 MORPHOMETRIC ANALYSIS 

Various methods of descriptive statistics have been applied to summarise the morphometric 

data collected from the topographical maps, to define geomorphological characteristics of 

Kurseong Sub-Division ofDarjeeling Himalaya (Table 2.1 & 2.2 and Fig. 2.6). 
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Table 2.1 

Morphometric and Related Variables, their Dimensions and Symbols used in the Study 

Variables Symbols Unit Dim en 
smns 

Drainage Network : Enumerative 
Stream order (used as sub-script) J.l 0 
Number of Streams of Order J.l Np 0 
Total number of Streams within ( L, N) J.l 0 
Basin order J.l 
Total length of Streams of Order J.l (L.L)p Km L 

Bifurcation ratio _N~ 
L 

Rb- Np-1 
L 

Stream length ratio -
Lp 

-

Basin Geometry : 
Area of basin order J.l Ap ~quareKm L2 

Length of basin order J.l Lbp Km L 

Width of basin order J.l Brp Km L 
Km L 

Basin perimeter of order J.l Pp Km 0 
Basin circularity Rc Km 0 
Basin elongation Re Km 
Measures oflntensity ofDissection 
Basin density D _(L.L)~ p- Ap 

Km/Square Km 

Constant of channel maintenance 
C= Ynf-l Km L 

Stream frequency N~-F J.l = J.l Ap 
No/Square Km L-2 

Texture ratio 
Tp = N%J.l 

No/Square L-1 

Kilometer 
Measures involving heights 
Height ofbasin mouth z Meter L 
Height of highest point of basin z Meter L 
Total basin relief H=Z-z Meter L 
Relief ratio Rh =H!Lb 0 
Ruggedness number Rn = D*H/1000 0 
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Table 2.2 Morphometric Data of 67 Third Order Basins ofKurseong Sub-Division 
Sl. No.of Area Radius Area Total Length Length Length Total No. of No. of No. of Basin Length Width Basin · Basin Drainag< Constant Texture Relief Rugged· Lowest Highest Basin Mean Length Bifurcation 
No. 3rd. in of the of the Length of of of Nwnbe1 !st. 2nd. 3rd. Peri· of of Circu· Elong· Density of Ratio Ratio ness Pqint Point Relief 

Order Square Circle Circle. of !st. 2nd. 3rd. of Order Order Order meter 3rd. 3rd. larity galion Channel Ratio in the in the of stream of stream 
Basin Km. having having Streams Order Order Order Streams Stream Stream Stream in Km. Order Order Ratio Ratio main- Basin Basin 

Same Same inKm. Stream Stream Stream Basin Basin tenance 
A, P, P, (EL), L, Lz L, (EN), N, N, N, P, (Lb), Br3 Rc3 Re3 D, c, T, Rh, Rn, (z) (Z) H L, L, L, Rb1 Rb, Rb3 <· 

I I 3.56 1.27 5.09 11.50 6.75 3.75 1.00 18.00 14.00 3.00 1.00 8.00 2.75 2.00 0.70 0.93 3.23 0.31 2.25 400.00 3.55 500.00 1600.00 1100.00 0.48 1.25 1.00 0.93 0.75 0.50 
2 II 3.13 1.19 4.48 7.50 5.00 2.00 0.25 10.00 7.00 2.00 1.00 7.50 3.00 1.00 0.70 0.80 2.40 0.42 1.33 246.67 1.78 520.00 1260.00 740.00 0.71 1.00 0.25 0.88 0.67 0.50 
3 lll 2.88 1.11 3.90 7.50 5.25 1.00 1.25 12.00 9.00 2.00 1.00 7.00 2.50 1.00 0.74 0.89 2.61 0.38 1.71 280.00 1.83 320.00 1020.00 700.00 0.58 0.50 1.25 0.90 0.67 0.50 
4 IV 4.25 1.43 6.44 10.50 7.50 1.00 2.00 14.00 11.00 2.00 1.00 9.00 4.50 1.50 0.66 0.64 2.47 0.40 1.56 160.00 1.78 300.00 1020.00 720.00 0.68 0.50 2.00 0.92 0.67 0.50 
5 v 3.63 1.35 5.75 13.00 9.50 1.50 2.00 22.00 18.00 3.00 1.00 8.50 3.00 1.50 0.63 0.90 3.59 0.28 2.59 193.33 2.08 260.00 840.00 580.00 0.53 0.50 2.00 0.95 0.75 0.50 
6 VI 6.13 1.75 9.63 17.75 13.00 1.50 3.25 32.00 25.00 6.00 1.00 11.00 4.00 1.50 0.64 0.88 2.90 0.35 2.91 230.00 2.67 300.00 1220.00 920.00 0.52 0.25 3.25 0.96 0.86 0.50 
7 VII 1.31 0.64 1.27 5.00 3.25 1.25 0.50 9.00 6.00 2.00 1.00 4.00 1.50 1.00 1.03 0.85 3.81 0.26 2.25 560.00 3.20 380.00 1220.00 840.00 0.54 0.63 0.50 0.86 0.67 0.50 
8 VIII 2.00 0.80 1.99 6.00 5.00 0.25 0.75 11.00 8.00 2.00 1.00 5.00 1.75 1.75 1.01 0.91 3.00 0.33 2.20 240.00 1.26 900.00 1320.00 420.00 0.63 0.13 0.75 0.89 0.67 0.50 
9 IX 1.69 0.64 1.27 5.00 3.75 0.75 0.50 9.00 6.00 2.00 1.00 4.00 1.50 1.50 1.33 0.85 2.96 0.34 2.25 333.33 1.48 900.00 1400.00 500.00 0.63 0.38 0.50 0.86 0.67 0.50 
10 X 6.63 1.67 8.77 19.25 12.75 4.00 2.50 23.00 18.00 4.00 1.00 10.50 3.00 2.00 0.76 l.ll 2.91 0.34 2.19 400.00 3.49 480.00 1680.00 1200.00 0.71 1.00 2.50 0.95 0.80 0.50 
II XI 2.19 0.95 2.86 6.50 5.25 0.50 0.75 10.00 7.00 2.00 1.00 6.00 1.50 1.50 0.76 1.27 2.97 0.34 1.67 440.00 1.96 980.00 1640.00 660.00 0.75 0.25 0.75. 0.88 0.67 0.50 
12 XII 1.69 0.95 2.86 6.63 4.50 2.00 0.13 8.00 5.00 2.00 1.00 6.00 4.00 0.15 0.59 0.48 3.93 0.25 1.33 255.00 4.00 520.00 1540.00 1020.00 0.90 1.00 0.13 0.83 0.67 0.50 
13 XIII 1.81 0.95 2.86 7.25 4.75 1.50 1.00 8.00 5.00 2.00 1.00 6.00 3.00 0.50 0.63 0.64 4.00 0.25 1.33 46.67 0.56 900.00 1040.00 140.00 0.95 0.75 1.00 0.83 0.67 0.50 I 

14 XIV 1.38 0.64 1.27 6.00 4.50 0.50 1.00 8.00 5.00 2.00 1.00 4.00 1.75 0.75 1.08 0.73 4.36 0.23 2.00 457.14 3.49 840.00 1640.00 800.00 0.90 0.25 1.00 0.83 0.67 0.50 
15 XV 3.06 0.88 2.41 10.25 7.50 2.00 0.75 16.00 12.00 3.00 1.00 5.50 1.75 2.00 1.27 1.00 3.35 0.30 2.91 320.00 1.87 840.00 1400.00 560.00 0.63 0.67 0.75 0.92 0.75 0.50 
16 XVI 2.13 0.88 2.41 7.75 5.50 1.00 1.25 13.00 10.00 2.00 1.00 5.50 2.00 1.25 0.88 0.88 3.65 0.27 2.36 480.00 3.50 400.00 1360.00 960.00 0.55 0.50 1.25 0.91 0.67 0.50 
17 XVII 6.63 2.23 15.60 17.00 8.50 6.50 2.00 20.00 16.00 3.00 1.00 14.00 6.00 1.25 0.42 0.74 2.57 0.39 1.43 153.33 2.36 280.00 1200.00 920.00 0.53 2.17 2.00 0.94 0.75 0.50 
18 XVIll 1.13 0.52 0.84 4.50 3.00 0.75 0.75 9.00 6.00 2.00 1.00 3.25 0.75 0.75 1.34 1.38 4.00 0.25 2.77 253.33 0.76 240.00 430.00 190.00 0.50 0.38 0.75 0.86 0.67 0.50 
19 XIX 0.75 0.40 0.50 2.50 1.75 0.50 0.25 7.00 4.00 2.00 1.00 2.50 0.75 0.50 1.51 1.06 3.33 0.30 2.80 720.00 1.80 560.00 JJOO.OO 540.00 0.44 0.25 0.25 0.80 0.67 0.50 
20 XX 3.25 1.19 4.48 11.00 7.50 2.50 1.00 20.00 17.00 2.00 1.00 7.50 3.00 1.50 0.73 0.80 3.38 0.30 2.67 313.33 3.18 960.00 1900.00 940.00 0.44 1.25 1.00 0.94 0.67 0.50 
21 XXI 0.75 0.48 0.72 3.00 2.00 0.50 0.50 8.00 5.00 2.00 1.00 3.00 1.00 0.50 1.05 0.95 4.00 0.25 2.67 600.00 2.40 800.00 1400.00 600.00 0.40 0.25 0.50 0.83 0.67 0.50 
22 XXII 0.88 0.56 0.97 4.00 3.25 0.50 0.25 9.00 6.00 2.00 1.00 3.50 1.00 0.75 0.90 1.11 4.57 0.22 2.57 540.00 2.47 800.00 1340.00 540.00 0.54 0.25 0.25 0.86 0.67 0.50 
23 XXIII 4.25 1.91 11.46 13.50 10.00 1.50 2.00 20.00 16.00 3.00 1.00 12.00 2.00 1.75 0.37 1.91 3.18 0.31 1.67 640.00 4.07 820.00 2100.00 1280.00 0.63 0.50 2.00 0.94 0.75 0.50 
24 XXIV 6.06 1.51 7.18 17.50 11.00 4.50 2.00 25.00 18.00 6.00 1.00 9.50 4.00 2.50 0.84 0.76 2.89 0.35 2.63 275.00 3.18 JJOO.OO 2200.00 JJOO.OO 0.61 0.75 2.00 0.95 0.86 0.50 
25 XXV 8.88 1.99 12.43 18.25 13.00 3.50 1.75 30.00 24.00 5.00 1.00 12.50 5.00 2.50 0.71 0.80 2.06 0.49 2.40 240.00 2.47 900.00 2100.00 1200.00 0.54 0.70 1.75 0.96 0.83 0.50 
26 XVI 7.63 1.83 10.52 20.50 16.00 2.50 2.00 26.00 22.00 3.00 1.00 11.50 4.00 2.50 0.72 <1.92 2.69 0.37 2.26 300.00 3.23 900.00 2100.00 1200.00 0.73 0.83 2.00 0.96 0.75 0.50 
27 XVII 6.38 1.99 12.43 15.50 9.50 3.50 2.50 32.00 26.00 5.00 1.00 12.50 4.50 2.00 0.51 0.88 2.43 0.41 2.56 333.33 3.65 500.00 2000.00 1500.00 0.37 0.70 2.50 0.96 0.83 0.50 
28 XVlll 2.56 0.95 2.86 6.50 4.00 2.00 0.50 17.00 13.00 3.00 1.00 6.00 2.00 2.00 0.89 0.95 2.54 0.39 2.83 350.00 1.78 500.00 1200.00 700.00 0.31 0.67 0.50 0.93 0.75 0.50 
29 X!Xa 2.44 1.99 12.43 11.50 8.00 3.00 0.50 19.00 15.00 3.00 1.00 12.50 5.00 1.50 0.20 0.80 4.72 0.21 1.52 280.00 6.61 380.00 1780.00 1400.00 0.53 1.00 0.50 0.94 0.75 0.50 
30 X!Xb 4.06 1.43 6.44 10.50 6.50 2.00 2.00 17.00 13.00 3.00 1.00 9.00 3.50 2.00 0.63 0.82 2.58 0.39 1.89 285.71 2.58 400.00 1400.00 1000.00 o.so 0.67 2.00 0.93 0.75 0.50 
31 XXX 6.06 1.91 11.46 18.00 12.50 2.00 3.50 30.00 25.00 4.00 1.00 12.00 5.00 2.00 0.53 0.76 2.97 0.34 2.50 184.00 2.73 220.00 JJ40.00 920.00 0.50 0.50 3.50 0.96 0.80 0.50 
32 XXXI 6.25 2.39 17.90 18.50 11.00 2.50 5.00 36.00 30.00 5.00 1.00 15.00 6.50 1.50 0.35 0.73 2.96 0.34 2.40 96.92 1.86 170.00 800.00 630.00 0.37 0.50 5.00 0.97 0.83 0.50 
33 XXXI 0.88 0.64 1.27 3.00 2.00 0.75 0.25 8.00 5.00 2.00 1.00 4.00 1.00 0.75 0.69 1.27 3.43 0.29 2.00 220.00 0.75 180.00 400.00 220.00 0.40 0.38 0.25 0.83 0.67 0.50 
34 XXXI: 2.50 1.11 3.90 7.50 6.00 1.00 0.50 20.00 16.00 3.00 1.00 7.00 2.50 1.50 0.64 0.89 3.00 0.33 2.86 136.00 1.02 180.00 520.00 340.00 0.38 0.33 0.50 0.94 0.75 0.50 



Table 2.2 continued 
Sl. No.of Area Radius Area Total Length Length Length Total No. of No. of No. of Basin Length Width Basin Basin Drainag< Constant Texture Relief Rugged· Lowest Highest Basin Mean Length Bifurcation 
No. 3rd. in ofthe of the Length of of of Numbe1 I st. 2nd. Jrd. Peri- of of Circu- Elong- Density of Ratio Ratio ness Point Point Relief 

Order Square Circle Circle of I st. 2nd. Jrd. of Order Order Order meter 3rd. )rd. larity gation Channel Ratio in the in the of stream of stream 
Basin Km. having having Streams Order Order Order Streams Stream Stream Stream in Km. Order Order Ratio Ratio main- Basin Basin 

Same Same in Krn. Stream Stream Stream Basin Basin tenance 
A, P, P, (EL), L, L, L, (EN), N, N, N, P, (Lb)3 Br3 Rc3 Re3 D, c, T, Rh, Rn, (z) (Z) H L, L, L, Rb1 Rb2 Rb3 

36 XXXv 1.88 1.27 5.09 6.00 3.50 0.50 2.00 11.00 8.00 2.00 1.00 8.00 3.50 0.75 0.37 0.73 3.20 0.31 1.38 105.71 1.18 170.00 540.00 370.00 0.44 0.25 2.00 0.89 0.67 0.50 

37 I(XXV 5.69 1.59 7.96 12.50 7.75 3.00 1.75 31.00 26.00 4.00 1.00 10.00 3.00 2.50 0.71 1.06 2.20 0.46 3.10 266.67 1.76 300.00 1100.00 800.00 0.30 0.75 1.75 0.96 0.80 0.50 

38 {)()(VI 3.31 1.35 5.75 6.25 4.50 1.50 0.25 15.00 12.00 2.00 1.00 8.50 4.00 1.00 0.58 0.68 1.89 0.53 1.76 390.00 2.94 400.00 1960.00 1560.00 0.38 0.75 0.25 0.92 0.67 0.50 

39 :XXVI 1.88 0.80 1.99 3.50 2.75 0.50 0.25 9.00 6.00 2.00 1.00 5.00 2.50 0.75 0.94 0.64 1.87 0.54 1.80 376.00 1.75 560.00 1500.00 940.00 0.46 0.25 0.25 0.86 0.67 0.50 

40 XXXD 4.25 1.3 1 5.42 10.00 8.00 1.50 0.50 22.00 18.00 3.00 1.00 8.25 3.00 2.00 0.78 0.88 2.35 0.43 2.67 466.67 3.29 560.00 1960.00 1400.00 0.44 0.50 0.50 0.95 0.75 0.50 

41 XXXl< 1.88 1.19 4.48 5.75 2.50 3.00 0.25 7.00 4.00 2.00 1.00 7.50 3.25 1.00 0.42 0.73 3.07 0.33 0.93 295.38 2.94 1240.00 2200.00 960.00 0.63 1.50 0.25 0.80 0.67 0.50 

42 '(XXX 2.56 1.19 4.48 8.00 4.50 3.00 0.50 9.00 6.00 2.00 1.00 7.50 3.50 1.25 0.57 0.68 3.12 0.32 1.20 348.57 3.81 980.00 2200.00 1220.00 0.75 1.50 0.50 0.86 0.67 0.50 

43 {XXXI 3.19 1.31 5.42 6.00 3.00 2.00 1.00 12.00 8.00 3.00 1.00 8.25 3.00 2.00 0.59 0.88 1.88 0.53 1.45 426.67 2.41 681) .00 1960.00 1280.00 0.38 0.67 1.00 0.89 0.75 0.50 

44 :;oou 3.31 1.35 5.75 8.75 5.50 2.75 0.50 18.00 15.00 2.00 1.00 8.50 2.50 1.50 0.58 1.08 2.64 0.38 2.12 356.00 2.35 600.00 1490.00 890.00 0.37 1.38 0.50 0.94 0.67 0.50 

45 :XXXI 3.19 1.11 3.90 10.50 6.50 3.50 0.50 16.00 12.00 3.00 1.00 7.00 3.00 1.50 0.82 0.74 3.29 0.30 2.29 333.33 3.29 690.00 1690.00 1000.00 0.54 1.17 0.50 0.92 0.75 0.50 

46 (XXX' 2.69 1.11 3.90 8.25 5.50 2.50 0.25 11.00 8.00 2.00 1.00 7.00 2.50 1.50 0.69 0.89 3.07 0.33 1.57 352.00 2.70 600.00 1480.00 880.00 0.69 1.25 0.25 0.89 0.67 0.50 

47 :XXX' 1.13 0.80 1.99 4.50 3.00 1.00 0.50 10.00 6.00 3.00 1.00 5.00 2.00 0.75 0.57 0.80 4.00 0.25 2.00 490.00 3.92 260.00 1240.00 980.00 0.50 0.33 0.50 0.86 0.75 0.50 

48 XXXV 2.50 1.03 3.36 7.00 4.50 1.00 1.50 14.00 11.00 2.00 1.00 6.50 2.50 1.25 0.74 0.83 2.80 0.36 2.15 456.00 3.19 260.00 1400.00 1140.00 0.41 0.50 1.50 0.92 0.67 0.50 

49 XXXV 1.63 0.80 1.99 4.50 3.00 1.00 0.50 8.00 5.00 2.00 1.00 5.00 2.00 1.25 0.82 0.80 2.77 0.36 1.60 490.00 2.71 500.00 1480.00 980.00 0.60 0.50 0.50 0.83 0.67 0.50 

50 J{){){l 3.44 1.11 3.90 11.00 7.00 3.00 1.00 22.00 16.00 5.00 1.00 7.00 2.50 1.50 0.88 0.89 3.20 0.31 3.14 520.00 4.16 500.00 1800.00 1300.00 0.44 0.60 1.00 0.94 0.83 0.50 

51 L 3.56 1.03 3.36 11.00 7.00 2.00 2.00 22.00 17.00 4.00 1.00 6.50 5.00 1.50 1.06 0.41 3.09 0.32 3.38 238.00 3.67 500.00 1690.00 1190.00 0.41 0.50 2.00 0.94 0.80 0.50 

52 Ll 3.00 0.88 2.41 8.25 4.50 3.00 0.75 20.00 15.00 4.00 1.00 5.50 2.00 1.50 1.25 0.88 2.75 0.36 3.64 390.00 2.15 500.00 1280.00 780.00 0.30 0.75 0.75 0.94 0.80 0.50 

53 Llf 3.75 1.27 5.09 9.50 5.50 2.00 2.00 19.00 14.00 4.00 1.00 8.00 2.00 1.00 0.74 1.27 2.53 0.39 2.38 655.00 3.32 380.00 1690.00 1310.00 0.39 0.50 2.00 0.93 0.80 0.50 

54 Llll 2.44 1.19 4.48 6.25 3.75 1.00 1.50 15.00 11.00 3.00 1.00 7.50 3.25 1.00 0.54 0.73 2.56 0.39 2.00 283.08 2.36 380.00 1300.00 920.00 0.3.4 0.33 1.50 0.92 0.75 0.50 

55 LIV 5.63 1.27 5.09 13.00 10.50 1.50 1.00 28.00 2300 4.00 1.00 8.00 2.50 2.50 1.10 1.02 2.31 0.43 3.50 248.00 1.43 3.40.00 960.00 620.00 0.46 0.38 1.00 0.96 0.80 0.50 

56 LV 2.94 0.95 2.86 9.00 6.00 2.00 1.00 20.00 15.00 4.00 1.00 6.00 2.00 2.00 1.03 0.95 3.06 0.33 3.33 441.00 2.70 280.00 1162.00 882.00 0.40 0.50 1.00 0.94 0.80 0.50 

57 LVI 2.81 0.88 2.41 7.50 6.00 1.00 0.50 15.00 12 .00 2.00 1.00 5.50 2.50 1.50 1.17 0.70 2.67 0.38 2.73 384.80 2.57 200.00 1162.00 962.00 0.50 0.50 0.50 0.92 0.67 0.50 

58 LVII 1.38 0.80 1.99 4.00 3.00 0.50 0.50 9.00 6.00 2.00 1.00 5.00 2.00 0.75 0.69 0.80 2.91 0.34 1.80 270.00 1.57 280.00 820.00 540.00 0.50 0.25 0.50 0.86 0.67 0.50 

59 LVIII 1.38 0.72 1.61 3.25 2.00 1.00 0.25 11.00 8.00 2.00 1.00 4.50 1.00 1.50 0.85 1.43 2.36 0.42 2.44 420.00 0.99 280.00 700.00 420.00 0.25 0.50 0.25 0.89 0.67 0.50 

60 LIX 1.69 0.80 1.99 4.50 3.25 1.00 0.25 11.00 8.00 2.00 1.00 5.00 1.50 1.25 0.85 1.06 2.67 0.38 2.20 400.00 1.60 200.00 800.00 600.00 0.41 0.50 0.25 0.89 0.67 0.50 

61 LX 1.19 0.72 1.61 4.00 2.50 0.75 0.75 11.00 8.00 2.00 1.00 4.50 1.50 1.00 0.74 0.95 3.37 0.30 2.44 240.00 1.21 400.00 760.00 360.00 0.31 0.38 0.75 0.89 0.67 0.50 

62 LXl 3.06 0.88 2.41 8.50 6.00 1.50 1.00 28.00 21.00 6.00 1.00 5.50 2.50 1.50 1.27 0.70 2.78 0.36 5.09 160.00 1.11 400.00 800.00 400.00 0.29 0.25 1.00 0.95 0.86 0.50 

63 LXll 1.19 0.64 1.27 3.00 2.00 0.75 0.25 9.00 6.00 2.00 1.00 4.00 1.75 1.00 0.93 0.73 2.53 0.40 2.25 240.00 1.06 280.00 700.00 420.00 0.33 0.38 0.25 0.86 0.67 0.50 

64 LXllf 1.1 9 0.72 1.61 2.25 1.75 0.25 0.25 10.00 7.00 2.00 1.00 4.50 1.50 1.00 0.74 0.95 1.89 0.53 2.22 400.00 1.1 4 180.00 780.00 600.00 0.25 0.13 0.25 0.88 0.67 0.50 

65 I,XlV 0.94 0.56 0.97 2.75 2.00 0.50 0.25 10.00 7.00 2.00 1.00 3.50 1.00 1.00 0.96 1.11 2.93 0.34 2.86 580.00 1.70 180.00 760.00 580.00 0.29 0.25 0.25 0.88 0.67 0.50 

66 LXV 0.50 0.48 0.72 1.25 0.75 0.25 0.25 7.00 4.00 2.00 1.00 3.00 1.00 0.50 0.70 0.95 2.50 0.40 2.33 600.00 1.50 180.00 780.00 600.00 0.19 0.13 0.25 0.80 0.67 0.50 

67 LXVI 0.25 0.32 0.32 1.00 0.50 0.25 0.25 7. 00 4.00 2.00 1.00 2.00 0.75 0.50 0.79 0.85 4.00 0.25 3.50 400.00 1.20 280.00 580.00 300.00 0.25 0.13 0.25 0.80 0.67 0.50 
------



2.7.1 MEASURES OF CENTRAL TENDENCY 

In the case of present study, the area of the third order basins (A3), number of the streams 

( L N)3, length of the streams (ll3), drainage density (D3), stream frequency (F3), basin 

perimeter (P3), relief ratio (Rh3), ruggedness number (Rn3), have been summarised by 

frequency distribution (Table 2.3 and Fig. 2.7). Not only does the Table 2.3 provide a 

summary of the data, it also allows certain probability of statements to be made. For 

example, as far as the values of A3 are concerned the r.c.f (relative cumulative frequency) 

column shows that 77.7% of the total basins have areas less than 4.0 square kilometers. 

While, the relative frequency in proportion values (r.fp.) can be divided by 100 in each case 

to allow a probability statement to be made. Thus, there is a 0.016 probability that a third 

order basin chosen at random from the area of study, will have an area of 7.0 to 8.0 square 

kilometers. Likewise, for a basin having an area of 1. 0 to 2. 0 square kilometers, the 

probCJ.bility will be 0.254 (Table 2.2). About 80.6% of the basins have a total stream length 

within 12 kilometers. From the point of probability, the length class 6 to 9 kilometers shows 

the probability of 0.343. The number of streams, drainage density, frequency, texture, 

perimeter, etc. within the third order basins of Kurseong Sub-Divisions show more or less 

similar pattern of distribution (Table 2.3). 

The various measures of central tendency and dispersion have been represented in tabular 

form in the Table 2.4. There are three measures of central tendency mean (X), median ( Mi) 

and mode (Mo). The spread ofthe data has been defined by measuring their dispersion i.e. 

standard deviation (S.D.), which has been represented in the Table 2.4. 

2.7.2 NORMALITY ANALYSIS 

Most of the morphometric variables of third order basins, obtained from Kurseong Sub

Division are found not normally distributed, as they fail to produce straight line, through the 

plotted points. The skewed form of the histograms (Fig. 2. 7) has further corroborated this. 
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FREQUENCY DISTRIBUTION CURVES FOR VARIOUS BASIN 

MORPHOMETRIC PROPERTIES OF THE THIRD ORDER 
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Normalisation has been attempted by the plotting of relative cumulative frequency against 

the logarithm of the class mid values. This is represented in the Fig. 2.8 iti case of each 

variable. In no case has the log-normalisation successfully produced a single straight line 

passing through the plotted points. This is typical of those circumstances where the data 

being analysed have been drawn from two or more different populations. Thus, in the case 

of basin area (A3), the breakpoint between the two straight lines occurs at 3.5 square 

kilometers on both the absolute and log-normalised data (Fig. 2.8). In case of the (U3), the 

log-transformed data provide a simpler relationship between the scatter points than does 

normal data, suggesting that the stream numbers are only normally distributed on either side 

of the break point value of 10.5 kilometers. The same is true in the case of T3, with a break 

point of2.75. It has been found that drainage density (D3) shows almost identical graph like 

A3, where the population are found to be normally distributed on either side of a break point 

value of3.5 kilometers/square kilometer, while, P3 and Rn3 are found to be better distributed 

in case of normal graph than that of the log-normalised data. In this context it is interesting 

to note that a similar nature of distribution has been noticed in the case of Mahananda basin 

by Sarkar, 1990. 

Table 2.3 

Frequency (f), Cumulative Frequency (c.f.), Relative Cumulative Frequency (r.c.f.) and 

Relative Frequency in Proportion (r.f.p.) of different Morphometric Variables 

A3 f c.f. r.c.f. (%) r.f.p. (%) 

0.0-0.9 7 

1.0-1.9 17 

2.0-2.9 14 

3.0-3.9 14 

4.0-4.9 4 

5.0-5.9 2 

6.0-6.9 7 

7.0-7.9 1 

8.0-8.9 1 

7 

24 

38 

52 

56 

58 

65 

66 

67 

36 

10.5 

35.9 

56.8 

77.7 

83 

86.6 

97.1 

98.6 

100.1 

10.5 

25.4 

20.9 

20.9 

6 

3 

10.5 

1.5 

1.5 

L 100.1* 



(L L)3 f c.f. r.c.f. (%) r.f.p. (%) 

0.0-2.9 4 4 6 6 

3.0-5.9 15 19 28.4 22.4 

6.0-8.9 23 42 62.7 34.3 

9.0-11.9 12 59 80.6 17.9 

12.0-14.9 4 58 96.6 6 

15.0-17.9 4 62 92.6 6 

18.0-20.9 5 67 100.1 7.5 

Z 100.1* 

f c.f. r.c.f. (%) r.f.p. (%) 

('L N)3 

5.0-9.9 18 18 26.9 26.9 

10-14.9 16 34 50.8 23.9 

15-19.9 11 45 67.2 16.4 

20-24.9 12 57 85.1 17.9 

25-29.9 4 61 91.1 6 

30-34.9 5 66 98.6 7.5 

35-39.9 1 67 100.1 1.5 

Z 100.1* 

p3 f c.f. r.c.f. (%) r.f.p. (%) 

0.0-1.9 1 1 1.5 1.5 

2.0-3.9 6 7 10.5 9 

4.0-5.9 20 27 40.4 29.9 

6.0-7.9 17 44 65.8 25.4 

8.0-9.9 12 56 83.7 17.9 

10-11.9 4 60 89.7 6 

12-13.9 5 65 97.2 7.5 

14-15.9 2 67 100.2 3 

Z 100.2* 
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THIRD ORDER BASINS OF KURSEONG SUB-DIVISIONS ARE PLOTTED ON 
ARITHMATIC PROBABILITY PAPER 
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D3 f c.f. r.c.£ (%) r.f.p. (%) 

1.5-1.99 4 4 6 6.0 

2.0-2.49 8 12 18 12 

2.5-2.99 25 37 55.3 37.3 

3.0-3.49 19 56 83.7 28.4 

3.5-3.99 4 60 89.7 6.0 

4.0-4.99 5 65 97.2 7.5 

4.5-4.99 2 67 100.2 3 

L 100.2* 

TJ f c.f. r.c.f. (%) r.f.p. (%) 

0.5-0.99 1 1 1.5 1.5 

1.0-1.49 6 7 10.5 9 

1.5-1.99 12 19 28.4 17.9 

2.0-2.49 23 42 62.7 34.3 

2.5-2.99 16 58 86.6 . 23.9 

3.0-3.49 5 63 94.1 7.5 

3.5:.3.99 3 66 98.6 4.5 

4.0-4.49 66 98.6 

4.5-4.99 66 98.6 

5.0-5.49 1 67 100.1 10.5 

L 100.1* 

Rh3 f c.f. r.c.f. (%) r.fp. (%) 

0-74.9 1 1 1.5 1.5 

75-149.9 3 4 6 4.5 

150-224.9 7 11 16.5 10.5 

225-299.9 18 29 43.5 26.9 

300-374.9 10 39 58.3 14.9 

375-449.9 13 52 77.7 19.4 

450-524.9 7 59 88.2 10.5 

525-599.9 3 62 92.7 4.5 

600-674.9 4 66 98.7 6 

675-749.9 1 67 100.2 1.5 

L 100.2 
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Rn3 f c.f. r.c.£ (%) r.f.p. (%) 

0.5-0.99 4 4 6 6 

1.0-1.49 11 15 22.4 16.4 

1.5-1.99 14 29 43.3 20.9 

2.0-2.49 9 38 56.7 13.4 

2.5-2.99 9 47 70.2 13.4 

3.0-3.49 10 57 85.1 14.9 

3.5-3.99 6 63 94 9 

4.0-4.49 3 66 98.5 4.5 

4.5-4.99 66 0 

5.0-5.49 66 0 

5.5-5.99 66 0 

6.0-6.49 67 100 1.5 

L 100 

* Rounding errors prevent the r.f.p. column from sununing to precisely 100%. 

A3 = Area of the third basins; ( L L )3 = Total length of streams within third order basins; ( L N)3 = Total 

number of streams within third order basins; P3 =Basin perimeter; D3 =Drainage density; T3 = Texture; Rh3 = 

Relief ratio and Rn3 =Ruggedness number. 

2.7.3 REGIONAL COMPARISONS 

On the basis of above studies (Table 2.3 and Fig. 2.8), it is possible to understand the 

regional distribution of major morphometric variables. In the analysis of A3, most of the 

third order basins located in the north-eastern, central and west central parts, fall within the 

category that is less than the break point value (3.5 square kilometer). This may be due to 

lithological and land-use characteristics. These are the areas, which are composed of 

susceptible phyllites, schists, sandstones, etc. and are extensively cultivated, yield more 

gully erosion. It would be rather very difficult to select subjectively the determining factors 

behind the regional distribution of the stream length. The regional distribution of drainage 
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Table 2.4 

Measures of Central Tendency and Dispersion* 

Sl.No. Variables Mean(X) Variance (V) St. Deviation Coef 

(S.D.) ofVar 
1 A3 2.99 3.53 1.88 0.63 

2 (LN)3 15.87 56.89 7.54 0.48 

3 N1 12.05 43.74 6.61 0.55 

4 N2 2.82 1.28 1.13 0.40 

5 LL3 8.49 23.11 4.81 0.57 

6 LJ 5.71 10.98 3.31 0.58 

7 L2 1.71 1.45 1.21 0.71 

8 L3 1.08 0.84 0.92 0.85 

9 Lb3 2.66 1.65 1.28 0.48 

10 Br3 1.37 0.30 0.55 0.40 

11 Rb1 0.84 0.0093 0.92 0.11 

12 Rb2 0.72 0.004 0.06 0.00 

13 p3 6.98 8.42 2.90 0.42 

14 D3 2.99 0.40 0.63 0.21 

15 T3 2.33 0.48 0.69 0.30 

16 Re3 0.90 0.052 0.23 0.26 

17 Rc3 0.79 0.065 0.25 0.32 

18 Rh3 344.8 20444 142.98 0.42 

19 Rn3 2.39 1.67 1.08 0.45 

20 H3 815.9 114800 338.8 0.42 

21 c3 0.35 0.0055 0.074 0.21 

22 - 0.49 0.03 0.17 0.34 L1 
23 -

L2 0.60 0.15 0.39 0.65 

24 - 1.09 0385 0.92 0.85 L3 
* Data compiled from Computer sheets, which has been preserved by the investigator 

density (D3) is also found interesting, and is perhaps controlled by the lithological and land-

use characteristics. The areas composed of susceptible Dalings and Damuda rocks are liable 

to vicious gully erosion and thereby, exhibit higher drainage density. The regional 
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REGIONAL DISPERSION OF MORPHOMETRIC VARIABLES OF THIRD ORDER 
BASINS IN KURSEONG SUB-DIVISION 
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distribution of stream frequency (F3) in the two population groups, above and below 2.75 

shows more or less similar trend like the D3. The distribution of P3, above and below the 

break point value of 7. 5 kilometers, shows little in the way of regional concentration. All 

areas, irrespective to relief, slope, geological structure and natural vegetation, have member 

of both these groups. It is thus, impossible to select subjectively the determining factor 

behind such distribution. 

This discussion of the numerical properties of the 67 third order basins, indicate how a large 

amount of data can be reduced, to manageable properties by the use of descriptive statistics. 

Eight morphometric variables, viz. the third order basin area (A3), stream number ( L. N3), 

length of the streams (L.L3), drainage density (D3), texture (T3), basin perimeter (P3), relief 

ratio (Rh3), ruggedness number (Rn3), have been examined and illustrated in (Table 2.3 & 

2.4 and Fig. 2.7, 2.8 & 2.9). Among the different controls of morphometric parameters 

within the basin, the lithological, topographical and the land-use are found more prominent. 

However, a detail discussion along this line has been carried out in the following sections. 

2.7.4 PAIR- WISE RELATIONSHIP AMONG MORPHOMETRIC VARIABLES 

The morphometric variables of the 67 third order basins (Tabie 2.2) are considered under the 

headings: Correlation and Regression Analysis. 

2. 7 .4.1 Correlation Analysis 

The results of the correlation analysis between morphometric variables, drawn from 67 third 

order basins, are presented in matrix form in Table 2.5. The correlation coefficients have 

also been checked against the table of significance and an account of these has also been 

indicated in the correlation coefficient matrix. The correlation matrix shows that there exists 

high 'Correlation between the various morphometric variables of the basin area (AJ), the 

stream lengths (L1, L2, L3 and ("'LL)3 and the stream numbers (Nl, N2, and L. N3,) at each 
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order. All these relationships bear logical explanations and are consistent with the view that 

the third order basins tend towards a state of internal order and organisation. The 

relationship between the relative relief (H3}, relief ratio (Rh3), textures ratio (T3}, are of 

interest in the analysis of the third order basins. There exists very good relationship among 

the parameters like bifurcation ration (Rb1, Rb~, perimeter (P3), length ratio (Lb3), breadth 

ratio (Br3) within the Kurseong Sub-Division third order basins. 

A3 

'fH3 

N1 

N2 

ll3 
L1 

L2 

L3 

Rc3 

A3 'fH3 N1 

Table 2.5 

Correlation Matrix For 19 Morphometric Variables Of 67 Third 
Order Basins Of Kurseong Sub-Division 

N2 LL3 L 1 L2 L3 Rc3 Re3 P3 Lb3 Br3 T3 03 C3 Rh3Rn3H3 

861 861 701 951 921 591 731 881 741 nt 9 354 284 513 

p 771 532 731 453 23 23 374 

0 781 642 731 433 24 22 364 

711 672 523 622 
s 

563 483 593 513 24 344 I 15 

T 881 751 721 8 10 404 493 
I 

821 672 741 13 374 45 v 9 

E 592 542 542 9 46 542 

751 662 414 8 5 14 22 

29 20 22 4 314 24 572 8 29 

Re3 6 2 1 6 6 2 15 5 8 443 

P3 26 41 552 

Lb3 NEGATIVE 542 523 20 40 513 

Br3 6 10 344 24 423 

T3 7 19 21 8 8 21 

03 403 29 29 20 16 14 14 13 1 284 20 403 8 334 

C3 11 23 6 5 284 

Rh3 324 334 344 19 344 324 21 363 383 552 19 4 314 

Rn3 304 14 23 

H3 334 14 24 

The Numerical Values Listed= r X 100, N = 67, 
Level of Significance: 1 = 99%, 2 = 98%, 3 = 95% & 4 = 90% 
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2.7.4.2 Linear Regression Analysis 

In order to understand the relationships between the various morphometric variables of the 

67 third order basins, the investigator has employed the simple linear analysis method. It has 

been found from the analysis that the various regression equations are found significant at 

99.9% level in most cases. The coefficient of determination (R2
) mostly lie well above 0.60 

(Fig. 2.10). The morphometric data of the study presents some problems especially when the 

nature of the process- response relationships are not precisely known. Thus, in some cases it 

is extremely difficult to decide which should be the 'response' and which should be the 

'process' variable. This stems from the fact that most geomorphological problems are the 

problems of multivariate analysis. Thus, sets of multivariate analysis have been conducted in 

the following sections. 

2.7.4.3 Multiple Relations Among Morphometric Properties 

The multiple relationships among the morphometric variables obtained from the 67 third 

order basins ofKurseong Sub-Division have been studied based on: 

a) by finding out sets of inter correlated variables within a correlation matrix, 

b) through multiple and partial correlation and 

c) through multiple regression techniques. 

Sets oflnter Correlated Variables: Correlation matrices (Table 2.5) can be used to assess the 

presence or otherwise, of the groups of inter-correlated variables. This is done by resorting 

the position of the variables around the margin of the table in such a way that the highest 

positive correlation coefficients fall nearest to the central diagonal line. Here, the 

coefficients are recorded twice for each pair of variable. A greater visual impact has been 

made by representing the level of correlation by density shading. Thus, the numerical 

information of Table 2.5 has been replaced by the Fig. 2.11. 
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Figure 2.10 
Linear Reg~ession Analysis -of Some of the Morphometric Variables of the 67 Third Order Basins 

of Kurseong Sub-division 
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Figure 2.11 

Correlation Matrix For 19 Morphometric Variables Of 67 Third 
Order Basins Of Kurseong Sub-Division 
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Now, the groups ofhighly intercorrelated variables can be easily identified as follows: 

Group I: A3, L N3, N1, N2, L L3, L1, L2, and L3. 

Group IT: A3, P3, Lb3 and Br3. 

Group III: D3, C3. 

Group IV: Rn3, H3. 
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The resorting procedure, referred to above, is undertaken without references to the nature of 

the individual variable and is dependent solely on the level of correlation. It is relevant to 

note, therefore, that each of the groups of highly inter-correlated variables are distinct in 

type such as, Group I may be defined as basin size, stream length, number group, group II 

may be defined as area, perimeter, length and breadth, group III is the density and channel 

maintenance group and group IV is represented by relief and relief ratio group. 

Multiple Regression and Partial Correlation Analysis: Multiple regression is essentially 

useful for predicting one variable from a number of other variables whether the variables 

concerned are genetically related to each other or not may be quite another matter (Carson, 

1966). The purpose of multiple regression is to discover if the variation in the value of a 

particular variable is accounted for to a greater extent by considering its relationship to other 

variable taken together than when any of these are taken on their own. 

Area, Number and Length Relations: 

The multiple regression of Y(A3) on XI(L~h), X2(N1), X3(N2), X4(};L)3, Xs(LJ), X6(L2) and 

X 7(L3) of the 67 third order basins has been represented in the following form: 

A3= -2.234 + 1.923. LJ\T3 - 1.859.NI - 1.942.N2 (R2 = 0.9158) 

(t = 6564) (6564) (6564) (6564) 

[SE=-IJ [-J [-J [-J 

+ 2.91.123 - 2.609.LJ - 2.543.L2 - 2.705.L3 (F = 91.638) 

(1.22) (-1.09) (-1.07) (-1.14) 

[2.38] [2.38] [2.38] [2.38] 

Here, the power of independent variable (LJ\T3 . . . L3) on the dependent variable (A3) is 

91.58% i.e. only 8.42% ofvariations inA3 is controlled by random factors. The F statistic 

is very high (91.64) and indicates the overall regression exercise is highly significant. The 

total stream number and stream length have positive influence on the basin area (A3) and the 

respective correlation matrix has been shown in the following form: 
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As INs N1 N2 ILs LI L2 Ls 

As 1 

INs 0.8612 1 

NI 0.8617 0.9958 1 

N2 0.7041 0.8450 0.7925 1 

ILJ 0.9508 0.8576 0.8568 0.7089 1 

LI 0.9240 0.8421 0.8462 0.6670 0.9728 1 

L2 0.6912 0.5345 0.5208 0~5188 0.7158 0.5752 1 

LJ 0.7246 0.7454 0.7439 0.6199 0.7774 0.7220 0.3516 1 

Basin Area and Basin Geometry: 

The multiple regression of Y(As) on X1(Ps), X2(Lb3) and Xs(Brs) may be represented in the 

following form: 

As= -8385 + 0.2324Ps + 0.2370.Lb3 + l.5648.Brs (R2 = 0.8645) 

("T" = -2.82) (5.20) (1.927) (8.30) (F = 133.93) 

[ SE = -0.29} [ 0.23} [ 0.24] [ 0.19] 

The power of independent variable (Ps, Lbs and Br3) in explaining the variation in AJ is 

86.45% i.e. about 13.55 % variations in A3 controlled by random factors. The negative 

intercept along with the positive values of Ps, Lbs and Br3 may be treated as the logical 

relationship among the variable. The F Statistic (133.93) indicates that the overall 

regression exercise is highly significant. The correlation matrix has been represented in the 

following form: -
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A3 p3 Lb3 Br3 

A3 1 

p3 0.8438 1 

Lb3 0.7397 0.8333 1 

Br3 0.7685 0.5282 0.4116 I 

Density and Circularity Relation: 

The relationship between the drainage density (D3) and basin circularity (C3) may be 

expressed in the following form: 

D3 = 5.863 - 8.224.C3 

("t" = 54.85) (-27.42) 

[SE = 0.11} [0.30} 

(R2 = .9204) 

(F= 751.74) 

It is a very good prediction equation because only 7.96% of the total variations in D3 may 

not be explained by the respective C3. The F Statistic has been calculated to be 751.74, is 

an indication of the very high level of sigilificance. The "t" Statistic of both the intercept 

and c3 is also been found to be significant at 99.99% level. 

Relief Ratio and Relative Height Relation: 

The relationship between the Rn3 (y) and H3 (x) has been shown in the following equation: 

Rn3= 240.81 + O.l3.H3 

("t" = 5.45) (2.57) 

. [SE = 44.15} [0.05} 

(R2 = 0.0920) 

( F = 0.0658) 

It is not a good prediction equation because only 9.2% of the total variations in Rn3 may be 

explained by the respective H 3 leaving 90.8% unexplained. However, the F Statistic (6.58) 

and. the "t" value (5.45 and 2.57) are found to be statistically significant. 
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2.8 CONCLUSIONS 

It is thus, apparent from the above analysis that geomorphologically, Kurseong Sub-Division 

may broadly be divided into two broad zones; the erosional form of northern hilly part and 

the accumulative from of southern piedmont zone. The former may further be sub-divided 

into ridge, upper hills and lower hills. The latter may be sub-divided into alluvial fan and 

deluvial plain. Among the major geomorphic processes acting in the study area, fluvial is the 

most important, however, denudational, slope wash, mass movement also play an important 

role in the final shaping of lower Darjeeling Himalaya. The following are the major 

geomorphic forms identified in the study area: denudate outlier, dome like summit, broad 

ridge, landslide scars, landslide tongue, deluvial and solifluxion plains, erosional cuttings, 

trough like valleys, gorge, river accumulation, alluvial fan, river terrace, etc. 
-

Geomorphologically, the region is young and active. Ridges are still convex in form. Slopes 

are gentler along the upper segments and steeper at the foot. Active down cutting is evident 

in many places along Mahananda and Balason valley. Tectonic disturbances and neo

tectonic activities are responsible for many geomorphic forms in the study area. 

The analysis of morphometric parameters of the third order basins reveals that the third 

order basin area (A3) is often highly correlated with many other variables so much so that it 

may called the "Devil' s own variables". Moreover, the problem of disentangling the 

influence of area on other apparent relationship frequently has been faced. This problem has 

been tackled by the techniques of partial correlation. The strong positive correlation between 

the basin area (A3), the stream lengths (I. L3, L1, L2, and L3) and stream numbers (I. N3, N~, 

N2) suggest that local reorganization- of drainage basin area may be expected to lead to a 

reduction in stream length and number. Conversely, the negative relation between basin area 

(A3) with drainage density (D3), suggests that these are likely to increase as the basin area 

decreases. This may be the result of drainage reorganization following the removal of highly 

erodible ridge flanks. The reduction of first order streams within the third order basins may 
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be due to an increase in the efficiency of the drainage network, in that, few streams are 

needed to meet the conditions in the area which has probably entered in the 'late youth 

stage". 

As the streams are young and very active, they are still extending their length with the 

consequent increase in relief ratio, drainage density, elongation ration and stream gradient to 

adjust themselves with the existing terrain typified by variations in lithology, structure, 

relief, vegetation and land-use. 
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CHAPTER Ill 

CHRONOLOGICAL HISTORY OF LAND-USE CHANGES 

3.1 INTRODUCTION 

A review of the changes of land-use pattern in Kurseong Sub-Division over the years, since 

the discovery of the Darjeeling area for its suitability as a hill station, reveals the various 

environmental factors that influence the degradation of an otherwise once a densely forest 

covered area in an ecologically fragile region. 

The study unfolds a plethora of man's heedless actions to nature, which have ultimately lead 

towards man's own destruction. The changes that have taken place and all that that have 

resulted through man's activities provide us with very important lessons which perhaps 

should not be ignored while planning any sort of developmental changes in the area. 

3.2 LAND-USE IN THE PRE-BRITISH ERA 

The area, which belonged to the Raja of Sikkim till 1835, was practically covered by dense 

forest inhabited perhaps by a few migratory Lepchas in the hills and the Meches in the 

foothills. There is a consensus among the reports of the early travellers in the region that the 

area was entirely covered by dense forests (Hooker, 1843). Captain Herbert, then Deputy 

Surveyor General described the area in 1830 as "completely clothed with forest from the 

very top to the bottom". The only other land-use, though negligible, is worth mentioning, as 

it was the most crude and primitive form of cultivation known as shifting cultivation. The 

trees were not felled but stripped of their main branches and debarked until they died. The 

dead trees were felled only when required for building purposes or for fuel. Cultivation was 

done in between the dead trees by scratching the humus and sowing seeds. Maize, wheat, 
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millet and rice were grown till the soil was exhausted, when they moved to another fresh 

area ( F.Pinn, 1986). 

3.3 LAND-USE CHANGES 

The land-use changes in the study area have been discussed chronologically under the 

following sub-sections: Figure 3.1 depicts the changes over the years graphically and Figure 

3.2 depicts spatial distribution of such changes since the last hundred years: 

Figure 3.1 

The Changing Pattern of Land-Use in Kurseong Sub-Division 
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3.3.1 THE BEGINNING OF BRITISH ERA 1835 -1871 

The Acquisition of the Tract 

The Raja of Sikkim formally handed over the deed of Grant of the Darjeeling tract to the 

British Government in 1835 (Dozey, 1989: Roy, 1972). In 1839, the British Government 
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decided to go ahead with the plans of building a road connecting the hill.station to the 

plains. It was from then onwards that the actual process of man induced environmental 

degradation started with patches of forests to large tracts of forest areas being cleared for 

building plots, roads, tea gardens railway lines and settlements. 

The Old Military Road 

The most significant and perhaps the forerunner of environment degradation during this 

initial period was the building of the road from the plains to Datjeeling through Kurseong. 

There appears to be complete neglect of the principles laid down in scientific men for 

making roads in mountainous areas, as the lines marked for the construction of the road ran 

through steep gradient from Pankhabari to Kurseong and then to Mahaldiram. During this 

initial phase, a few places of halt, the bungalows, were built up at Punkhabari, Kurseong, 

Mahildaram and Sonada by clearing the forests. By 1840, the road popularly known as the 

Old Military Road, a few huts/sheds as resting-places for the travellers, staging bungalows at . 
Punkhabari, Kurseong, Mahaldiram and Sonada and a hotel at Kurseong (Photo. 3.1) had 

been completed. The population then could have been 50. 

The Introduction of Tea 

Experimental planting of tea had been started from 1841 in the region and Dr. Campbell, 

Superintendent of Darjeeling, campaigned strongly for cultivating tea in the hills. Prospects . 

of tea cultivation within the area grew large, with the success of experimental plantations 

and between 1860 to 1864, the Ambutia, Makaibari, Singel, Sourini and Phuguri Tea 

Gardens were opened by companies like The Darjeeling and Kurseong Tea Company. By 

the end of 1866, gardens were also opened in the foothills with the Government offering 

land to investors on favourable terms. By 1871, there were no less than 20 tea gardens with 
' . . 

about 890 hectares forested area leased out for tea cultivation. 
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The Hill Cart Road 

In the meantime, the steep gradient of the Old Military Road which was unsuitable for 

bigger carts, had compelled the Government to start an alternate road in 1860. Thus the Hill 

Cart Road connecting Darjeeling to the plains was built from 1861 to 1869. The gradient of 

the road was gentle and as such, ran by a long round about route obviously through forest 
. ' 

clearings, hill and rock cuttings. With the· increase in tea gardens and more settlements, the 

population within the area multiplied and by 1871, the population as recorded, was 26937. 

3.3.2 THE EARLY DEVELOPMENTAL PHASE 1871 - 1899 

The Railway Line 

By 1878 a railway had been completed from Calcutta to Siliguri making the communication 

easier. However, the hill portion of the journey by Tonga proved to be tedious and an 

unsatisfactory means of transit to the general public with the cultivation of tea having 

developed remarkably and the industry firmly established. The maintenance of the road, 

which had become a costly affair as landslips were frequently disrupting the road, led to the 

construction of a steam tramway along the Hill Cart Road. The construction of the tramway 

commenced in 1879 and by the end or 1880, completed up-to Kurseong from Siliguri. By 

the year 1881 the Darjeeling-Himalayan Railway Company opened it for traffic to 

Darjeeling. The construction of this rail line, again, did involve further clearing of forested 

areas, hill and. rock cuttings besides the clearing of areas for stopping places at Sukna, 

Rangt;ong, Chunabhati, Tindharia, Gay~bari, Mahanadi and Tung. 

The Educational Set-Up 

I 

With the development having taken sol far, the need for primary education for the people of 

the hi~ls was felt, as there was apparently no organised school worthy of mention in the area. 

The Missionaries having made inroads in the region were the pioneers in meeting the 
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Photo. 3.1 Kurseong in 1871 

Photo. 3.2 Settlement around Tea Gardens 



primary educational needs of the people of the hills. Therefore, many plots of land were 

leased out for the construction of school infrastructure within the forest areas like the 

Victoria Boy's School founded in 1879 by Sir Ashley Eden followed by others like the Dow 

Hill School for girls, St. Helens' College, Goethal's Memorial School and the St. Mary's 

Theological College. 

The Introduction of Terrace Cultivation 

Following settlements and increase in population, agriculture in its traditional and 

introduced form was widely practised wherever feasible. Rice formed the staple agricultural 

product in the foothills with the Nepali settlers selecting level sites near the banks of rivers 

or water courses and laying out successive terraces. This system was definitely superior to 

the shifting cultivation practised by the Meches. In the hills, maize, millet, wheat, potato and 

cardamom were grown wherever feasible and even there the slopes were terraced to raise 

these hill crops. The introduction of terrace farming was, therefore, far more scientific and 

eco-friendly than the traditional methods practised by the Lepchas and the Meches and was 

perhaps the best alternative to shifting cultivation, specially at a time when forest 

conservancy was gaining importance and forest areas were being reserved. 

The Cinchona Plantations 

Another significant, though .localised change in the land use was the introduction of 

cinchona within the area. With the success of cinchona plantations in the Nilgiris, it was Dr. 

Anderson, the Superintendent of Calcutta Botanic Garden who suggested growing cinchona 

in the nursery in Darjeeling in 1861. This was followed by plantations in the Rangjo valley 

at Rangli, which was subsequently extended to Sittong on the southern slope of Rayeng 

valley within the study area. By 1881, about 300 acres of cinchona plantation had been 

established in the area. 
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3.3.3 THE DEVELOPMENTAL PHASE 1900-1951 

The first half of the century saw the tea gardens reaching their watershed as most of the 

areas suitable for tea cultivation had already been taken over by the tea gardens while most 

of the forest areas of the forest department were under reservation or in process of being 

reserved. The forests were being worked under various management plans. Another cause of 

the slowing down the extensions of tea plantations within the area was the severe depression 

following over production of tea by reckless extensions in India, Ceylon (Srilanka) and Java, 

and the depreciation in the value of rupee and the duty on tea imposed by Great Britain. By 

1905, 46 tea gardens, with an area of 6840 hectares under tea cultivation, had been 

established in the hilly areas of the Sub-Division. The following years saw very little forest 

areas giving way to other land uses except the 286 hectares of forests that were allotted at 

Latpanchar and Sittong for the extension of cinchona plantations and for the metalled State 

Highway through Garidhura to Mirik from Siliguri. The road from Mirik led to Sukhia 

Pokhri, which was ultimately connected to Darjeeling. 

By 1951, the pattern ofland-use in the Kurseong Sub-Division was more or less stabilised. 

The land-use and the extent of area under each are shown in Table 3 .1. 

Table 3.1 

Land-Use AreainHa. %ofarea 

Forests 13710 31.70 

Tea Gardens 19379 44.80 

Cultivated Area* 6116 14.14 

Settlements 6500 15.00 

Roads, etc. 150 0.3 5 

Cinchona 486 1.12 

*includes cultivated areas m tea gardens and settlements 
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3.3.4 CONSOLIDATION PHASE 1952- 1990 

Land Resumption 

With only about thirty two percent of the land under forest area and about forty five percent 

under tea gardens, there was hardly any scope for any substantial increase in area of other 

land use. Whatever increase there had been in agriculture resulted from the extension of 

cultivable lands within the settlement areas like the khasmahals (government estates) and the 

villages, and within the tea gardens. However an important landmark on the existing land

use was the enactment of the West Bengal Estate Acquisition Act, 1953 which rendered the 

earlier rules and regulations of the Bengal Wastelands Manual of 1936 void. The West 

Bengal Land Reforms Act followed this and the date of vesting of tea estates was notified to 

be 15th April1955. Consequently, the te~ gardens were allowed to retain only the necessary 

quantum of land, which, according to the opinion of the State Government, was required for 

the purpose, and the surplus land was resumed to the State. Provisions were therefore, laid 

for restricting the use and utilisation of the forests within tea gardens. This led to the 

resumption of the surplus lands in the tea gardens, which was to the advantage of the 

Government as 11979 acres of forests were resumed to the State. 

Population Boom 

The growth of population during the period appears to be quite significant as it has resulted 

in the increase ofthe number ofhouseholds in all the settled areas. Table 3.2 and Figure 3.3a 

& 3.3b shows th~ growth of population during the period. The environmental impact ofthis 

growth of population was significant in bringing about quantitative and more so qualitative 

changes particularly to the forests as the demand for fuel and timber shot up and the local 

people living around the forests entered the forest areas to fulfil their daily requirements of 

fuel wood. 
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Table 3.2 

1840 1881 1891 1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 

t:a 
~ 

;:::: 50 26937 44645 45187 41207 40357 51996 59986 65713 80743 100233 111302 146640 
0 
-~ 

= g. 
p.. 

Figure 3.3a 

The Growth of Population in Kurseong Sub-Division 
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3.3.5 THE PRESENT 1991 -ONWARDS 

The changes in the land-use pattern over the years have therefore, resulted in the situation 

that we are presently facing with all the maladies of an ever-increasing population that has 
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put a tremendous pressure on the environment. Table 3.3 & Fig. 3.4 indicates the land-use 

and t~e extent of area under each land-use for the present. 

Table 3.3 

Land-Use Area inHa. %ofarea 

Forests 16621 38.44 

Tea Gardens 13730 31.75 

Cultivated Area* 8650 20.00 

Settlements 7045 16.29 

Roads, etc. 245 0.57 

Cinchona 630 1.46 

* includes cultivated areas of tea gardens and settlement areas 

Figure 3.4 

Land-Use in Kurseong Sub-Division 
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The Forests 

The forests in the Sub-Division are presently under the jurisdiction of Kurseong Forest 

Division, Wild Life Division I, and Daijeeling Gorkha Hill Council. There are some forests 

within a few tea gardens. However, an interesting development that has taken place over the 

years is the growing of trees around household localities in the villages and other settlement 

areas. The overall extent of forest area is about 40 % percent of the geographical area of the 

Sub-Division. Out of this 23 %is under plantations and the rest still under natural and semi 

natural forests. 

The Tea Gardens 

There are 42 tea gardens within the Sub-Division occupying about 31% of total area. A few 

have become defunct. More than 50% of the population of the Sub-Division are within the 

tea gardens and therefore there is a build-up of a tremendous population pressure from the 

tea gardens on the environment (Photo. 3.2). 

The Cultivated Areas 

There has been an increasing trend in the cultivation of various crops in the Sub-Division 

although there is little scope of increasing agricultural area. The extent of area under 

cultivation is about 20 % of the total area. This could possibly have happened due to the 

gradual extension of cultivation within the households of settled areas and tea gardens 

(Photo. 33). 

The Settlements 
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Photo. 3.3 Horticultural activities- gaining popularity 

Photo. 3.4 Kurseong Town 



Settlement areas occupy about 16 % of the geographical areas. The number of households 

has increased substantially in the settled areas, particularly in Kurseong Municipality (Photo. 

3.4), the T.N. Road, and the villages and some of the Khasmahal areas. 

Roads and Communications 

The roads, surfaced and unsurfaced, are maintained by the Public Works Department and 

other local bodies and run along 244 kilometres within the Sub-Division. Some like the by 

pass road from Giddapahar to Tindharia, have been recently built over very steep and 

dangerous gradient. The T.N. Road remains disrupted continuously every year by landslides 

at several places. An important feature of the roads, particularly the T.N. Road is that quite a 

substantial number of households exist along these roads. 

The Cinchona Plantations 

There has been no further. extension in the cinchona plantations in the Sub-Division mainly 

because of the non-availability of suitable land for cinchona plantations. Whatever 

plantations had been carried out in the latter years were in the forest areas of Sittong and 

Latpanchar. These plantations occupy about 1.46% ofthe.total area. 

Study of the Population Density 

A study of the spread of population throughout the Sub-Division (Fig.3.3) reveals high 

population density per square kilometre in Sukna (more than 7000), Jamadar Bhita (more 

than 2000), Kurseong Municipality (more than 5000) and adjoining areas like Giddapahar, 

StMary's Hill (more than 2000) and Mirik (more than 3000). About 35% of the population 

of the study area reside in tea garden areas, which on an average have a population density 

of 3 78 per square kilometre. Many of the forest· areas and defunct tea garden have a density 

less than 50 while the south eastern parts of the study area comprising dense forests and 

portions in the south western parts are still practically uninhabited. 
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3.4 FOREST MANAGEMENT 

While all the changes in the land-use occurred in passage of time, the forests that formed 

one of the most important entity of the environment in the area, were treated in various ways 

to suit the needs of the time, and the policies of the Government started with indifference, as 

revealed from terminology of the virgin forests in the hilly tracts as "waste lands" for 

leasehold grants, to gradual concern for conservation. The salient features, as given under, of 

the various management practices that have been followed in managing the forest resources, 

illustrates the reasons for condition of the forests as they now are. 

Reservation 

Until 1863, the forests were being exploited with very low priority being giVen to 

conservancy in most parts of Bengal, and it was only after the first Inspector General of 

Forests, Sir Deitrich Brandis' proposal for conservancy of forest in Bengal, did the 

Government think of restricting exploitation of the forests. With the promulgation of the 

Government Forest Act VII of 1865, and the provisions laid therein, forest demarcation and 

reservation followed rapidly, the tract of Cooch Behar and Darjeeling being the first forest 

areas to be declared as forest under the act. Subsequently, more tracts were added, and a 

better description against each reserve given with the supercession of the act by the Indian 

Forest Act VII of 1878, and later on, in the year 1927, the Indian Forest Act XVI. 

Systems of Management 

With the reservation of forest areas, restrictions on exploitation were initiated by preparing 

annual/working schemes to fix the number of trees (particularly sal in the plain and terai 

areas) and introduce regular methods of treatments, as the forests, till then, were being 

worked under the permit system, which led to the removal of the best trees particularly in 

the accessible areas. Drawing up of working plans over the years followed this. 
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Bamanpokhri Working Plan and Scheme 1887 - 1902: The Working Plan of the 

Bamanpokhri Forests, prepared by Messers Chester and French in 1887, followed by 

working schemes prepared during 1895-98 which was carried out upto 1902 when regular 

working plans came into operation, put certain restrictions on the removal of sal while still · 

allowing continuous removal of 'kukats' (trees of less valuable species). Silviculture was 

less considered and exploitation yet given priority. Continued fire protection and opening 

out of canopy in mixed sal forests led to the suppression of sal regeneration by 

miscellaneous species and dense undergrowth. 

Working Plan of Kurseong Division- Hatt's Plan 1902- 1918: This working plan for the 

Kurseong Division prescribed Selection and Improvement Fellings with greater emphasis on 

sal. However, the high demands for firewood and box planking led to violation of the 

prescriptions and sal regeneration suffered due to sudden exposure ~d invasion of inferior 

spp. and climbers. Since 1919, Coppice Working Circle (CWC) was formed in mixed 

forests, Coppice with Standards (CWS) system being prescribed with rotation of 20 years. 

This plan led to the concentration of work in only one Range while the other was excluded 

in the first half of the felling cycle. 

Working Plan of the Upper Hill Forests- 1892- 1919: The forest of the upper hills were 

worked under the Working Plan of Mansion, 1892 to 1900-01, followed by Osmaston's 

Revision of the Plan in 1902 and Grieve's Plan from 1912-1919. Mansion's Plan prescribed 

a rotation of 160 years in 5 Periodic Blocks under the Shelterwood System and 

Improvement Felling. Osmaston revised the Plan, prescribing 8 coupes for Mahildaram in 

10 years with removal in final felling all shelterwood in succession, but no new regeneration 

was prescribed or undertaken. The drawbacks of Mansion's Plan of regeneration under 

shelterwood was the retention of 2/3 of origi~al crop including all the biggest stem and 

wolf trees. Overhead shade, as well as physical damage at the time of final felling hampered 

regeneration. More consideration was given to adequate seed dispersal from mother trees 

and felling coupes were prescribed in long and narrow strips across the contours, rendering 
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the area liable to erosion. The interval between two successive felling was too long and a 

whole area was partially planted instead of a smaller area thoroughly. 

Grieve's Plan 1912- 1919: The Plan avoided the second felling which was in most cases 

responsible for the destruction· of regeneration established after the first felling. Areas 

previously regenerated were put under a separate WC and the remainder divided into 

Coppice WC and High Forests. 30 years .rotation was prescribed for CWC to supply 

firewood to the Tea Gardens. For High Forests, selection system on a rotation of 150 years 

with 25 years Felling Cycle was prescribe~. During felling cycle, one half of Class 1 trees 

were to be removed in groups, utilising advance growth in the main, supplemented by 

planting wherever necessary. This method, was however, unsuitable and led to clear felling 
. ! 

in patches and since mature regeneration h~d not appeared, it was decided to prescribe the 

method of clear felling and planting in conjunction with taungya cultivation. The CWC, 

since 1918, was also put under the taungya system, as these areas required extensive 

restocking. 

Gent's Working Scheme 1919 - 1926: A period of experimentation to find out the best 

method of regeneration of sal and other species started with Gent's Working Scheme from 

1919-1926 particularly for the lower hills and the terai and plains. A shift from Selection to 

Uniform Systems by artificial and natural regeneration was aimed at. 

The whole of sal forests was put in one WC subdividing it in 3 FC viz. Hill, Sukna and 

Balason. A CWC was opened with felling cycle of 20 years to meet fuewood demand of the 

Tea Gardens. All non-sal bearing areas excluding CWC were put in Miscellaneous WC. 

This resulted in successful restocking of clear felled areas, improvement in the condition of 

sal and introduction of valuable species, in the coppice coupes. However, regeneration of 

miscellaneous species was still neglected. 

The successful experiments of clear felling followed by artificial regeneration of sal and 

other species led to the adoption of this Scheme, with main objective of converting irregular 

forests into a regular normal forests and improving species composition. 
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Datta's Plan: Datta's Plan of 1929-30 divided the forests ( excluding the upper hills) in 

Plains Sal, Hill Sall, Misc., Riverain, Afforestation, Protection and Undeveloped WC, for 

different treatments of the forests. Clear felling followed by artificial regeneration was 

prescribed for Plain Sal WC with rotation of 80 years and provision of selection thinning 

and climber. For Hill WC, selection and improvement felling for sal and different species 

was prescribed. Clear felling with artificial regeneration was prescribed for Bamanpokhri 

forests . 

. For Miscellaneous WC, clear felling followed by artificial regeneration and for riverain and 

Afforestation WCs, selection felling were prescribed. Removal of dry and fallen trees was 

allowed in Protected WC and no felling was prescribed in undeveloped areas. The result was 

observed in the Plain WC with sal regeneration coming up successfully. 

Baker's Working Plan for the Upper Hills 1920 - 1937: The upper hill forests were then 

being worked following Baker's Plan, dividing the forests ofMahaldiram, Upper Babukhola 

and Dhobijhora into 2WC for firewood and timber and charcoal respectively. Clear felling 

and planting in conjunction with taungya cultivation was prescribed. However, taungya 

cultivation was observed to be unsatisfactory, as it led to soil erosion and loss of nutrients. 

The Third Working Plan 1941- 1960: The Third WP divided the forest into 9 WCs with the 

objective of converting irregular forests into normal forests and to improve stocking both in 

quality and quantity. Soil erosion, water supply and demand for forest produce were also of 

concern. Clear felling followed by artificial regeneration was prescribed in 6WC, while 

selection felling to selection with improvement felling to discretionary felling in Protected 

and Undeveloped WC. There was improvement in the condition of sal pole crops, and the 

tendency to over-exploit sal was checked by prescription of volume control in Conversion 

WC II, however, much of the sal and good miscellaneous trees were felled in unallotted PB 

of different WCs to meet the war demand. The practice of regeneration by taungya was on 

the whole successful inspite of the drawbacks. However, plantation in the Hill Forest WC 

were patchy as seedlings got suppressed by vigorous coppice shoots of undesired species. 
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Due to lack of demand, the suggestion of a systematic removal of dhupi by clear felling and 

replanting the areas with suitable hill spp. could not be implemented. Clear felling was also 

· carried out to give way to cinchona plantations. This plan was revised after 13 years. 

The Fourth Working Plan 1954- 1963: The objectives of this Working Plan were to convert 

irregular mixed forests into regular, normal even aged forest in order to improve the future 

yield both in quantity and quality on the principles of sustained yield for meeting the 

demand of forest produce, minimise soil erosion and lan9slips, regulate war supply, permit 

cinchona plantation in forest lands and create a better environment for wildlife. There were 

10 WCs. Prescriptions were also made for bamboo, cane and khair. Complete fire protection 

was advocated in the forests. 

The Fifth Working Plan 1969 -1989: The Fourth W.P. was revised to incorporate the 

increasing industrial demands of forest produce. The cultivable hill forests were allotted to 

the Miscellaneous W.C. to -raise quick growing species. Steep and unstable areas of the hill 

forests and forests for water supply were allotted to Protection W.C. with no felling of any 

living tree prescribed. Riverain forest were placed under Riverain W.C. to protect the river 

beds and unstable river banks while the forest of the foothills and the plains were placed in 

the Plain W. C. to grow valuable species. The allotment of areas into various PB has not been 

done except PBI and clear felling followed by artificial regeneration has been prescribed for 

the W cs with yield being fixed by area alone. 

The Sixth Working Plan 1997-2018: Dictates of the Indian Forest Conservation Act 1980, 

Forest (Conservation) Amendment Act 1988, Wildlife Protection Act 1972, National 

Wildlife Action Plan 1983 and the order of the Hon'ble Supreme Court 1996 have called for 

the objectives of the Working Plan to strike a judicious balance between conservation and 

development of bio diversity on one hand, and effective utilisation of natural resources on 

the other hand. Accordingly six Working Circles have been prescribed namely:-

(1) Biodiversity and Wildlife Conservation and Preservation Working Circle. 
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(2) Eco-development and Eco-tourism development Working Circle. 

(3) Applied Forestry Research and Development Working Circle. 

(4) Intensive Biomass Development Working Circle. 

( 5) Conifer and Miscellaneous development Working Circle. 

(6) Broad Leaved Endemic Species Development Working Circle. 

Restrictions have been put on felling of natural forests and even plantations particularly in 

hills of Kurseong Division. 

The management practice can there(ore be traced from the pre-conservation days, when 

trees were exploited, through a period when restrictions were put on the removal of valuable 

species (while no substantial control was put to the removal of the miscellaneous species), to 

the present era of conservation of Bio-diversity. The objective of the Government, all along, 

was clearly to get maximum returns from the forests, which were already under the 

pressures created by population increase and development of tea industry. The endeavour of 

the Forest Department to improve the quality and quantity of the forests led to creation of 

plantations of only a few identified and useful species, which perhaps had an effect on the 

species diversity. Moreover the introduction of dhupi and the way in which it was planted as 

a monocrop proved to be harmful for the natural vegetation, with no under growth coming 

up. Even the systematic removal of the species and replacement with hill species could not 

be carried out because of less demand for the species. 

3.5 CONCLUSION 

The process of land-use change brought about by the development of the area through the 

passage of time has gradually increased the environmental hazards that we are now exposed 

to. Man's activities in the area has escalated the pressures of an increasing population on the 

ecologically fragile environment leading to widespread deforestation, soil erosion, landslips 

and landslides, and floods in the plains. The various steps that were taken to bring about the 

changes in the land-use and the direct and indirect results that emanated should be taken as 
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important lessons and as warmngs. Signs of environmental breakdown began to be 

manifested by the tum of the century itself, when the landslides of 1899, which took the toll 

of many lives and loss of a lot of property in the area following unprecedented rainfall, came 

as a warning to planners. The report of the Committee, which was appointed to inspect the 

condition of buildings, roads and drains to find remedies for preventing the occurrence of 

such landslides, narrowed down not only to the natural phenomena of the heavy amount of 

rainfall that was received during the particular period, but also, and more so, to man's own 

indifference and ignorance. The report revealed defective drainage of sites, excessive lead 

of drains, imperfect or badly constructed revetments, neglect to reduce or protect steep 

slopes, defective supervision of building sites and quarrying in unsafe localities. The 

findings led to the promulgation of an Act, which ensured immediate protection work to be 

carried out in the District. The fact that an Act could come into force and lead to extensive 

protection works which were considered necessary as far as preventive measures were 

concerned stands as one good example of the 'will' which needs to be emulated when we 

have all the advantages of modem technology today. 
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CHAPTER IV 
SOIL EROSION · HAZARD ASSESSMENT & STRATEGIES FOR 

CONSERVATION 

4.1 INTRODUCTION 

Soil erosion is probably the most destructive process that acts to reduce production from 

land. Top soils generally contain most of the nutrients and best structure for plant growth 

and materials eroded from the upper part of soil profile have detrimental effect upon crop 

yield and plant growth. The Kurseong Sub-Division of Darjeeling district was truly a 

nature's domain till the British occupation. With a very scanty population (below 1 

person/square kilometre), this hilly tract was densely covered by natural forest and had no 

major soil erosion problem. The cutting of trees to create open land for tea plantation, 

cultivation, settlement and road construction curtails transpiration and the unspent water 

feeds the run-off and infiltration. It invites drying up of jhoras, accelerated soil erosion and 

mass movements. Few measurements of soil erosion have so far been made in the area 

(Sarkar, 1987 & 1991) and the data available are derived mainly from studies of sediment 

concentrations in the rivers (Photo. 4.1 & 4.2). 

The aim of this chapter is to make a quantitative assessment of erosion hazard through the 

study of its processes and mechanisms. A number of diagnostic criteria have also been 

apprehended. Finally, a formula for proposed conservation plan has also been presented to 

protect the extremely vulnerable soil against erosion. 

4.2 ASSESSMENT OF SOIL EROSION HAZARD 

The assessment of erosion hazard is a specialised form of land resource evaluation, the 

objective of which is to identify those areas of land where the maximum sustained 
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productivity from a given land-use is threatened by excessive soil loss. The assessment aims 

at dividing a land area into regions with similar intensity of erosional hazard, as a basis for 

planning soil conservation work. The potential soil loss is the diminution of current or 

potential productivity, resulting in the action of physical factors such as climate, soil and 

topography but without the intervention of biotic factors. Biological activities, however, 

modify the natural/potential soil erosion and lead to the actual rate of soil erosion which is 

often known as the predicted soil loss (Requier, 1980). 

4.2.1 DIAGNOSTIC CRITERIA 

There are many factors that control the rate of soil erosion. Quantification of some of them 

can readily be done while, in case of others, quantitative assessment seems to be difficult. 

However, when a criterion or factor is lacking, it is possible to substitute it by another 

(FAO!UNEP, 1978) in the present study the following diagnostic criteria have been assessed 

quantitatively. 

4.2.2 METHODOLOGY 

+ Climatic/Rainfall erosivity (R); 

. + Soil factor/erodibility (K); 

+ Topographic factor/erosivity (L.S.); 

. + Biological factor/erosivity (C.P.) 

Detail·soil erosion hazard assessment of the Kurseong Sub-Division of Darjeeling district 

has been done through the 4 above mentioned diagnostic criteria, based on the existing 

standard literature and rating tables (Wischmier and Smith, 1965, 1978; Fournier, 1972; 

FAO!UNEP, 1978; Arnoldus, 1980, Requier, 1980 and Sarkar, 1987 & 1991) with necessary 

modifications. Rating value for crop practice and management factor for soil erosion 

(biological erosivity or C.P), is assigned in such a way that it can influence the final result 

according to their respective importance (FAO!UNEP, 1978). A detailed assessment of 

potential and predicted soil loss has been put forward as an example of "unit area". The site 
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Photo. 4.1 

Photo. 4 .2 

Sediment Concentration - in a tnDutary to Balason 

Sediment Concentration in Upper Mahananda in contrast 
to clear water of Sivakhola 



near Tindharia Tea Garden has been chosen for this purpose and the following diagnostic 

criteria have been employed for the hazard assessment: 

a) Climatic erosivity orR 

12 

R = L p,J JOmm / P-------------4.1 
l 

where, P?1c ·mm is the average monthly rainfall of months having >10 

millimetres rain in a single rainfall event i.e. 305.6 millimetres and Pis the annual rainfall in 

millimetres i.e. 2763 and hence, 

R = 270.40 

b) Soil erodibility or K, has been estimated based on the Universal Soil Loss Equation 

(USLE) nomograph, where, sand (0. 10-2.00 millimetres) content is 30.6%, silt and very fine 

sand (0.002-0.10 millimetres) content is 48.51%. Organic matter content is 2.56%, soil 

structure has been identified as coarse granular, soil permeability is rapid and hence, the K 

value has been calculated to be 0.24 (Fig. 4.2). 

c) Topographic erosivity (L.S) has been estimated based on USLE model such as: 

L.S = ~7{00 (0. 136+0.0097.S+O.OJ39.S2 ---------4.2 

where, L is the the length of the dominant slope in meter, i.e. 630 meter, S is the 

slope gradient in percentage, i.e. 46% and L.S is the topographic erosivity i.e. 72.82. 

d) Biological factor (C.P) has been calculated based on the parametric rating value 

(modified F AO/UNEP, 1978 model) i.e. 0.32. 

Two types of erosion hazard have been assessed by the investigator: 

i) The Potential Soil Loss by water erosion has been assessed from the first three 

diagnostic criteria i.e. 

Pe = R. K. L.S ----------------------------------------4.3 

i.e. 4725.73 tonslh-1/f1 
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and ii) The Predicted or Actual Soil Loss has been estimated based on the following : 

E = R. K. L.S. C.P------------------------------------4.4 

i.e. 1512.23 tons/h"1/i1 

4.2.3 CLIMATIC/RAIN ·EROSIVITY 

Soil erosion is closely related to rainfall, partly through the detaching power ofraindrops 

striking the soil surface and partly through the contribution of rain to run-off (Morgan, 

1986). The erosivity of a rainstorm event is thus, a function of its intensity and duration, 

mass, diameter and striking velocity of raindrops. Based on the work of Laws and Pearsons 

(1943), Weischmeir & Smith (1958) obtained the equation: 

K.E= 13.12+8.78 Log.1rl--------------4.5 

where, I is the rainfall intensity (mm/h-1
) and K.E. the kinetic energy (Jm-2/mm"1

). 

For tropical rainfall, Hudson, (1965), gives the equation: 

K.E = 29.8-12711------------------------4.6 

based on measurements of rainfall properties in Zimbabwe, Zanchi and Torri (1980) carried 

out similar research in Italy and obtained : 

K.£=9.81+11.25 Log.Jrl----------· --4.7. 

But all the methods require a continuous rainfall data which is not, generally, available from 

the present recording stations of the study area. However, the Fournier's Index (1972): 

R = Pm2 IP -------------------------4.8 

where, Pm is monthly rainfall having highest rainfall and P is the mean annual rainfall in 

millimetres, can easily be calculated within the limitations of insufficient rainfall records. 

This index is very popular due to its simplicity, but correlation study between it (Equation 

4.8) and K.E (Equations 4.5, 4.6 and 4.7) show that the Fournier's Index can hardly be used 

to approximate the R factor (Arnoldus, 1980). Thus, the FAOIUNEP experts (1978) have 

tried to modify the Fournier's index (Equation 4.9) in such a way that not only the month 

that receives the highest rainfall but also the average monthly rainfall can affect the 

evaluation of the R factor: 
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SUB- DIVISION 
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12 

R ::: L p2/P --------------------------------------4.9 
1 

where, p is the average monthly rainfall and P is the annual rainfall in millimetres. 

The investigator has tried to correlate the R value of Equation 4. 9 and that of KE (Equations 

4.5, 4.6 and 4.7), through the data available from Dilaram andNagri recording station. The 

result has not been found satisfactory, probably due to the fact that the F AO/UNEP model 

(Equation 4. 9) only average monthly rainfall is the criteria leaving the intensity of rainstorm 

untouched. Sarkar (1988) in his study of rainfall intensity study ofDarjeeling Himalaya has 

modified the F AOIUNEP model in the following manner: 

12 

R = L PrJo mm I P------------------4.10 
1 

The present investigator has found that the Equation 4.10 suits best. as an effective 

alternative of the existing standard index for the evaluation of rain erosivity (R) for the study 

area. An iso-erodent map of the study area has been prepared based on interpolation method 

(Fig. 4.1). The highest rain erosivity (696.5) has been recorded at the Ambutia Tea Garden 

and the lowest (281.0) at the Sittong Cinchona Plantation. Generally speaking the southern 

slope of the Mahaldiram - Ghoom range show a higher (above 500) value of rain erosivity. 

The southern piedmont zone (foothills and Terai) also show high (>400) rain erosivity. The 

· inner valley and eastern part of the Kurseong Sub-Division show moderate to moderately 

low erosivity ( <300). However, for better understanding of geographical distribution of rain 

erosivity the following classes have been recognised (Fig. 4.1). 

Class 1: Very high rain erosivity (>500), has been recognised along a narrow east - west 

elongated belt extending form Mahaldiram to Ambutia Tea Garden. These are the areas 

located along the southern windward side of the Mahaldiram range. 

Class ll: High rain erosivity (400-500) zones are found in two distinct areas: 
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a) along the northern part of the study area i.e. around the valleys of Mahananda and 

Balason and b) in a narrow east- west belt along the foothills i.e. from Longview to Gulma 

Tea Gardens. 

Class III: Moderately high rain erosivity (300-400) has been identified in the most 

central part of the study area. This erosivity class covers over one half of the study area. 

Class IV: Moderately low rain erosivity(< 300) zones are to be noticed along the extreme 

western and eastern part of Kurseong Sub-Division i.e. Mechi - Balason and Mahananda -

Tista interfluves. 

4.2.4 SOIL ERODIBILITY 

Erodibility defines the resistance of soil to both detachment and transport. Although, soil 

resistance to erosion depends in part on topographic position, slope steepness and nature of 

disturbance created by man, yet, the properties of soil are more important determinants. Soil 

erodibility varies with soil texture, aggregate stability, shear strength, infiltration capacity 

and organic and chemical properties. A good number of research work have so far been 

done for the approximation of soil erodibility index, since 1930 (Morgan, 1979). The 

Dynamic Field Oriented Methods ofWischmeir and Mannering, 1969, seems to be the best 

representative. The assessment of soil erodibility risk (K) of the Kurseong Sub-Division has 

been calculated from the Soil Erodibility Nomograph (Fig. 4.2) of the USLE (Wischmeir, 

Johnson and Cross, 1971) based on the following : 

i) the percentage of sand, silt and very fine sand (USDA, 1951 ), 

ii) the organic matter content in percent, 

iii) the structure and 

iv) the profile permeability. 

It has been found from the analysis that the K value varies from 0.15 to 0.61 in the study 

area. A soil erodibility map has been prepared based on the available K value. Low 
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erodibility (<0.2) has been detected around the Mahaldiram- Ghum ridge, Okaiti- Simana 

Basti ridge and along the eastern part of the Mahananda basin. The north central, 

Mahananda and Balason basins and the southern Terai possess moderate to high rate of soil 

erodibility (> 0.4). 

The following erodibility classes have been identified (Fig. 4.3): 

Class 1: High soil erodibility (K = > 0.5) has been identified in a number of narrow and 

elongated tracts, along the major valleys and cliff surfaces. 

Class ll: Moderately high soil erodibility (K = 0.4-0. 5) has been identified in and around 

very steep hill slopes and around valley floors. 

Class ill: Mode~ate soil erodibility (K = 0.3-0.4) is perhaps the most common in the study 

area and is found in almost everywhere in the Kurseong Sub-Division. 

Class IV: MIDterately low soil erodibility (K = 0.2-0.3) is found around two areas: 

a) along the gently sloping ridges and b) southern forest covered foothills. 

ClassY: Low soil erodibility (K = 0.1-0.2) has been encountered mostly along the densely 

forested foothills i.e. Tista - Mahananda interfluves, and some tracts along Mahananda -

Balason interfluves. 

4.2.5 TOPOGRAPHIC EROSIVITY 

Soil erosion would normally be expected to increase with the increase of slope steepness and 

of slop(( length as a result of respective increase in velocity and volume of surface run-off. 

The relc_t~ionship between erosion and slope can be expressed by the following equation: 

Qi a tanme.Ln (Morgan, 1979) ---------4.11 

where, e is the slope gradient angle and L is slope length. 
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Many researches have so far been done on the effect of slope in erosion based on the data 

obtained from experimental station (Mayer & Wischmeir, 1969; Gabriel, Powels & De 

Boodt, 1975 and D'Souza & Morgan, 1976). The assessment of topographic erosivity L.S in 

the study area has been carried out based on the model of the USLE (Equation 4.2). Based 

on the calculated L.S value, a topographic erosivity map has been drawn (Fig. 4.4). The 

topographic erosivity (105.43) has been found to be the highest along the southern slope of 

the Mahaldiram ridge, while, very low topographic erosivity (below 5) has been estimated 

along the ridges and southern piedmont areas. It has been found from the analysis that the 

entire northern and central part of the study area possess high L.S (> 50.0) while the 

southern foothills and alluvial fans and along some very small pockets on the ridge tops 

exhibit low to moderately low topographic erosivity L.S < 10.0). The remaining area have 

moderate erosivity value ranging form 10 to 50. 

4.2.6 BIOLOGICAL EROSIVITY 

Biological factor, particularly land-use, soil management and cultural practice have many 

and varied effects and the generalisation and quantification of these effects of an area are 

often difficult and complicated (FAOIUNEP, 1978). The biological erosivity or C.P of 

USLE, in the study area has been assessed based on the parametric rating value of each of 

the different types of land-use (Table 4.1), because, the land-use types and patterns 

ultimately depend on the complex physico-biological processes and it reflects, the human 

level of interference in the natural ecosystem (Sarkar, 1989). A biological erosivity C.P map 

has been prepared (Fig. 4.5) from the available C.P index, which includes C and P 

coefficients of the USLE. It has been found from the map (Fig. 4.5) that the biological 

erosivity is mostly dependent on the existing land-use pattern. Very high C.P value (0.5 to 

0.8) has been identified in several pockets along the north-central part of the Mahananda and 

Balason basins, and low to very low C.P has been noticed in the forested ridges, eastern part 

of the Mahananda basin and in the foothill areas. The following biological erosivity classes 

have been identified from the Figure 4.5: 
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Class 1: Very high biological erosivity (C.P = > 0.6) has been found in two distinct zones : 

a) in the hilly north-central part of the Mahananda and Balason basins, due to extensive 

human interference i.e. heedless deforestation, unscientific slope cultivation of root crops 

like ginger, cardamom, potato, onion, etc., which are highly vulnerable to soil loss (Sarkar, 

1987) and b) the southern Terai due to near complete destruction of natural vegetation. 

Class II: High biological erosivity (C.P = 0.4 to 0.6), has been identified along the major 

river valleys and in some degraded tea garden areas. 

Class III: Moderate biological erosivity (C.P = 0.2 to 0.4), is perhaps the most common 

class found in the study area mostly identified in and around tea gardens. 

Table 4.1 

Parametric Rating Value for Different Land-use Patterns 

Sl. Major Land-use Type Percentage Rating Value 
No. Cover'!g_e 
1. Virgin forest with a thick vegetal matter in the 100% 0.0005 

forest floor 
2. Natural vegetative cover, I.e. forest, bush, 100% 0.001-0.0005 

permanent grasslands 
3. Natural vegetative cover I.e. forest, bushes, 50-100% 0.05-0.001 

permanent grasslands 
4. Tea gardens (well stocked) 100% 0.05-0.1 
5. Degraded forests, rough permanent grasslands and 25-50% 0.05-0.1 

other perennial cover 
6. Degraded to semi-degraded tea garden 25-50% 0.1-0.2 
7. Row crops, intertilled crops 20-80% 0.2-0.8 
8. Terraced cultivated field 10-50% 0.2-0.8 
9. Root crops such as ginger, potato, cardamom 50% 0.8 
10. Bare soils, cultivated fallow cover 0 1.0 

Based on FAOIUNEP, 1978 & Sarkar, 1987, 1993 

Class IV: Low biological erosivity (C.P = 0.01 to 0.2) has been encountered in densely 

forest covered upper slopes i.e. around ridges and b) forested mid slopes and small valleys. 
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Class V: Very low biological erosivity (C.P = < 0.01) has been notice over the south

eastern and south central foothills which is still under dense vegetative cover. 

The biological erosivity C.P constitute the most important and the ultimate factor for the 

quantitative assessment of the predicted or actual soil erosion from a given area, over a 

given period, such as, a highly vulnerable zone of potential erosion hazard may have 

insignificant amount of predicted or actual soil loss, if the region is under the cover of dense 

natural forest. 

4.2. 7 THE POTENTIAL SOIL EROSION 

The potential soil degradation is the diminution of current or potential productivity or 

suitability which results from the action of physical factors without the intervention of 

biological factors (Requier, 1980). A potential erosivity map (Fig. 4.6) of the Kurseong Sub

Division and its environs has been prepared form the available quantitative information, 

based on the following equation: 

Pe = R x Kx L.S ------------------------4.12 

It has been found that most of the study area except southern piedmont zone, show high 

degree of potential soil erosion due to its topographic configuration. But, its spatial variation 

seems to be striking and for a better description, the following gradation have been put 

forward: 

Class 1: Exceptionally high potential erosivity zone, where the potential soil loss has been 

estimated to be more than 15,000 tons/h-1/y-1 or, 600mm/i1
, found along the southern and 

western steep slopes or Mahaldiram range, western and eastern spur of Selim hill. 

Class ll: Very high potential erosivity zones (Pe = 10,000 to 15,000 tons/h-1/i1 or 400-

600mm/i1) are noticed along the south-eastern slope of Kurseong-Pankhabari ridge, 

southern spur of Mirik dome, western spur of Latpanchor ridge and western spur of 

Kurseong-Sonada ridge. 
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Class III: High potential zones, with the rate of soil loss varying from 5000 to 10,000 

tonslh-1/f1 or, 200-400mm/f1
, are found to be the most common potential erosivity class in 

the study area. Most of the central part ofKurseong Sub-Division falls under this category. 

Class IV: Moderate erosivity zones (Pe = 2000 to 5000 tons/h-1/y-1 or 80 to 200mm/f1
) 

are encountered around the major tea garden areas of western Balason river, around Mirik 

dome, and in some upper slope of the Mahaldiram range. 

Class V: Low erosivity zones with the potential soil loss estimated to be in between 1 000 to 

2000 tons/h-1/f1 or 40 to 80mrnlf\ and have been identified in and around the major ridges, 

wide valleys and along the southern foothills. 

Class VI: Very low erosivity zones (below 1000 tons/h-1f 1 or below 40mrnlf1
) has been 

noticed in a very narrow east-west elongated zone along the extreme southern part of the 

Kurseong Sub-Division i.e. Panighata-Longview-Sukna-Gulma area. 

The potential erosivity map (Fig. 4.6) ofKurseong Sub-Division provides a basic inventory 

for estimating the ·actual or predicted soil erosion hazard. This may also provide an 

appropriate tool for the future land-use planning and conservation practice. 

4.2.8 THE PREDICTED SOIL EROSION HAZARD ASSESSMENT 

The predicted or actual soil erosion hazard has bee assessed based on the potential erosivity 

and the biological erosivity by using the equation : 

E = R x Kx L.S x C.P ---------------------------------------4.13 

An isoerodent map has been prepared by interpolating the E values of different sites (Fig. 

4.7). It has been found that the north central parts of the Mahananda and Balason basins 

(Photo. 4.3) show exceptionally high rate of soil loss(> 2500 tons/h-1/f1
), while very low 

rate of soil loss(< 5 tons/h-1/f1
) has been estimated along the southern piedmont area and 
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the northern forested ridges (Photo. 4.4). However, for a better understanding of the 

geographical distribution of erosion hazard zones, the following susceptibility classes have 

been identified (Fig. 4.7). 

Class I: Exceptionally high susceptibility zones, where the soil loss have been estimated 

to be above 2500 tons/h-1 li\ are identified along a few pockets around the valleys of major 

rivers and along some highly disturbed hill slopes, particularly around Tindharia-Paglajhora 

area. 

Class IT: Very high erosion hazard zones (E = 1250 to 2500 tons/h-1/i1 or 75 to 150mmli 

\ have been noticed in some settled and cultivated tracts around Chunabhati-Mahanadi 

belts, Central Mahanada-Balason interfluves, around Selim hills and along the western spur 

ofKurseong-Tung ridge. 

Class ID: High erosion hazard zone (E = 250 to 1250 tons/h-1/i1 or, 15 to 75mmli1
) has 

been concentrated in the Mahananda-Balason interfluve. This is the most extensive erosion 

hazard zone found in the study area (Photo. 4.3). 

Class IV: Moderate susceptibility zones (E = 50 to 250 tons/h-1/i1 or, 3 to 15mm/i1
) , are 

identified in two areas: a) the Mechi-Balason and b) the Mahananda-Tista interfluves. 

Class V: Low susceptibility zones (E =5 to 50 tons/h-1/i1 or, 0.3 to 3mmli\ have been 

identified around the Mirik dome, gently sloping upper slope of the Mahaldiram range and 

along the lower Balason valley. 

Class VI: Very low erosion hazard zones where the rate of soil loss have been estimated to 

be in between 1 ton to 5 tons/h-1/i1 or, 0.06 to 0.3mmli1 are encountered a) on the ridge 

tops and b) along the southern margin of the foot hills (Photo. 4.4). 
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Class Vll: None to negligible susceptibility zone where theE value have been estimated to 

be below 1 ton/h"1/y"1 or< 0.06mm/y"1
, is found along a narrow belt on the extreme south of 

the study area i.e. the Mechi-Balason-Mahananda-Tista alluvial fans. 

Thus, the erosion hazard zone map as produced in the Figure 4. 7 coincides very well with 

the quantitative assessment of susceptibility and hazard done earlier, based on the evaluation 

of the R, K, L.S and C. P factors independently. 

4.3 STRATEGIES FOR SOIL EROSION CONTROL 

The aim of soil erosion control vis-a-vis soil conservation is to maintain erosion below a 

threshold level which theoretically permits natural soil erosion (Morgan, 1986). The 

maximum acceptable rate of erosion is known as the soil loss tolerance, which is very 

difficult, if not impossible to estimate. Soil loss tolerance has been estimated by Scientists, 

varying from 0.01 in semi desert environment to as high as 1.5mm/y"1 in certain tracts of 

humid tropics and humid temperate environments (Boul, Hole & Me Mracken, 1973, 

Kirkby, 1980, Zacher, 1982, etc.). Considering the available information in this regard, 

Sarkar (1993) has proposed a target of 0.3mm/y"1 soil loss as the uppermost limit for soil 

erosion control in the Darjeeling Himalaya. 

It has been found in the study area that water is the single most important agent of soil 

erosion. Among the mechanisms of erosion, rainsplash and run-off are found to be more 

important. The strategies for soil conservation must be based on covering the soil to protect 

it from raindrop impact, increasing the infiltration capacity and increasing surface roughness 

to reduce the velocity of transport phases of erosion (Table 4.2). Soil conservation schemes 

must be well designed if they are to reduce erosion effectively. Their ultimate success 

depends on how well the nature of the erosion problem has been identified and on the 

suitability of the conservation measures selected. 
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Table 4.2 

· Impact of Conservation Measures in Soil Erosion Mechanism 

. Rainsplash Run-off 
Conservation Measures D T D 

A Agronomic Measures 
i) Covering soil surface 0 0 0 

ii) Increasing surface roughness * * 0 
iii) Increasing surface depression storage + + 0 
iv) Increasing infiltration * * + 

B. Soil Management 
i) Fertiliser application + + + 

ii) Manuring 0 0 0 
iii) Drainage + + 0 

C. Mechanical Measures 
i) Contouring * + + 

ii) Terraces * + + 
iii) Shelterbelts * * * 
iv) Waterways * * * 

* = no control; + = moderate control; 0 = strong control, D = detachment; T = transport 

Modified from Voetberg, 1970; Morgan, 1980. 

4.3.1 PROPOSED CONSERVATION PLAN FOR THE STUDY AREA 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

T 

The assessment of soil erosion in Kurseong Sub-Division reveals that the soil of the area is 

highly erodible. This coupled with favourable environmental conditions often yield very 

high rate of soil loss. The climatic conditions also help in rapid decomposition of parent 

rocks which, ultimately help in rapid soil formation. Keeping these two points in mind, the 

investigator has been proposing a target of 0.5kg/m .. 2"y"1 or 5 tons/h .. 1/y"1 of soil loss be 

accepted as the p~rmissible limit. 

Although, the entire study area possess high erosion risk, yet the investigator has identified 

some highly vulnerable areas which need immediate conservation measures. The Figure 4.8 

shows the proposed level of conservation measures required to protect soil against erosion. 
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The various erosion classes their respective level of conservation and the recommended 

measures are given in tabular form in the Table 4.3. 

Table 4.3 

Conservation Measures Proposed for Different Soil Erosion Classes 

Major Erosion Rate of Soil Loss Level of Recommended . Conservation 
Classes in tons/h-1 /i1 Conservation Measures 
VII Below I None -
VI I to 5 None to No immediate specific 

Negligible conservation measure IS needed 
except careful crop management. 

v 5 to 50 Low Crop rotation, cover crops, strip 
cropping, contour bunds, along 
with suitable waterways. 

IV 50 to 250 Moderate Cover crops, mulching, organic 
matter management, retention and 
bench terraces, channel diversions, 
terrace channels, grass waterways, 
etc. 

m 250 to I250 High Cover crops, mulching, ladder and 
bench terraces, waterways, storm 
water disposal systems along with 
slope stabilisation. 

II I250 to 2500 Very high Here, all possible agronomic, 
mechanical and soil management 
methods should be adopted 
simultaneously, suitable cover 
crops, mulching, adequate 
retaining ~all and grass and /or 
masonry waterways. 

I Above2500 Exceptionally Agriculture should not be allowed 
high in such areas. They should be kept 

under natural cover i.e. permanent 
grass or forests. 

4.4 CONCLUSIONS 

The forest clad mountains with high precipitation ofKurseong Sub-Division ofDarjeeling 
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Himalaya reveals man's heedless activities, which elevate the average soil erosion manifold. 

Complete severance of the topsoil and forest from bedrock is visible in these areas and this 

once lush green mountains and rolling foothills are becoming barren and less suitable for 

human habitation. 

The worst affected north-western and north-central parts of the upper Balason and upper 

Mahananda basin are mostly deforested along with skeletal soil and very steep slope (>30°), 

need immediate conservation measures as mentioned in Table 4.3. Specialattention should 

be taken along the roads, railways, tea gardens, agricultural terraces and in and around the 

existing settlements. Large scale afforestation with suitable terracing and drainage facilities 

become . necessary to check massive soil loss. While, the southern and south-eastern parts 

have revealed very low to negligible amount of soil loss (below 5 tons/h"1/i1
). This amount 

is below the upper limit of the permissible soil erosion and thereby, no immediate 

conservation measures are required. 

High to very high level of conservation measures are also required in many areas of northern 

and central parts of the study area, where, the amount of soil loss has been estimated to be in 

between 250 to 2500 tons/h"1 /i1
. These are the areas of extensive tea plantation and terrace 

cultivation. Moderate level of conservation has been proposed for the areas located along the 

ridges and the southern margins of the study area. While, low level of conservation 

measures has been recommended for the southern piedmont slopes and the northern ridges. 

Although, these regions have no immediate visible degredational problems, yet need to be 

brought under the conservation measures, keeping in mind long term consequence of soil 

erosion. 

Among the var1ous soil conservation measures, agronoffilc measure should be gtven 

preference because it is less expensive and deals directly with reducing raindrop impact, 

increasing infiltration, reducing run-off volume and decreasing water velocity. It is also easy 

to fit them into an existing farming system. The conservation schemes must be well 

designed and their ultimate success depends on how well the measures are implemented. 
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The willingness and the socio-economic background of the farmers and others to adopt the 

techniques required by a particular strategy is also very important. 
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CHAPTER V 

LANDSLIDE & ITS IMPACT ON ENVIRONMENT . 

5.1 INTRODUCTION 

Landslide is the most pervasive of natural problems that undermine the economic and 

cultural development of the Kurseong Sub-Division. of the Darjeeling Himalaya. Records 

since 1849 show a sharp acceleration in the rate of devastating slide occurrences along with 

innumerable lesser slips leading to the loss of life and heavy damages to land and property. 

The situation has deteriorated further in recent years, the last two decades having witnessed 

-the worst landslides on hill slopes and heaviest floods in the valleys of North Bengal plain .. 

A cursory glance at slide statistics gives a fearful idea of the enormity of the damage done in 

the past and present threat to the life and property. During the last 100 years, over 1000 

slides were registered covering an area of over 1000 hectares. More than 1000 lives were 

lost in addition to the loss of property and environment and the overall economic 

development of this strategically important region retarded again and again. 

Landslides are primarily nature's way of adjusting slope stability. However, the process has 

been accelerated manifold by human interference. Extensive heedless deforestation, 

haphazard constructional work, inadequate drainage have led to ·the establishment of the 

vicious cycle of degradation, heavy and concentrated rainfall aggravating the problem 

further. Implementation of the so called developmental schemes for boosting agnculture, 

forest and industrial growth, tourism, defence and communication on the Himalayan 

immature geology trigger problems, huge and complex, never encountered before. 

The situation had not been so desperate a hundred and fifty years ago, when Darjeeling 

became the British summer resort. The hills were densely forested with very thin population 

and the balance of nature was well held. Curiously, Darjeeling's source of prosperity "tea", 
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Photo. S .l Menace caused by Landslides around Kurieong 



has also been its bane. The tea gardens were opened at the expense of virgin forests, a 

practice, which was heedlessly followed till modem times. Tea workers who came in large 

numbers from adjoining areas took possession of any unoccupied forest land and practised 

shifting and slope cultivation. Thus, denuded areas between 500 to 2000 meters altitude 

became areas of highest soil erosion and the site for majority of landslides. The socio-

geographical factors have combined with it to produce a site of very diverse sliding 

phenomena. Many of them endanger settlements, highways, railways and public utilities 

(Photo. 5.1). The residents of this area and the large influx of tourists are forced to consider 

themselves as possible victims of landslides. 

From the available records (Griesbach, 1899-1900), it is found that the first disastrous 

landslide occurred on September the 24th. 1899, following unprecedented rainfall. Many 

episodes of disastrous landslides occurred the following years and many scientists have 

studied them from time to time (Basu, 1969-70; Bandopadhyay, 1980; Basu & Sarkar, 

1985,1987; Dutta, 1966; Ghosh,1950; Nautiyal,1951,1966; Paul,1973; Sen

Sharma,1967,1986; Sarkar,1996; Sinha, Verma & Paul,1975; Sondhi,1966; Starkel et 

al,1996,1998, Verma,1978; etc.) 

The aim of this chapter is to fill-in the gaps of information regarding the subject with a view 

to find the causes of this menace and suggest measures for its prevention. It also aims to 

identify landslide prone areas, to provide corrective measures and to ensure an all round 

protection. A number of case studies have also been undertaken. 

The methodology employed in this study is rationalistic one, comprising the quantitative 

determination of the stability factor of slope, analysis of soil, detail tabling of the 

composition and orientation of geological structures and the examination of 

geomorphological processes involved in sculpturing land surfaces, together with the study of 

the nature and extent of human interference. Data have mostly been _collected by the 

investigator through field survey. 
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Photo. 5.2 Landslide Scars in Hope Tea Garden 

Photo. 5.4 Slumping at Paglajhora 



5.2 NATURE AND PROCESSES 

Landslides occur in almost all types of slopes composed of various rocks in the Drujeeling 

Himalaya. Composite slides also take place involving soil or talus and underlying rocks. 

Slope failure is caused by shearing where the plane of shear taking the form of an arc of a 

circle in section leaving a parabolic outline of the slipped portion (Dutta, 1966). The most 

common occurrence of landslide is found along the springs (locally known as jhora) where, 

rock debris get detached from their parent body along the channel. Such channels later while 

carrying drainage water are generally widened by lateral erosion. Innumerable nalas 

(drainage channels) on hill slope developed due to slope failure and many landslides in some 

tea gardens and forests look like scars from a distance (Photo 5.2). 

Landslides on rocky surfaces seem to be primarily influenced by the structural elements of 

the parent rocks. Sliding also occurs in bedding and foliation in rocks, with prominent joints 

and shear planes along the slope. Observations in the soil-covered slopes reveal that slopes 

having an angle below 300 were not generally affected by slides. The talus material is 

formed due to weathering and loosening of rocks along the joints and foliation planes. Such 

material when dry or in a permanently drained state is stable at an angle of even 45° and the 

stability is not necessarily impaired by occasional wet spell. Slope failure in such materials, 

however, occurs by seepage pressure of percolating water during heavy precipitation. 

The tea garden slopes are generally formed of talus material with thin soil cover. Most of the 

slides have affected the talus material but at some places sliding along the joints have also 

been found. Generally, the displaced material scours long channels down the slope, which 

are visible as scratched scars on hill slopes. The width of these scratched channels originally 

does not exceed more than 25 meters or so but by subsequent erosion, they are further 

widened. Thus, once the slide has occurred, it generally remains a permanent feature and 

often increases its dimension. 
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Table 5.1 

Number of Landslides Registered in Different Rock Types, Slope and Topographic Position . 

Rock Types No.of Slope angle No. of Major Land- No. Topograp No. 

Lands (degree) & Lands use of hie of 

lides length lides Land position Land 

(meter) slides slides 

Sandstone 8 >55° & 25 Barren (rocky) Ridge 1 

>500m 

Shale 5 >55° & 12 Barren (talus) 5 Spur 17 

<500m (upper) 

Phyllite 30 45-55° & 33 Degraded 16 Spur 15 

>500m grazing land (middle) 

Schists 31 45-55° & 20 Natural grazing 3 Spur 4 

<500m land (lower) 

Slate 3 35-45° & 20 Teagarden 20 Valley 8 

>500m (upper) 

Felspathic 4 35-45° & 5 Arable land 19 Valley 12 

rocks <500m (middle) 

25-35° & 4 Urban area 4 Valley 19 

Granite and >500m (lower) 

Gneiss 18 25-35° & 3 Semi urban 6 Jhora 37 

<50 0m area (springs) 

Complex 15-25° & 4 ·Rural areas 8 Complex 15 

geological 16 >500m topograp 

structure 15-25° & < 1 Constructional 39 hy 

500m sites 

Unidentified 13 <15u & 0 Dense natural 6 

>500m forests 

Generally, deforested tracts, tea gardens, urban and settled areas are_ more susceptible than 

natural forested tracts. Geologically, the Dalings (phyllites, slates, schists and feldspathic 
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rocks) and Damudas (sandstones, shales) are more susceptible to landslides (Fig. 5.1). 

Table 5.1 shows cases of major landslides, and their topographical, geological and land-use 

set-up in the study area: 

5.3 MAJOR TYPES OF LANDSLIDES 

The Kurseong Sub-Division of lower Darjeeling Himalaya is characterised by various types 

of slope failures. It has been observed that each landslide has its own peculiarities, therefore, 

for the rational solution to the problem, it is imperative that the mechanism and the causes 

responsible for slope failure should be apprehended properly. The following are the 

important types of slope failures that have been recognised by the investigator in the study 

area: 

5.3.1 CREEPS 

The slow downslope movement of slope materials is called creep. This is usually 

imperceptible except to observations for long duration. The study area possesses many types 

of field evidences which have been held to demonstrate the existence of creep including 

outcrop curvature, tree curvature, tilting of structures and cracks (Photo. 5.3a & 5.3b). 

Creeping has often been found, above the T.N.Road near Mahanadi, Tung, near Sourini, 

south face ofDow Hills, Castleton T.G. below Sonada, Nagri, etc. 

5.3.2 SLUMPS 

Slumps generally have curved failure planes, and involve rotational movements of soil and 

rock materials. Slumping along many roads within the study area may be either due to the 

removal of basal support by water action or by overloading. Another potent cause of such 

slumping in the urban centre is due to human carelessness i.e. , leakage of water pipe lines 

etc. Perhaps, the best example of slumping has been found near Paglajhora (Photo. 5.4). 
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Photo. 5.5 Subsidence ofT. N. Road near Dilaram in1998 

Photo. 5.6 Debris Slide near Mirik 



Apparent subsidence ofthe T.N. Road near lower Paglajhora (23rd. milepost) stretching for 

a length of about 500 meter was first recorded by Dutta in 1966. Evidences show that during 

1950's disastrous landslides, a huge amount of debris was deposited below the T.N. Road, 

along the main Paglajhora. Subsequently, the river followed an underground channel 

draining through joints of the existing bedrock. Due to the enlargement of the underground 

passage through continuous erosion and corrosion, the basal support of the road is lost 

inducing the subsidence (Photo. 5.5). The rate of such movement has been estimated to be 

about 2.9 meters in between 1982-1986 (Basu & Sarkar, 1987). 

5.3.3 SOIL SLIPS 

Soil slips are generally of small magnitude regarding their length and affected area. Such 

slips are very common and in fact found almost everywhere within the study area, 

particularly in between Rangtong and Mahanadi. 

5.3.4 DEBRIS SLIDE 

Debris slides are generally of greater magnitude and are common and devastating too. 

Debris slide is caused along the weak plane even when they have gentler inclination than the 

"angle of sliding frictions" by the reduction of cohesion due to weathering and the rise of 

piezometric head. Debris slides are very common in and around Tindharia, Chunabhati, 

Mahanadi (Photo. 5.6). 

5.3.5 MUD-ROCK FLOW 

Most slips found in the study area are confined to the slope formed of talus material and 

where the slope angle is slightly more than 40°, due to seepage pressure of percolating water 

as a result of heavy rainstorm. After a slip starts, the saturated material rushes down 

transporting big blocks of rock eroding the channel of its own. These are known as mud-
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Photo. 5 .8 Debris Flow near Tindharia 

Photo. 5 .7 Mud-R.ockFlowalongT. N . Road 



rock flows . This type of landslide is very common in and around the lower Darjeeling Hills, 

particularly along the natural and artificial waterways (Photo. 5.7). 

5.3.6 DEBRIS FLOW 

This is another very common form of landslide found in the Kurseong Sub- Division. Here, 

over saturated slope material slide down at very high speed (Photo. 5.8). 

5.4 LANDSLIDE PRONE AREAS 

Identification of landslide prone areas has been done with the help of "check list" where 

each separate and discrete slope unit has been classified according to their stability rating. 

Rating has been done according to a scale from stable through the degrees of potential 

instabi lity to those slopes, which have already failed . Special attention has been paid to the 

old slides, which could become reactivated. The excavation position and depth, drainage 

diversion across the hills, loading of the upper slopes and valleys, cutting up of basal 

support, unscientific construction and land-use, deforestation, legacies from the past slope 

movements, relief, drainage slope materials, etc. have been accounted for in the check list 

(Appendix 5.1). Data for such investigation have been collected from the direct field 

observation (150 sample sites) as well as from other secondary sources. A landslide-prone 

zone map has been prepared and is shown in Fig 5.2. 

The map as represented in Fig. 5.2 shows some striking features, such as some tracts of the 

study area, especially along the Tindharia-Mahanadi, Pankhabari, Chunabhati, Ambutia, 

Selim hills, etc. areas posses very high susceptibility while, ridges, eastern part of 

Mahananda valley, Mirik Domes and some parts of forest covered lower hill exhibit 

moderate to moderately low susceptibility. However, for a better understanding of the 

geographical distribution of major landslide prone areas, the following classes have been put 

forward : 

94 



Class 1: Exceptionally High Slide Prone Areas:_ These are the areas where landslides are 

very common, and almost every year, during monsoon, some of the tracts experience slips. 

Three such pockets have been identified with the help of the checklist; (i) in and around 

Tindharia-Chunabhati, (ii) around Paglajhora and (iii) in and around Ambutia tea garden. 

Slide occurrence in these areas are of great concern because they not only cause heavy 

damage to land, property and human life, but_ also disrupt the vital communication link 

through the T.N. Road, the life line of the Darjeeling hills 

Class II: Very High Landslide-Prone Areas: Many settled areas and tea gardens of 

Kurseong Sub-Division may be treated as very high slide prone areas, due to steepness of 

slope coupled with excessive human interference. Occurrence of slide is common in these 

areas and this often causes heavy damage to tea gardens, settlements and arable lands. 

Class III: High Slide-Prone Areas: Most of the hill slopes, valleys with moderate forest 

cover may be categorised as the high slide prone areas. A number of landslides have been 

registered during the field investigation, but due to their location in uninhabited areas they 

seldom invite human attention. 

Class IV: Moderate Landslide-Prone Areas: Most of the eastern and southern parts of the 

study area fall under this category. 

Class V: Low Slide-Prone Areas: Few pockets of low to very low slide-prone areas have 

been identified in the study area. The following are the areas, which may be treated as stable 

and/or safe zones; (i) along the southern flank of the study area, (ii) ridge tops of 

Mahaldiram, Mirik, Okaiti, Tingling and (iii) some upland terraces scattered all over the 

study area. 

5.5 PREVENTIVE MEASURES 

The stabilisation oflandslide and landslide-prone areas must be executed according to a well 
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thought plan, which lists individual measures according to their urgency. The following 

points should be considered before initiating difficult and expensive stabilisation work: 

. + The effects of a particular preventive measure changes with the engineering and 

geological conditions of the site. 

+ The choice of the techniques that are to be applied for prevention of the slope 

movement is also influenced by several aspects of economic character/condition. 

+ The local conditions of the site play a dominating role in assessing potential 

slide-prone areas. 

+ The importance of the project also influences the measure to be taken to tackle 

this problem. 

It is important to distinguish between those physical characteristics of a site which make 

landslide possible and the actual cause i.e., the trigger mechanism. In the study are, it has 

been found that the increase in pore water pressure or rise in "piezometric head", constitute 

the trigger mechanism for most cases. Potentially most stable hill slopes are also sensitive 

either to an increase in the load, which they bear at the top or a decrease in the amount of 

support, which they have at the toe. To recognise which of these causative factors is in 

operation can in itself suggest the cure. Thus, the principles to be observed in suggesting 

preventive measures would naturally depend upon the causes that lead to the failure of a 

slope. The investigator has suggested the following preventive measures in the study area: 

5.5.1 TREATMENT OF SLOPE CONFORMATION 

The slope of the ground surfaces plays an important role in causing slides in soil and talus 

materials. Stability of a slope is thus, possible to be maintained by the reduction of the angle 

of slope. However, this method can be used in only some restricted parts of the study area. 

5.5.2 THE DRAINAGE OF LANDSLIDES 

Drainage plays the most crucial role in producing slope instability in the study area. The 
96 



surface drainage of an area affected by landslide is generally uneven, hummocky and 

traversed by deep fissures . In the depressions and fissures, water accumulates and creates 

wet ground. To offer stability to such slope, all streams and temporary water sources are to 

be diverted from the threatened area. Moreover, all springs issuing within the affected area, 

especially those at its head, must be contained and diverted away from the slipped area. For 

an immediate provisional diversion of flowing water, any available pipe may be used. After 

partial stabilisation, open ditches of adequate dimension and gradient are to be constructed 

for discharging the rainwater. The ground surface is to be levelled and the depression to be 

filled up along with the filling up of all cracks, so that a continuous run-off of surface water 

is ensured. During such operation, the grass cover must not be disturbed unnecessarily, as it 

not only protects the soil from splash erosion but also prevents percolation. Prevention of 

percolation should be ensured at the slide areas by covering up the portion of the slope by a 

layer of impervious materials like clay. It has been observed that turfed slopes remain stable 

upto a great height than bare slopes (Sinha,Verma & Paul,1975). Turfing should therefore, 

be encouraged on every bare slope. Rocky slopes with open joints can be made impervious 

by grouting, although it is an expensive method, yet to protect T.N. Road near Tindharia, 

Paglajhora, Gayabari, it may be recommended. 

5.5.3 RETAINING WALLS AND SIMILAR STRUCTURES 

Retaining walls are erected to bring greater stability to the unstable slopes and to check the 

existing landslides. Construction of retaining walls become necessary especially in slopes 

formed on clayey soils where it is difficult to ensure drainage due to the impermeability of 

the materials. In Kurseong Sub-Division, most ofthe houses, road sections are protected by 

retaining walls. They are mostly built of dry rubble masonry. Some of these walls which are 

built of reinforced concrete have failed due to lack of adequate design. The retaining walls 

are found to be very weak along the T.N. Road and in the congested busty areas of 

Kurseong, Sonada, Tung, and Tindharia, where landslips are common and these walls are 

not based on proper foundation. Such structures instead of affording any protection actually 

contribute to the failure of the slope due to the addition of extra weight caused by seepage 
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pressure. The retaining structures thus, should have proper weep holes for proper draining of 

the accumulated water without interruption. Proper and periodic maintenance should be 

made, so that such an outlet can never get clogged. 

5.5.4 STABILISATION BY AFFORESTATION 

Slope movements generally disturbs vegetation including grass cover. Afforestation of the 

disturbed slopes is an important part of any corrective treatment and it should be carried out 

during the later stages of the work, invariably after at least some degree of stabilisation of 

the slip has been achieved. The plantation should be proceeded by drainage along with the 

filling up of cracks of the affected area. Contour watling is an effective method of stabilising 

slip areas. It should be followed by planting of grasses like Arundodonax and Saccharum 

species, shrubs like Viburnum species, Vitex negundo, Thysanolaena maxima and tree 

species like Erythrina suberosa, Alnus nepalensis, Macaranga species and locally available 

bamboos. 

5.5.5 RESTRICTION OF SETILEMENTS 

For a successful management of the susceptible tracts under study, it will be very useful to 

restrict the existing population to the geologically and topographically more stable part 

(granite and gneissic areas and areas having slopes less than 30°) in the hills, setting apart 

the unstable areas (Dalings. Damuda and Siwalik rocks and areas having slope more than 

30°) which have to be carefully demarcated for afforestation by quick growing trees and 

grasses. 

5.5.6 STABILISATION OF TEA GARDENS LANDSLIDES 

In the tea gardens, prevention of landslides is not the only problem. It is also necessary to 

prevent widening up of the slip channels and fill them up and bring the area back into 

cultivation, if possible. For this, it would be necessary to reduce the gradient of the channels 
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by building check dams across them. Such dams may help in filling up the channels and thus 

assist in reclamation. The dams should be rock fill type and should use slip debris as fill 

material. In the lower portions of the dam, the rock boulders should be covered by turfing of 

shrubby vegetation to prevent further erosion. 

5.6 CASE STUDIES OF SELECTED LANDSLIDES 

From the foregoing analysis, it is apparent that many parts of the lower Darjeeling Hills 

(Kurseong Sub-Division) have been experiencing devastating landslides. To apprehend the 

exact_ nature of this menace and to understand the mechanism of such failures~ the 

investigator has tried to undertake three case studies, selected from different environmental 

set-up. The study, though_ having a few unique features, may yet seem to be representative 

of the landslide of the study area, nearly everywhere, as human need and greed accelerated 

slope failures. 

5.6.1 ST. MARY'S HILL LANDSLIDE 

On the August 26, 1994, following heavy shower amounting 56.3 millimetres within a 

period of 1 hour and 35 minutes, with a maximum intensity of 55mm/h-t, recorded at 

Dilaram, the hill slopes at 4.2 kilometres from Kurseong to Darjeeling, on the right hand 

side of the Tenzing Norgay Road, experienced a devastating landslide (Photo. 5.9). 

disrupting the traffic flow from Kurseong to Darjeeling (Fig. 5.3 & 5.4). 

5.6.1.1 Factors of Slope Instability 

To recognise the causes of failure and the fa~tor that trigger the downhill movement of the 

slope materials, is of extreme importance, because only a precise and correct diagnosis can 

serve as a basis for effective remedial measures. A comprehensive analysis of such factors 

have been outlined in the following paragraphs: 
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Geological Factors : 

The region under study is composed of slightly altered rocks belonging to the Darjeeling 

gneiss, of which coarse gr~te foliated gneiss and mica- schists are common. The rocks are 

dipping at angle of25° to 75° towards SSE, SSW and WWN. The rocks are also traversed at 

places by quartz and quartzo-feldspathic veins of both post and pre-tectonic periods. These 

are well jointed (40°- 70° E-W) and highly foliated (28-55° SSE-NNW) rocks (Fig. 5.3). 

The St. Mary's hill landslide has been identified precisely by the investigator on foliated 

coarse-grained gneiss, characterised by cataclastic deformation. Weathering affects the rock 

conspicuously. Both diurnal and seasonal ranges of temperature characterised by alternate 

expansion and contraction has given rise to vertical cracks within the rock especially along 

zones of weaknesses. As a result, solid masses of rock beds disintegrate into blocks. 

Moreover rain water seeps through the joints and cracks, helps in decomposing feldspar to 

form kaolin which often acts as lubricant for sliding of slope material (Fig. 5. 5). 

Effects of Jointing: 

The rocks in and around the slide area are found highly jointed. These are bold and 

intersected at many nodal points. To apprehend the nature of such joint system and its 

impact on slope instability, the investigator has made a detail survey. The nature and 

geographical distribution of the joint has been shown in Fig. 5.6. The density of joint has 

been estimated to be 6.71 me~er/square meter of which 41% is bold, 32% is minor and 

remaining 27% has been identified to ~e incipient in nature. These closely spaced vertical 

or inclined joints have acted as pathways for rainwater to percolate and induce chemical and 

physical weathering and thereby reduce the shearing resistance of the gneissic parent rocks. 

Pedological Factors: 

In order to comprehend the nature and role of soil as a factor of slope instability of the slide 

area, a number of sample pits have been dug at the edge of the scar, to collect samples from 
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undisturbed areas. The samples have been analysed for the determination of water holding 

capacity, pore-spaces, volume expansion, hygroscopic moisture, organic carbon, plasticity, 

mechanical composition and infiltration rate. The analytical results have been tabulated in 

Table 5.2a and 5.2b. The analytical results reveal that the physical characteristics ofthe soil 

of the slide area are very interesting in the sense that at the apex, vulnerable conditions have 

been naturally developed at a depth of 30 to 40 em below the surface, where clay 

predominates with a good amount of organic matter, high water holding capacity, volume 

expansion and plasticity limit. 

Sample 

sites 

P1 

P2 

P3 

Table 5.2a 

Rate of infiltration of 3 sites at St. Mary's Landslide* 

0-15m 

385 

290 

312 

15-30m 

209 

130 

135 

30-60m 60-120m 

169 75 

159 209 

123 93 

120-

180m 

43 

84 

62 

Total upto 

3 hrs 

881 

872 

725 

* Rate of infiltration in millimetre/minutes has been measured with the help of a galvanised 

steel tube with a diameter of 20cm, which has been inserted into the soil maintaining a head 

of about 6millimetres above the ground during field investigation. 

Changes in the Vegetational Cover : 

The apex of the slide under study has been deforested and turned into cultivated terraces by 

local inhabitant. Such unscientific terraces are seldom laid along the contours with proper 

protective wall and thereby disturb the cohesiveness of the soil and make it vulnerable to 

erosion. Thus, slope under study being devoid of proper vegetative mat, remain fully 

exposed to heavy and concentrated monsoon shower and are susceptible to both sheet and 

gully erosion. 
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Table 5.2b 

Soil Properties of The St. Mary's Landslide 

Depth in Water Pore Hygro Organi Sand Silt Clay pH Nitro 

Cm Holdi Spaces scop1c c % % % gen 
-:J. 

ng % Moistu Carbo % 

Cap a re% n 

city % 

% 

0-10 37.42 69.07 4.51 3.01 33.5 10.51 55.99 5.30 0.19 

10-20 21.53 51.73 3.81 1.92 34.01 9.01 56.98 5.60 0.12 

20-40 41.14 47.46 2.42 0.81 44.79 6.50 48.71 5.80 0.08 

40-80 18.73 43.91 1.19 0.50 58.4 4.00 37.60 5.70 0.02 

Profile No.1 

0-10 30.43 65.81 2.02 2.73 45.71 10.71 43.58 5.50 0.15 

10-20 25.01 45.79 3.51 1.81 50.43 8.42 41.15 5.70 0.08 

20-40 35.45 49.81 2.91 1.05 40.76 4.51 54.73 5.90 0.04 

40-80 24.13 36.51 1.93 0.75 65.01 4.00 30.99 5.10 0.04 

80-120 19.95 34.00 1.80 0.61 69.05 3.05 27.90 5.40 0.02 

Profile No.2 

0-10 32.73 70.41 3.43 2.71 39.51 12.41 48.08 5.60 0.16 

10-20 26.61 64.81 2.91 2.01 38.42 10.75 50.83 5.90 0.10 

20-40 34.75 43.15 2.10 1.75 32.75 4.73 62.52 6.10 0.08 

40-80 24.80 40.15 1.81 0.65 61.51 4.60 33.89 6.20 0.04 

Profile No.3 

Effects of Rainfall, Run-off and Infiltration : 

The amount and intensity of rainfall often play a significant role in causing slope failure in 

Darjeellng IUmalaya. In most cases, high intensity rainstorm acts as so called "trigger 
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mechanism" for landslide to initiate. This water percolates through the cracks, joints and 

pore spaces of the slope material and thereby, increases the pore-water pressure and changes 

the consistency as well as the shear resistance of the soil ultimately loosen its cohesion. 

Under such suitable circumstances, with the onset of monsoon, rill cutting as well as gully 

erosion start and the slope become further denuded as the surface water flows through these 

channels. 

Effects of Human Interference: 

Deforestation, expansion of settlements, unscientific terracing and slope cutting are some of 

the noticeable issues of human interference in and around the study area. Oversteepening of 

slope by road cutting is the most important human induced process that removes the basal 

support and thereby, makes the slope vulnerable for further degradation. Field investigation 

reveals that the rain water, infiltrates into the rock through joints and cracks, disturbs the 

internal homogeneity of coarse textured foliated micaceous gneiss criss-crossed by 

felspathic and quartzo-felspathic veins. This causes hydrolysis, followed by the production 

of kaolin, which often acts as lubricating agent for sliding of slope materials. 

5.6.1.2 Morphology of the Landslide 

Morphological account of the pre and post-slide conditions of study area is given in Table 

5.3 to follow the exact sequence of the disaster and to arrive at a logical working out of 

remedial measures. 

5.6.1.3 Prevention and Control of the St. Mary's Landslide 

The investigation therefore reveals the various factors like the geological setup, soil and 

hydro-geomorphological history, process of slope evolution, precipitation, deforestation and 

human interference have all, combined to result in the occurrence of the landslide. 

Prevention and control of such a landslide is a difficult task and requires good mechanical 
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Table 5.3 

Morphological Features of St. Mary's Landslide 

Pre-Slided Conditions 
1. Rocks: Moderate to 
highly decomposed jointed, 
foliated, micaceous gneiss, 
interbedded with 1-2cm 
felspathic and quartzo
felspathic veins. The rocks 
are highly jointed 31° - 69° 
towards N-S, NE, SE and 
NNW-SSE. The rocks are 
dipping at an angle of 25° -
75° towards SSE, SSW and 
WWN. 

2. Altidude : 1620 - 1684m 

3. Slopes : Convex, 30° -
47° towards SSE. 

Post-Slided Conditions 
1. Length of the Scar: 
Variable, average 25 meter. 
2. Width: 

max : 15 meter 
mm : 2 meter 

. ave : 8-15 meter 

3. Depth: 
max: 3 meter 
mm : 0.5 meter 
ave : 1. 75 meter 

4. Shape: Triangular. 

5. Total area affected : 
720.5 square meter (total 

of 4 slides). 

4. Rainfall: 
55mrnlhr-1

. 

Intensity 6. Total volume displaced : 
1261 cubic meter. 

5. Natural 
Scattered 
shrubs. 

Vegetation 7. Processes responsible 
bushes and for the landslide: Removal 

6. Land-use: Degraded 
forests and grasslands, few 
cultivated terraces are also 
noticed around the apex to 
the affected area. 

7. Soil Colour : 
top: 7.5 YR 4/2 
mid : 7.5 YR 6/6 
bot : 7.5 YR 4/3 

of basal support, stream 
incision and solifluction. 

8. Modified slope: 
. Concave: 20° to 

towards SSE. 

9. Type of slide: Debris 
slide. 

10. Special features: A 
number of channels have 
developed on the slope 

8. Soil saturated during the. ·being aided by the dip 
survey. direction of the country 

rocks. 

Remarks 
Displaced materials 
temporarily blocked the 
water movement through 
the stream. It also 
disrupted the road and 
railway communication 
between Kurseong and 
Darjeeling. Immediate 
construction of protective 
structures with adequate 
drainage facilities Is 
recommended. 
Afforestation along the 
upper part may help in 
providing long term 
remedial measures for 
such slope degradation. 

Compiled by the Author during field investigation on August 30, 1994. 
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Photo 5.10 Land lid at Bhanjan 



and biological measures. The measures of prevention and control should include the 

following: 

+ Easing of the slope by slope re-gradation, 

+ Safe disposal of water through surface and sub-surface drainage using concrete 

slabs 

+ Construction of good retaining walls with proper weep holes 

+ Afforestation with soil binding grasses and quick growing shrubs and trees 

+ Jhora training works by construction of guide walls and drop structures 

The basal support of the steep slopes due to construction of roads have to be strengthened by · 

construction of proper retaining walls which should be regularly maintained. The steep 

slopes caused by the landslide have to be re-graded to gentle slopes over which grasses and 

quick growing shrubs and trees can be grown along the contours. The flow of jhoras has to 

be controlled by carefully designed guide walls and drop structures so as to minimise the 

scouring effect of water and toe erosion. Terrace cultivation near the landslide area and 

along the jhora banks should be discouraged. Cultivation near the household areas should be 

practised along contour terraces. 

5.6.2 THE BHANJAN LANDSLIDE 

During 2nd July, 1995, the hill slope and crest at 48 kilometres on the Siliguri-Mirik Road 

(Latitude 26° 58' N and Longitude 88° 10' E), experienced a devastating landslide, 

disrupting the road communication for a couple of days (Photo 5.10). To comprehend the 

exact nature of this menace and to understand the mechanism behind such failure, the 

investigator has initiated an intensive survey and field investigation during August 13th 

1995. 

5.6.2.1 Factors of Instability 

Geological set-up: 
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The region under study is composed of rocks belonging to Daling Series, consisting of 

metamorphosed argillaceous rocks represented by purple and steel gray slates, green 

quartzite, phyllite and schist. These rocks are traversed by quartz and felspathic veins of 

variable dimensions. The rocks are mostly dipping at an angle of29° to 51° towards NE-SW, 

NNE-SSW, and EES to WWN. The rocks are jointed, foliated and found to be highly 

weathered. The Bhanjan landslide has precisely been identified to be on the phyllitic rocks 

with occasional bands of quartzite. A number of quartzo-felspathic veins have been 

identified with a thickness of5 centimetres and a length of over 10 metres (Fig. 5.7 & 5.8). 

Pedological Set-up: 

The analysis revealed that the physico-chemical properties of soil around the affected slope 

show natural vulnerability with large volume expansion, less cohesiveness, high water 

holding capacity and higher rate of infiltration. 

Land-use Pattern: 

The hill slope around Banjan have long been deforested and turned into cultivated terrace, 

tea garden and settlement. Such conversions are mostly unscientific and are seldom laid 

along the contours, with proper protective structures. Such terraces are often cultivated with 

crops like potato, ginger, maize and cardamom which are often uprooted during harvesting. 

This very practice often disturbs the cohesiveness of soil and makes it vulnerable to erosion. 

Thus, slope under study being devoid of proper vegetative mat (except the ridge top), remain 

fully exposed to heavy and concentrated rainfall (>3000 millimetres) and becomes an easy 

prey to catastrophic erosion (Fig. 5.9). 

Effects of Rainfall. Run-off and Infiltration: 

In the affected area, rain water percolates through the joints, cracks and fissures of bedrock 

and pore-spaces of soil and regolith. This increases the p.ore-water pressure and changes the 
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consistency and shear resistance of the slope materials. Thus, under suitable circumstances, 

with the on-set of the monsoon rill cutting as well as gully erosion starts and the slope 

becomes further denuded as the surface water flows through such channels. 

Effects of Human Interference: 

Heedless deforestation took place during the close of the last century in this area for making 

room for tea plantation, settlement and growing arable farming to meet the demand of ever 

increasing human and animal population. By the mid of this century, a new metalled road 

between Panighata and Mirik became necessary. Large-scale slope cutting during the 

construction further steepened the slope. The cutting of basal support for the construction of 

road, settlements and arable terrace, without proper drainage may be treated as causative 

factors for the Bhanjan landslide (Fig. 5.9). The area under study, is thus, over steepened by 

both natural and human forces, reducing its natural stability significantly. During heavy 

rainfall, with more arid more pore water pressure caused an upward movement of 

piezometric head and this ultimately leads to the occurrence of the slide. 

5.6.2.2 Morphology of the Landslide 

The morphology of the Bhanjan Landslide has been shown in Table 5.4 

5.6.2.3 Prevention and Control of the Bhanjan Landslide 

The study area with a high potential for landslide hazard was recognised by examining 

geological set-up, processes of slope evolution, precipitation, slope cover and land-use, soil 

and hydro-geomorphological history. Prevention of such a landslide could prove nearly 

impossible, however, good engineering practice can do much to minimise the hazard. 
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Table 5.4 

Morphological Features of the Bhanjan Landslide 

Pre-Slided Conditions 
Rocks : Moderate to highly 
jointed phyllites, green 
quarzites, interbedded with 
very thin felspathic vems. 
The rocks are dipping at an 
angle of 29° to 51° towards 
NE-SW, NNE-SSW and 
EES-WWN. A number of 
joints have been identified. 

2. Altitude: 1385 to 1390 
meter. 

3. Slope: Convex and 
reclinear, 30° to 35°. 

4. Natural vegetation : 
Scattered bushes, shrubs 

and bamboos. Dhupi 
plantation has been found 
around the ridge top. 

5. Land-use: Mechi Tea 
Garden is situated below the 
road and upper parts have 
been terraced for arable 
crops. 

6. Soil colour : 
top: SYR 3/2 
mid : SYR 5/5 
low : SYR 5/6 

7. Soil was saturated during 
the survey. 

Post-Slided Conditions Remarks 
I . Length of the scar : 70 Displaced materials 
meter 
2. Width ofthe scar: 

max : 21 meter 
min : 1 meter 
ave : 11 meter 

3. Depth of the scar : 
max : 2.3 meter 
min : 0.2 meter 
ave : 1.25 meter 

disrupted the road link 
between Siliguri and 
Mirik. It has also 
endangered the 
settlement and farmland 
near the slided area. 
Huge materials were 
deposited along the jhora 
m the Mechi T.G. 

4. Shape: Triangular 
rectangular. 

to Immediate construction 
of protective wall with 
adequate drainage outlet 
are recommended. 

5. Total area affected: 770 
square meter. 
6. Total volume of 
materials displaced :962 
cubic meter. 
7. Processes: Removal of 
the basal support by toe 
cutting makes the stage 
ready for slide. 
Spontaneous liquefaction 
due to heavy rainfall has 
actually provided the so
called "trigger 
mechanism". 
8. Modified slope: 
Concave and irregular, 20° 
to 55°. 
9. Type of the slide: 
Debris slide. 
10. Special features : A 
number of small channels 
have developed, being 
aided by the dip direction 
of the country rocks. 

Compiled by the Author dunng field mvesttgatJon on 1995 
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Methods of prevention and control should include: 

i) Slope regradation and removal of unstable slope materials, 

ii) Excavation foilowed by surface and sub-surface drainage, 

iii) Construction of retaining wall and filling, 

iv) Jhora management and 

v) Mforestation. 

A few closely spaced excavations may be carried out at the foot of thick overburden situated 

above the road, to rotate the entire mass of regolith towards the jhora and hence, minimise 

load. This slide is also closely related to the existing hydrological conditions, where an 

increase in hydrostatic pressure often initiates the downhill movement. The proper drainage 

help to increase the resisting force of the slope materials and hence, hill-slope stability be 

maintained. A number of temporary drains may be constructed over the affected area, to cut 

off all sources of surface water. The collected water may be conveyed through the natural 

way into the jhora down to the river Mechi. Afforestation is also an important remedial 

measure for a long-term control against check wall collapse and soil movement. Fast 

growing species may be planted all along the affected area. 

5.6.3 THE KALIMATI LANDSLIDE, TINDHARIA 

On September 9, 1984, the hill slope at 26.5 kilometres from Siliguri on the left hand side 

of the T .N. Road experienced a devastating landslide (Basu & Sarkar, 1985). The slide 

was apparently stabilised in the following years. The slide was reactivated again on the 

August 10, 1993, ~allowing 115 millimetres of rainfall within a period of 48 hours (recorded 

at Tindharia), disrupting the Darjeeling Himalaya Railway line and the T.N. Road 

communication for a couple of days (Fig. 5.10). 

Slope Instability Factors: 

The region under study is mainly composed of slightly altered sedimentary rocks of 
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Gondwana formation (Damuda Series) ofwhich sandstone and shale are noteworthy. Small 

and thin coal seams are found occasionally in sandstone. The sandstone is characterised by 

cataclastic deformation, which destroyed the clastic texture with intense granulation along 

ramifying narrow zones of fracture. The inclination of this rock is generally steep (30° -45°) 

towards the road. 

The pedological investigation reveals that the physical characteristics of the soil are very 

interesting in the sense that at the apex of the slided zone, vulnerable conditions have 

developed at a depth of 30-40 centimetres below the surface, where clay predominate with a 

good amount of organic matter, high water holding capacity and volume expansion. 

The apex of the slided area has long been deforested and turned into cultivated terrace by 

local inhabitant, which have been commonly cultivated by root crops. The slope under study 

thus, being devoid of proper vegetation mat, remains fully exposed to heavy and 

concentrated monsoon rainfall and are susceptible to both sheet and gully erosion. The coal 

seams are hitherto unexposed, have sometimes been unearthed after the removal of the 

surface layer of the soils. The local people, suffering immensely due to lack of fuel, 

naturally get delighted at the sight of a new source of energy and have a tendency to collect 

fragmentary pieces of coal, creating large hollows at the base of highly inclined terraced 

slope. Such human interference readily ruptures the slope stability to a large extent by 

removing the basal support and sets the stage ready for further erosion havoc. 

After 1984 landslide, the local government imposed restriction on such illegal mining in and 

around Tindharia. Subsequently, the slope became apparently stabilised and the so-called 

administrative restriction became nullified. By 1990, some local people in collusion with 

some unscrupulous traders started to collect coal from the same area. As a result, the slide 

reactivated by 1993. The problem that is unique in this case, will, however, be not so easily 

solved for local inhabitant (mostly below the poverty line) having once had an access to 

exposed coal seams, will continue to dig for coal, even surreptitiously. If this source of fuel 
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is not sealed up immediately, the trigger action inducing landslide shall ever remain dormant 

in this area. 

5. 7 CONCLUSIONS 

In view of the ever-increasing problem of landslides in the study area, man must be made 

aware of the possible dangers that he is inviting, due to his careless dealing with the nature. 

It is true that one has to make room for the growing population and in this pursuit he has to 

utilise every piece of land available. But, the precautions that have to be adopted should not 

be neglected. 

The analysis of the landslide carried out in the foregoing paragraphs has indicated that each 

of the landslides under study has its own peculiarities, and is not due to a single factor. Of 

the various factors, water has the most deleterious effect. Some of the slides have admittedly 

been caused by toe erosion of the drainage elements. Again, some of the slope failures are 

due to the effect of unscientific and unplanned human interference disrupting the delicate 

hill eco-system. Therefore, the choice of remedial measures to prevent landslide and similar 

slope movement should be made after careful analysis of the causative factors .. The design of 

the preventive structures should depend on the geomorphological and geological framework 

of the region and strength of the materials involved in the landslide. 

Although, prevention or controlling of landslides are not always an economically viable 

propositions, but where such control is necessary it is of fundamental importance that the 

nature of slope instability should be fully understood. It is our sacred duty to educate the 

local inhabitant about the perils of degradation and the methods of checking. them and to 

develop ma-ss awareness among both the local people and the tourists, so that they are aware 

of the possible dangers that they are inviting by interfering with the natural laws. 
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CHAPTER VI 

THE WATER RESOURCE: PROBLEMS & PROSPECTS 

6.1 INTRODUCTION 

The Kurseong Sub-Division of Darjeeling Himalaya is unable to hold back water due to 

extensive deforestation and commercialisation of hill slopes, as a result, most of the 

precipitated water goes down the slope, giving rise to severe soil erosion landslides. The 

river channels, especially in its lower section is virtually incompetent to cope with such 

enormous amount of debris received from the upper catchment. The riverbeds are thus 

gradually elevated, restricting the free passage to an· excessive amount of run-o:f:I: which 

follows heavy and concentrated rainfall and cause flood. The picture is just opposite during 

the non-monsoon months when the paucity of water hinders the local people from reaping 

any benefit out of soil, in conjunction with the river itself (Sarkar, 1989). The overall 

economic situation of the area concerned is thus, becoming bleaker day by day. In the 

absence of suitable facilities, the vast quantity of monsoon supplies run waste and the 

problem of proper scientific management of water redistribution during the drought, needs 

an immediate and closer investigation. 

The aim of this chapter is to assess the annual water resource ofKurseong Sub-Division, its 

seasonal distribution, its present utilisation and conservation. The investigator, therefore, 

concentrates his investigation on: 

+ the study of rainfall and run-o:f:I: 

+ the study of evaporation, 

+ estimation of water resources, 

+ the study of discharge and silt load of the major rivers, and 

+ the problem of the conservation of water resources. 
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6.2 STUDY OF RAINFALL AND RUN-OFF 

According to Khosla (1950), the run-off is the function of precipitation and temperature, i.e., 

R aPIT ......................... 6.1 

Where R = run-off, P = precipitation after the deduction of losses and T = temperature. The~ 

common loss due to evaporation and transpiration, generally known as evapotranspiration, is 

the function of temperature of the area concerned. Thus Khosla's formula reads as follows: 

Rm = Pm-Lm ... ................. 6.2 

Where, Rm = monthly run-off, P m = monthly precipitation and Lm = monthly evaporation 

loss. 

Again the amount of monthly evaporation loss (Lm) is given as: 

Lm = Tm°C/0.2074 ............ 6.3 

For determining the evaporation loss and the resulted run-off following the Khosla's model, 

the investigator has obtained the average monthly rainfall data from various recording 

stations, mostly from the Tea Gardens and Forest Directorate. While, in the case of 

temperature, the author has mostly depended on the interpolation and extrapolation of 

isotherms due to the lack of adequate temperature recording stations. The Table 6.1 shows 

the distribution of average rainfall, temperature, evaporation loss and run-off in each of the 

stations individually for the period of last 25 to 90 years. After careful analysis, it reveals 

some interesting results, like some pre-monsoon rainstorms during March-May, yield a 

considerable amount of run-off in the north-central part of the study area i.e., Mahaldiram, 

Divisional Forest Office, Dow Hill, Victoria School. This area records a relatively high 

amount of run-off, ranging between 40 to 70% of the total rainfall, during April-May. This 

is most probably due to low prevailing temperature, which causes lower amount of 
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evaporation loss. The stations along the eastern part, south central and south-western part, 

yieid comparatively a lower amount of run-off varying from 25 to 40% of the total rainfall 

during the pre-monsoon months. While the foothills and the southern margin of the study 

area show moderate run-off which vary from 40 to 50% of the total rainfall during May. 

Table 6.1 

Hydro-Meteorological Parameters of Different Recording Stations (Mean Annual) 

Sl.No. Station Altitu MaP MaT MaE Evaporatio Total Run-off 
de (mm) eC) (mm) n loss as% Run-off % of 
(m) of Map inmm MaP 

1 DFODowHill 1769 . 4654.8 14.88 861.09 18.5 3793.4 81.49 
2 Mahildaram TG 1676 4879.3 15.53 898.41 18.34 3998.9 81.66 

3 Victoria School 1829 4257.9 14.37 831.53 19.53 3426.7 .80.47 
4 Latpanchor 1143 4030 18.71 1082.55 26.86 2947.6 73.14 

5 Sittong CP 1372 2833 19.31 1117.38 39.44 1715.6 60.56 

6 Goomtee TG 1290 3740.7 19.88 1150.13 30.75 2590.1 69.25 
7 TindhariaTG 720 2964.5 31.81 1204.3 40.62 1760.2 59.38 
8 Jogmaya TG 800 3371.9 20.72 1198.61 35.,S5 2173.3 64.45 
9 Sepoydhura TG 600 3540.2 21.33 1234.06 34.86 2306.1 65.14 
10 SuknaRS 163 3868.9 23.57 1363.43 35.24 2505.5 64.76 
11 GulmaTG 122 3984 23.71 1371.54 34.43 2612.5 65.57 
12 SalbariARO 136 3513.4 23.91 1383.51 39.38 2129.9" 60.62 
13 Siliguri 3623.5 24.63 1425.3 39.33 2198.2 60.67 
14 Bagdogra 131 2318 23.96 1386.56 59.81 931.8 40.19 
15 LongviewTG 610 4080.9 21.17 1224.58 28.61 3056.3 71.39 
16 Pankhabari RO 564 3511.9 21.33 1234.29 35.15 2277.6 64.85 
17 MongpuCP 1200 3131.4 15.53 892.52 28.5 2238.9 71.5 
18 Fuguri TG 782 2901.5 20.03 1158.9 39.94 1742.6 60.06 
19 Saureni TG 623 2841.3 21.05 1218 42.87 1623.3 57.13 
20 ManjhaTG 510 3121 22.03 1275 40.85 1845 59.15 
21 AmbutiaTG 948 4915 19.73 1142 23.23 3773 78.77 
22 Gayabari TG 849 3945 20.13 1165 29.53 2780 70.47 
23 Makaibari TG 1030 4516.1 18.5 1070 23.69 3446.1 76.31 
24 Castleton TG 1140 4623.3 18.41 1065 23.04 3558.3 76.96 
25 Spring Field TG 970 4370.8 18.91 1094 25.03 3276.8 74.97 
26 Bamanpokhri RO 390 3943.1 13.15 1339 33.96 2604.1 66.04 
27 Simulbari TG 350 3242 23.01 1331.3 41.06 1910.7 58.94 
28 Singeli TG 1020 3093.1 19.13 1107.1 35.79 3081.39 64.21 
29 ThurboTG 1451 2431 15.01 868.5 35.73 1562.5 64.27 

30 Okayti TG 1840 2349.5 13.9 804.3 34.23 1545.2 65.77 
... 

DFO: DiVIstonal Forest Office; TG: Tea Garden; CP: Cmchona Plantation; ARO: Agnculture Research Statton; RO: Range 
Office; MO: Meteorological Office; MaP: Mean Annual Precipitation; MaE: Mean Annual Evaporation loss; MaT: Mean 
Annual Temperature. 

With the beginning of the heavy rainstorms (monsoon) in the month of June, the amount of 

run-off as percentage to the total monthly rainfall shoots upto over 90% along the southern 

margin of the Mahaldiram range, around Kurseong, Ambutia, Makaibari, Springside Tea 
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Gardens. The amount varies in between 80 to 90% along the southern margin of the study 

area i.e., Sukna, Pankhabari, Salbari, Gulma area in between 70 to 80% in the east-central, 

west-centr~ and along the central parts of the study area. 

Table 6.2 

Hydro-Meteorological Parameters of Different Recording Stations (Monsoon) 

Sl. Station MmP MmT MmE Mme as% TmR · TmR as % 
No (mm) (oC) (mm) ofMmP (mm) of Map 
1 DFODowHill 4076.1 18.2 445.04 10.92 3631.06 89.08 
2 Mahildaram TG 4238.3 19.4 459.74 10.85 3778.56 89.15 
3 Victoria School . 3787.6 21.3 434.52 11.47 3353.08 88.53 
4 Latpanchor '3460.1 22.9 518.51 14.99 2941.59 85.01 
5 Sittong CP 2381.8 23.2 539.3 22.64 1842.5 77.36 
6 GoomteeTG · 3271.1 24.3 553.47 16.92 2717.63 83.08 
7 TindhariaTG 2700.4 24.7 586.26 21.71 2116.14 78.36 
8 Jogmaya TG 2879 25.4 584.97 20.32 2294.03 79.68 
9 Sepoydhura TG 3321.7 27.3 600.48 18.08 2721.22 81.92 
10 SuknaRS 3535.1 27.8 654.44 18.51 2880.66 81.49 
II GulmaTG 3487 27.8 656.95 18.84 2830.05 81.16 
12 SalbariARO 3023 27.9 663.02 21.03 2492.3 78.97 
13 Siligun 3156 27.5 663.7 21.03 2492.3 78.97 
14 Bagdogra 1949.1 24.9 663.7 34.10 1282.4 65.90 
15 LongviewTG 3824.7 24.8 598.69 15.65 3226.01 84.35 
16 Pankhabari RO 3097.6 19.3 597.88 19.30 2499.72 80.70 
17 MongpuCP . 2508.6 24.3 458.49 17.92 2050.11 82.08 
18 Fuguri TG 2525.1 24.9 585.8 23.20 1939.3 76.80 
19 Saureni TG 2491 25.3 600.3 24.10 1890.7 75.90 
20 ManjhaTG 2643.1 24.2 609.9 23.08 2033.2 76.92 
21 Ambutia TG 4371.5 24.6 5861.1 13.41 3785.4 86.59 
22 Gayabari TG 3501.3 23.7 594.3 16.98 2907 83.02 
23 Makaibari TG 3971.5 23.6 572.1 14.41 3399.4 85.59 
24 Castleton TG 3999.6 23.8 570.1 14.25 3429.5 85.75 
25 Spring Field TG 3776.5 27.0 581.2 15.39 3195.3 84.61 
26 Bamanpokhri RO 3471 27 652.1 18.79 2818.9 81.21 
27 Simulbari TG 2821.5 23.8 650.4 23.05 2171.1 76.95 
28 Singeli TG 2479 18.9 580.3 23.41 1898.7 76.59 

29 ThurboTG 2131 18.6 457.2 21.46 1673.6 78.54 
30 Okayti TG 2042.6 449.5 22.01 1593.1 77.99 

MmP: Mean Monsoon Precipitation (June to October); MmT: Mean Tempemture; MmE: Mean Monsoon Evaporation 
loss; TmR: Total Monsoon Run-off. 

The winter season (November to February) receives an insignificant amount of precipitation, 

which cannot flow as run-off due to evaporation loss, transpiration and infiltration through 

the soil. Nevertheless, the major rivers of Kurseong Sub-Division like the Balason and the 

Mahananda record as much as 2. 0 cumecs of discharge. The run-off slightly decreases to 
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about 80 % along the northern tracts, 65-75 % along the central and 70 to 80 % along the 

southern margin of the study area during September. During October, the percentage of run

off to the total rainfall sharply decreases further 30 to 40 % in the study area. 

6.3 RAINFALL- RUN-OFF CORRELATION 

Run-off primarily depends on precipitation and is often found very closely related. Two 

linear regression analyses have been carried out to find out such relationship. The first case 

involves the relationship between mean annual precipitation and the mean annual run-off 

(Fig.6.1), while the second one involves the relationship between the mean precipitation 

during the monsoon months (June to October) and the respective run-off (Fig.6.2). The data 

has been obtained from 30 recording stations (Tables 6.1 & 6.2). 

Figure 6.1 

Relationship Between Mean Annual Precipitation and Run-Off 
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The correlation co-efficient between the mean annual precipitation (.x) and the mean annual 

run-off(Y) is very high (r = 0.937) and have a 't' value of 14.155 which is significant at the 

level of0.005 %. The regression equation is: 

y =--1080.432+0.994% (R2 
= 0.8774) ........ 6.4 

(SE = 259.23 0.07) 

('t' = -4.17 14.16) . 

The slope of the regr~ssion line is of some value if a comparison is to be made between this 

relationship and that which exists in other areas. The co-efficient of determination (R2 = 

0.8774) shows that 87.74 % of the total variations in run-off may be explained by the 

respective precipitation, 16.26% remain controlled by random factors. 

Figure 6.2 

Relationship Between Precipitation of Mean Monsoon Month and Run-Off 
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The relationship between the precipitation of monsoon months (.l') and the respective run-off 

(Y) may be explained in the following equation: 

Y = -580.064+ 1.004X (R2 
= 0.9895) ..... 6.5 

(SE = 63.22 0.02) 

('t' = -9.18 51.35) 

This is also a good prediction equation. The calculated 't' value indicates that the regression 

exercise is significant at the level of 0.005 %. The co-efficient of determination (R2 
= 

0.9895) shows that 98.95 % ofthe total variations in Yhas been explained by the respective 

independent variable. 

The amount of run-off is thus, dependent on the amount of precipitation. The very high rate 

of run-off during the monsoon months is a positive indication of the non-existence of 

significant amount of forest cover, which may otherwise help in the retention of the sub soil 

water and thereby reduce the run-off 

6.4 STUDY OF EVAPORATION 

The quantitative determination of the evaporation loss has been estimated based on Khosla's 

model (1950), where: 

Lm = Tm°C/0.2074 ......................... 6.6 

Where, Lm= monthly evaporation loss and '£n°C is the monthly average temperature in °C. 

A detailed station-wise amount of evaporation loss has been tabulated (Table 6.1 & 6.2). It 

is found that the evaporation loss during monsoon months is about 10% along the northern 

part of the study area while, the loss has been estimated to be about 25% of the total 

precipitation along the southern margin of the study area. The mean annual evaporation loss 

has been estimated in between 20 to 30% in and around the north-eastern, central and the 
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western part of Kurseong Sub-Division of Darjeeling Himalaya. The mean annual 

evaporation loss has been estimated to be about 10% more than that of the monsoon months. 

6.5 ESTIMATION OF WATER RESOURCES 

The estimation of water resources of Kurseong Sub-Division has been carried out in two 

ways: 

i) by the estimation of run-off empirically from long term average precipitation 

and temperature data (Khosla, 1950) and 

ii) by the estimation of run-off :from the daily discharge data of the major rivers 

like Mahananda, Balason, etc, over a considerable period. 

The empirical estimation of run-off for the river has been determined in two ways, the first 

one is for the monsoon months and the other for the whole year. These two estimations will 

provide us with a better idea about the average available water resource in the study area. 

Although, the investigator has collected information on the actual run-off through the river, 

from the daily average discharge data but these seem to be inadequate for the planning of 

water conservation. This is due to the fact that the run-off and/or water resource depends on 

the actual precipitation and evaporation loss, which again vary much from year to year. 

Thus, the estimation of long-term average water resource based on empirical formula 

becomes necessary in the present case. 

6.5.1 The Monsoon Water Resource 

The monsoon run-off has been determined empirically for the different stations and shown 

in the Table 6.2. Based on the available total monsoon run-off, a run-off zone map for 

Kurseong Sub-Division has been prepared (Fig.6.3). Five major run-off classes have been 

identified and their respective area coverage along with total estimated run-off has been 

represented in the Table 6.3. Thus, the total water resource of the monsoon months for each 

class can be estimated easily by multiplying the respective area by its run-off and the 
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summmg of all classes have produced the total monsoon surface water resource t.e. 

1.067.146 million cubic meters. 

Table 6.3 

Monsoon (June- October) Water Resources of Kurseong Sub-Division 

Sl. No. Run-off Zones (in Area in Sq. km Water Resources (in 

millimeters) million cubic meter) 

1 Above 3500 37.55 140.813 

2 3000 - 3500 41 .50 134.875 

3 2500 - 3000 154.14 423 .885 

4 2000 - 2500 98 .81 222.323 

5 Below 2000 83.00 145.250 

I 415.00 I 1067.146 

It is evident from the Figure 6.3 and Table 6.3 that the run-off zone of 3500 millimeter 

covers 9.05% oftotal area but it contributes to 13 .2% of the total run-off. '""'bile, the class 

below 2000 millimeter covers an area of20% of area but contributes to only 13 .61% ofthe 

total run-off It has been found that the moderate run-off of class 2000 - 2500 millimeter 

covers an area of 10.00 % which also contributes 12.63 % surface water resource of the 

study area. The run-off class 2500 to 3000 mm contributes to about 37.72 % (423 .885 

million cubic meters), which covers an area of 154.14 square kilometer or 37.14% of the 

total study area. While, the run-off class below 2000 mm covers an area of 83 .00 square 

kilometer or, 20 %of the total area which contributes only 145.25 million cubic meters or 

13 .61 %of the total surface run-off (Fig.6.3). The water resource of Kurseong Sub Division 

during the monsoon months as estimated by empirical method seems to be very much high 

(2.495 m3 /m2
) . This is most probably due to a very high amount of rainfall on a deforested 

steep slope, which produces rapid run-off. 
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6.5.2 The Total Water Resource 

In order to apprehend the nature and amount of the total annual water resource of the study 

area the investigator has tried to estimate the same from the map (Fig. 6.4) which has been 

prepared using data obtained from the Table 6.1 and Figure 6.3. The Table 6.4 shows the 

nature and amount of the total surface water resource of the study area. 

Table 6.4 

Total Water Resource ofKurseoug Sub-Division 

Sl. No. Run-off Zones (in Area in Sq. km Water Resources (in 

millimeters) million cubic meter) 

1 Above 3500 21.73 81.488 

2 3000-3500 27.67 89.928 

3 2500-3000 140.31 385.853 

4 2000-2500 167.98 377.955 

5 Below2000 57.31 100.290 

L 415.00 L 1035.514 

Out of the total annual surface water resource of the study area (1035.514 million cubic 

meter), the run-off class 2000 to 3000 mm contributes to the bulk share in both total water 

resource (73.76 %) and area (74.29 %). The very high total run-off area· (>3500 mm) 

comprises only 5.24% of the total area but contributes to 7.87% of the total surface run-off. 

While, the very low run-off area (<2000 mm) contributes only 9.69 %of the total surface 

run-off(Fig. 6.4 and Table 6.4). 

Thus, . the total annual surface water of the study area has been estimated to be about 

1035.514 million cubic meter which is 31.632 million cubic meter less than that of the 

monsoon months because, according to the present empirical formula, the non-monsoon 

rainfall have negative influence on the surface run-off. 
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6.6 ESTIMATION OF SURFACE WATER RESOURCE BASED ON DISCHARGE 

DATA OF MAJOR RIVERS 

It has already been mentioned that Kurseong Sub-Division of Dmjeeling Himalaya is 

drained by the two major rivers, Balason and Mahananda of the Ganga System and portions 

of a few minor streams like_ Rayang of the Tista System (for details please refer to Chapter 

II). The investigator has tried to apprehend the discharge data ·of the · Mahananda and 

Balason rivers from 1985 to 1996. This will ultimately help to estimate the actual surface 

water resource of the study area. 

6.6.1 THE MAHANANDA CATCHMENT 

The estimation of actual run-off of the rivers at Champasari has been carried out based on 

the daily average discharge data from the year 1985 - 1996. Average daily discharge in 

cumecs multiplied by 86400 gives the total run-off of the day in cubic meter (m3
), and the 

summation of 3 65 days will yield the total run-off of the year. The Mahananda basin covers · 

120.89sq. Km which accounts to about 29.13% of the study area. It has been estimated that 

t~e total run-off of the river Mahananda at Champasari to be 692.654 million m3 (average 

value of 11 years, 1985 --1996). Out of this 627.481 million m3 belongs- to the monsoon 

months and the remaining 65.173 million m3 estimated during the non-monsoon months 

(Table 6.5). 

6.6.2 THE BALASON CATCHMENT 

The Balason Catchment covers most of the west central part of the study area, which 

accounts about 39.89% of the study area. The run-off of the river has been estimated at the 

gauging station at NH 31 near Matigara. The average run-off of the river has been estimated 

to be 1175.31 million m3 (average of 11 years from 1985- 1996) ofwhich 87.23% belongs 

to the monsoon months .. The run-off data has been represented in the following Table 6.5 
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Table 6.5 

Surface Water Resource of Selected Drainage Basins 

Basin Total Water Resource Monsoon Months (in Non-monsoon Months 

(in million m3
) million m3

) (in million m3
) 

Total Perkm2 Total Perkm2 Total Perkm2 

Mahananda 692.654 3.298 627.481 2.988 65.173 0.311 

Basin 

Balason 1175.310 3.202 1025.207 2.793 150.103 0.409 

Basin 

Kurseong 1347.150 3.246 1191.62 2.871 150.95 0.364 

Sub-

Division 

Long Term Average Water Resources Based On Empirical Model 

30 to 40 1035.514 2.495 1067.146 2.571 -31.632 -0.075 

years 

average 

Average Of The Two Estimates 

11191.33 12.871 11129.383 12.121 1119.32 1 0.288 

The Table 6.5 shows some interesting points relating to the empirical estimation and the 

actual surface water resource of the study area. It has been found that the long term average 

estimated water resource of Kurseong Sub-Division is less than that of the 11 years average 

of discharge through the major rivers. In case of the non-monsoon months according to the 

empirical estimation, there is negative value of -31.632 million m3 while, the actual 

estimation based on the discharge data shows a positive value of 150.95 million m3
. 

However, the differences between these two estimations may be due to the following: 
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a) the actual estimation has been based on the daily average discharge of the rivers 

Mahananda and Balason; 

b) while, in the empirical estimation the study has been based on long term average 

rainfall and temperature data of some selected stations and thereby, these are 

reliable in case ofthose sites only; 

c) sub- terranian water flows as springs (locally known as jhoras) even m non

monsoon months account for the amount of 150.95 million m3 of surface water, 

and 

d) finally, the recharge of water through sewage disposal may also play an 

important role in the overall estimation of water resource. 

6.7 CONCLUSION 

The high intensity rainfall on steep degraded slopes of Kurseong Sub-Division of the 

Darjeeling Himalaya has caused high run-off and consequently, less water becomes 

available to saturate soil and recharge aquifers and thereby, induces phenomenal soil erosion 

and mass movements along the hill slopes. The case is just reverse in and around the 

foothills and lower Himalaya, where, moderately dense forest cover reduces the run-off and 

make some water available to form a good ground water reserve. From the point of quality, 

except high amount of iron at places, no serious problem of water pollution has been noticed 

by the investigator. 

Out ofthe total surface water resource of 1035.514 million m3 (based on long term empirical 

model) or 1347.15 million m3 (based on discharge run-off model), nothing noteworthy has 

yet been utilised commercially. Similarly, its vast sub-surface water reserve remains 

commercially untapped. It is thus, imperative to find out suitable ways and means to 

conserve such huge unutilised water resource both surface and sub-surface. The construction 

of a number of check dams across the river at suitable sites to preserve the monsoonal 

supply for re-distribution during the non-monsoon months, would serve the immediate 

purpose adequately. Construction of mini-hydel projects, tapping the mountain torrents at 
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suitable sites may also provide with the vital energy base for domestic and industrial 

activities in the Sub-Himalayan West Bengal. Such a comprehensive approach would 

require more than a theoretical interest in the protection of reservoir against situation and 

need serious involvement in the task of soil and water conservation measures in the 

catchment areas. 
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CHAPTER VII 

ENVIRONMENTAL IMPACT ASSESSMENT 

7.1 INTRODUCTION 

The overall impact of the developmental activities in Kurseong Sub -Division, on the 

environment becomes evident from the process of degradation that has taken place over the 

years. Degradation of the land and soil through soil erosion and landslides where water has 

been the main agent, and degradation of biological conditions through changes in species 

diversity have resulted from the natural and more so unnatural interactions between soil, 

water, plant and man. The direct impact of the developmental activities is best understood 

through impact assessment involving impact identification and case studies. The objective of 

the impact assessment is to understand: 

+ the factors that have lead to environmental degradation in the region 

+ the magnitude and significance of degradation caused by them. 

+ the repercussion of the impact on the environment and man in particular. 

7.2 METHODOLOGY 

The method that has been used is based on the quantified matrix like the Leopold matrix 

developed for the U.S. Geological Survey by Leopold et al (1971) with minor modifications. 

The matrix is based on a horizontal list of 39 developmental activities under 9 broad 

headings, and a vertical list of 58 environmental components under 4 broad and 12 sub

headings. The scope of possible interactions between the developmental activities and the 

environmental components is wide, as the overall impact is being considered from the time 

development started until date, and therefore, the assessment could aid in future planning. In 

each appropriate cell, two numbers are recorded. The number on the left of the back slash 

represents the impact's magnitude, from+ 10 (very positive) to -10 (very negative). That on 

the right represents the impacts' significance, from 10 (very significant) to 1 (insignificant). 
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7.31MPACT IDENTIFICATION 

Impact identification brings together the developmental characteristics and base line 

environmental characteristics with the aim of ensuring that all potentially environment 

impacts are identified and taken into account in the impact assessment. The modified 

Leopold matrix as mentioned above has been applied for the said purpose and is represented 

along with a "unit example" of St. Mary's Hill area in the following Table 7.1 

To have a quantitative value of such impact from the matrix, the investigator has applied a 

simple calculation as follows: 

. 'LP-W 
Impact Magrutude = TP x 100 ........................ 7.1 

Impact Significance=~ xlOO ............................. 7.2 

Where, P = positve impact , N = negative impact, TP = total parameters and S = 

significance. 

The matrix has been applied as 'check list' in 36 different sites within the study area to have 

an idea about spacial distribution of environmental impact of developmental activities in 

Kurseong Sub-Division of Darjeeling Himalaya. This ultimately helps in producing two 

different maps i) impact magnitude (Fig. 7.1) and ii) impact significance (Fig. 7.2). 

7.3.1 THE IMPACT MAGNITUDE 

The Figure 7.1 depicts the different zones of the magnitude of environmental impact of 

developmental activities. It is found that such impact magnitude vary from highly positive 

(300) to highly negative ( -300). Positive impacts of different magnitude have been noticed 
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along the south-eastern, south central and south-western parts of the study area. While, 

negative impacts of different magnitude are more common and have been noticed along the 

entire northern, north-western and along the southern foot hills. However, for a better 

understanding of the geographical distribution of different impact magnitude, following 

classes are put forward: 

Class 1: High positive impact has been identified in the south-eastern part of the study area 

i.e. Choklong Khola, Sivok Khola, Ghoramara area. These areas still remain under the true 

nature's domain and free from any adverse developmental impact on environment. 

Class ll: Moderate positive impact has been noticed in the remaining parts of the eastern 

part of the river Mahananda, Rangtong Khola, Manjha jhora, Marma Khola Siva Khola 

catchment and along the riverine tract of lower Balason river. These tracts are still under 

mostly natural forest cover of different species. Small modifications took place and also 

exhibit moderate positive impact of silvicultural activities. 

Class m: Low positive impacts have mostly been identified along the Mahaldiram range, 

Latpanchar Cinchona area. These tracts are now under dense vegetative mostly by . 

Cryptomeria japonica, Cinchona, etc. Such large scale plantation although have detrimental 

effects on biodiversity but also have much beneficial impact on landscape and sediment

water management. It reduces soil erosion, recharges ground water aquifers and thereby has 

positive impact on regional environment. 

Class IV: Low negative impacts have mostly been found in the Rayang Khola, Rohini 

Khola, Rakti Khola and Rang Bang Khola catchment area, large-scale cultivation and 

human settlements along with arable farming induced negative impact on environment. 

Around Rohini and Rakti Khola catchment deforestation and the introduction of tea gardens 

destroyed the regional biodiversity and exert negative impact on environment. 

Class V: Moderate negative impact has been noticed around the central and north-western 
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(M:echi-Mahananda interfluves) of the study area. These are mostly tea growing areas of 

Kurseong Sub-Division. Large-scale destruction of biodiversity in this steep slope active 

mountain induce many unfortunate environmental impact i.e. landslide and soil erosion. 

Class VI: High negative impact zones have been identified along the T.N. Road and 

around Tindharia, Paglajhora, Kurseong, Rangtong, Chunabhati; around Mirik, Sourini

Fuguri area, Pankhabari, Malatar,.Lizzipur area. These consist perhaps the most deforested 

areas and haphazard construction, and inadequate drainage have led to the establishment of 

the vicious circle of degradation, and thereby exhibit high to very high negative impact of 

such so called developmental activities on environment. 

7.3.2 THE IMPACT SIGNIFICANCE 

The spatial distribution of environmental impact significance has been identified based on 

the checklist (Table 7.1). Such semi-quantitative rating value has been obtained from 36 

sites chosen randomly and plotted on the map. The impact significance map has been 

prepared based on interpolation method (Fig. 7.2). It has been found that the impact 

significance varies from very high (8) to insignificant (1). The following impact significant 

classes have been identified. 

Class 1: Highly significant environmental impact has been identified along a few 

elongated tracts i.e. Tindharia-Mahanadi-Kurseong-Dilaram areas, Mirik-Tingling-Fuguri

Saurini areas, Pankhabari, Malatar, Lizzipur Tea Garden settlements. These areas 

experienced most devastating impact of developmental activities on environment. Ever 

increasing population growth and unplanned so called developmental activities are also 

found responsible for such high significance of environmental impact. 

Class ll: Moderately significant impact has been identified in most of the tea garden 

areas. Large-scale destruction of hill slope biodiversity exerts tremendous $tress on the 

delicate hill ecosystem. Use of fertilizers, pesticides and herbicides to augment tea 
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production also have detrimental effects on the quality of land, water and atmosphere of the 

area. Innumerable unprotected roads, footpaths and trails cause heavy loss of surface soil 

and often invite landslide. 

Class ill: Marginally significant impact has been noticed in degraded forested areas and 

in plantation tracts. Reduction of biodiversity and natural regeneration coupled with 

marginal developmental activities has exerted such adverse impact. 

Class IV: Insignificant environmental impact has been noticed in the south-eastern part of 

the study area i.e. east of Mahananda river. These areas are still free from any significant 

developmental and /or modification impact and are largely covered by dense natural forests. 

An overview of the matrix suggests high interactions between the components under 

modification of regime with those of flora, fauna and land-use. The modification of regime 

brought about by the introduction of new species and management practice has a fair 

negative impact on the environmental components, particularly flora and fauna, and is quite 

significant The impact of such interactions are best comprehended in the following case 

studies on vegetational analysis of plantations of exotic species. The other developmental 

activity having high interaction is land transformation and construction, which has 

influenced the processes like flood, soil erosion and landslide, with high magnitude, the 

impact ofwhich is very significant. This has been clearly revealed in specific case study on 

landslide caused by construction activity. 

7.4 CASE STUDIES 

7.4.11MPACT OF DHUPI PLANTATION ON THE ENVIRONMENT 

Since the advent of the British in the area, the forests have gone through a series of changes 

from uncontrolled clear felling in the earlier phases when conservation was not a priority to 

gradual and systematic management. However, commercial forestry has been the practice 
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LOCATION MAP OF MAHALDIRAM CASE STUDY 
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Photo. 7. la Almost pure stands of exotic species teak (Tectono 
grandis) in Bamanpokhri 

Pbot 7 tb M onoculture ofdhupi in Mabaldiram o .. 



for the major part of the period and has been one factor, which has led to the introduction of 

exotic species. 

While almost half of the study area has given way to the introduction of tea plantations, with 

complete change in the vegetation, many parts of the forest areas under the control of the 

Government of West Bengal have been planted with almost pure stands of exotic species 

like teak (Tectona grandis) in the plains and the foothills (Photo. 7.1a), and dhupi 

(Cryptomeria japonica) in the hills (Photo. 7.1b). The investigator has carried out 

vegetational analysis in the middle to upper hill areas of the study area to find out the impact 

of growing monocrops of dhupi on the biodiversity with particular reference to plant 

species. The areas selected for the study were in Mahaldiram Block of Kurseong Forest 

Division, one having natural forests consisting of miscellaneous species of the middle to 

upper hills, and one having pure dhupi plantations of 1929-31 (Fig. 7.3). 

Vegetational analysis was done usmg quadrats of different sizes for trees, shrubs and 

herbaceous plants (Santra, Chatterjee and Das, 1989). Quadrats of 400 square meter, 25 

square meter and 1 square meter were used for trees, shrubs and herbs respectively. Three 

plots for each type of forest/plantation were selected randomly. In each plot 400 square 

meter quadrat was laid within which two 25 square meter and four 1 square meter quadrats 

were laid. Canopy forming trees were recorded from the 400 square meter quadrats, shrubs 

and tree saplings from the 25 square meter quadrats and herbaceous plants from the 1 square 

meter quadrats. All the species of plants as observed were recorded (Appendix 7.1a and 7.1b 

and frequency class, density and abundance calculated (Appendix 7.2a & 7.2b). Frequency 

class diagrams (Fig. 7.4) of the natural forest and dhupi plantation were prepared and 

compared with Raunkiaer' s Frequency Class Diagram. Raunkiaer' s Frequency Class is 

given in the Table 7.2: 

The Mahaldiram Natural Forest comprises 46 species of which 24 are tree species, 10 are 

shrubs and 12 are herbaceous species, while the Mahaldiram Dhupi Plantation consists of 20 

species, of which 3 are tree species, 8 are shrubs and 9 are herbaceous species. A 
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companson of data of the two areas reveals that the plantation area is not showing 

representation of 16 plant species indicating a reduction in the spectrum of species. 

Table 7.2 

Raunkiaer's Frequency Class 

Frequency Class % of the Frequency 

A 0 - 20% 

B 21 - 40% 

c 41-60% 

D 61 - 80% 

E 81 - 100% 

Figure7.4 FREQUENCY CLASS DIAGRAM 

60 

LL 
0 50 
0 z 40 
...JI/) 
c:(W 
.... -

30 oo 
.... ~ 
W0 
:X: .... 
LL 

Mahildaram Dhupi Plantation 
0 
~ 

Raunkiaer's Normal Freqency Diagram 

E 

The natural forest area is not showing representation of two plant species including dhupi . It 

is evident that clear felling of natural forest areas followed by planting of dhupi, an exotic 

species, have led to the suppression of the naturally occurring miscellaneous species as these 
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Photo. 7.2 Multilayered Natural Forest near Mahaldiram 

Photo. 7.3 Dhupi plantation lacking the multilayer structure 



species have failed to come up within the plantation areas even over a period of about 70 

years. 

Frequency studies of the areas show that the natural forest closely follows the Law of 

Frequency as propounded by Raunkiaer (1934). The Frequency Class Diagram of the natural 

forest is almost similar to Raunkiaer's Normal Frequency Diagram, while that of dhupi 

plantation is different from the normal indicating a biotically disturbed site. The data on 

abundance and density (Appendix 7.2a & 7.2b) reveals that there is a fair abundance of 

species like Castonopsis hystrix, C. tribuloides Quercus pachyphylla and Symplocus 

phyllocalyx forming the upper canopy. In the middle storey there is a fair abundance of a 

few tree species like Acer pectinatum, Quercus lamellosa, Machilus villosa besides the 

shrubs like Dichroa febrifuga, !lex dipyrena Piper hamiltoni and Polygonum mol/e. The 

ground flora reveals quite a rich flora with the abundance of species like Hydrocotyle 

japonicum, Chrysopogon aciculatus, Diplazium polyploides, Impatiens exilis, Impatiens 

stenantha and Selaginalla sp .. 

The natural forest area possesses a multilayered structure with trees, shrubs· and herbs of 

different sizes (Photo. 7.2) comprising the upper canopy, middle storey and the under 

growth. In comparison to this, the dhupi plantation is lacking the multilayer structure and is 

almost lacking in undergrowth (Photo. 7.3). In one particular sample plot of the dhupi 

plantation, because of the nearness to the road, the distribution of the dhupi trees were 

sparse. In this particular area, plant species were better represented than other sample plots 

where there was no undergrowth and the ground was covered with a thick mantle of 

undecomposed dhupi needles. 

From the vegetational studies it may be concluded that the changes in regime with the 

introduction and growing of exotic species as a monocrop has proved to be detrimental to 

the species diversity of the area. The absence of undergrowth in such plantations may also 

increase th~ surface run-off leading to more soil erosion, particularly where slope gradient is 
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more. The direct impact of planting pure dhupi plantations in the region may be summarised 

as: 

• Miscellaneuos species found growing naturally in the area are suppressed which 

adds to the problems of the increasing gap in the demand and supply of timber, 

fuelwood, fodder and non timber forest produce (NTFP), 

• Biodiversity is adversely affected, and 

+ Run-off and soil erosion is increased. 

7.4.21MPACT OF RIDGE TOP CUTIING AND THROWING OF TALUS MATERIAL DOWNHILL 

The Mirik landslide is a typical illustration of how the activities of man in a geologically 

unstable area have aggravated the conditions to extreme limits. The disposal of talus 

materials, resulting from the excavation of hill slopes and hill tops for various purposes, 

downhill and in many cases into jhoras and kholas is a common practice in the hilly region. 

This particular case exemplifies how such an action has initiated landslides that have 

affected the road communication, agricultural fields and threatened the normal life of the 

local people residing in the vicinity (Photo. 7.4a & 7.4b). The investigator has tried to assess 

the impact of the disturbance and identify the various environmental factors that have come 

to play. 

During the year 1995, the Gorkha Hill Council undertook an ambitious project of 

constructing a helipad in Mirik area to boost tourism. The Mirik Dome was selected for the 

purpose and operations to cut the dome and level the area started in a war footing by 

engaging heavy bulldozers and hundreds of labourers. The excavated talus materials was 

obviously thrown downhill into the area which formed the source of Marma Khola ignoring 

the consequence that would follow such heedless action. The project was abandoned in 1996 

for certain reasons but the damage had already been down, as landslides occurred 

immediately during the monsoons resulting in disruption of communication and loss of 

agricultural areas along the banks of the jhora (Fig. 7.5 & 7.6). 
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Photo. 7.4a Flattening of M irik Dome: ote the headward migration 
of Gullies 

Photo. 7.4b Throwing of excavated material downhill triggered 
landslide at Muik 



7.4.2.1 Factors of Instability 

Geological Factors: The area is composed of gneiss and granite, which have extended in 

NE-SW, NNE-SSW and EES-WWN directions with varying dips of 20° to 60°. The rocks 

are highly jointed and foliated, and a number of quartzo felspathic veins have been identified 

with a thickness of 5 centimeters and a length of 10 meters. The cracks and joints, which 

ultimately lead to disintegration of solid rockmass into blocks, are signs of action of diurnal 

and seasonal variation in temperature. It is through these, that rain water seeps in and 

decomposes felspathic rocks to form kaolin, which often acts as lubricant for sliding of slope 

materials (Fig. 7.6). 

Pedological Factors: The analysis of soil collected from sample pits dug at the edge of 

landslide scar revealed that vulnerable conditions have developed naturally at a depth of 30 

- 50 centimeters, where clay predominates with a good amount of organic matter, high 

water holding capacity and volume expansion. 

Changes in Vegetation Cover: The hill slopes around the landslides are devoid of proper 

vegetation and remain fully exposed to the onslaught of heavy rains during the monsoons. 

The absence of adequate vegetative cover has therefore disturbed the cohesiveness of the 

soil.rendering it vulnerable to erosion. 

Effects of Rainfall, Run-off and Infiltration: The effects of rainfall, run-off and infiltration 

are evident from the various forms of erosion that are present in the area starting from splash 

erosion, to rill cutting and gully erosion. Gully erosion is the most dangerous, as it continues 

to proceed inwards eroding more and more area as high run-off flows through these gullies. 

Effects of Human Interference: The open and bare slope of the area are obvious signs of 

heedless deforestation carried out by man to meet his ever increasing demand for fuel, 

timber and fodder. The necessity of developing a hospital and making it accessible has led to 
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the construction of a metalled road in the area. This has resulted in the removal of basal 

support by cutting and further steepening of natural slopes thereby decreasing the shearing 

Table 7.3 

Morphology of Mirik Landslide 

Pte-Slided Conditions 
1.Rocks: Moderate to highly 
decomposed jointed Granite, 
Gneiss interbedded felspathic 
veins. The rocks are dipping at 
an angle of 20°-60° towards 
NE-SW, NNE-SSW, and EES
WWN. A number of joints 
have been identified. 

2. Altitude: 1620-1690 meter. 

4. Natural Vegetation: 
Scattered shrubs. 
Land-Use: Tea Garden ts 
situated just below the 
threatened area. Mirik to 
Hospital road passes through 
this affected area. Shrubs are 
found scattered here and there. 

5. Soil Colour: 
Top: 10 YR4/4 

(dusky red) 
Mid: 2.5 YR 4/4 

(reddish brown) 
Base: 5YR 4/3 

(reddish brown) 

Post-.Slided Conditions 
1. Length of the scar: 270 
meter. 
2.Width of the scar: 

Max: 95 meter 
Min: 10 meter 
Ave: 52.5 meter 

3. Depth of the scar: 
Max: 5.1 meter 
Min: 0.3 meter 
Ave: 2.7 meter 

4. Shape: Triangular 
5. Total area affected: 
14,175 sq. meter. 
6. Total volume ofmaterials 
displaced: 38,272.5 cubic 
meter. 
7. Processes responsible for 
the landslide: Removal of 
basal support by toe cutting 
makes the stage ready for. 
slide. ' · Spontaneous 
liquefaction due to heavy 
rainfall and cutting of the 
ridge tops for helipad have 
actually provided the so 
called trigger mechanism. 
8. Modified slope: Concave 
and irregular (120-600) 
9. Type of slide: Debris 
flow. 
10. Special features: A 
number of gullies have 
developed, incisions have 
also been noticed. 

Compiled by the Investigator during field survey. 
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Remarks 
Within a short period the 
link between Mirik and 
Hospital will be affected. 
Immediate proper storm 
water draining system 
and protective wall are 
recommended. 

Ridge top cutting 
materials were thrown 
away along the natural 
stream downslope. These 
unconsolidated materials 
have undergone massive 
gully erosion during the 
monsoon· months. Such 
stream action along with 
continuous toe cutting has 
actually invited disastrous 
landslides along the upper 
valley of the nver 
Marma, a tributary of 
Balason. 



resistance of the slope materials. The drainage of the road is badly maintained and is one of 

the factors for the landslide in the area. The cutting of the Mirik Peak and throwing the 

excavated material downhill has in fact triggered the landslide (Photo. 7.4). 

Morphology of the Landslide: The morphological account of the pre and post slide 

conditions of the area to follow the sequence of the disaster is given in Table 7.3. 

The study reveals how unscientific and irrational activities of man can cause irrevocable 

damage to the environment. The cutting of the hilltop and throwing the excavated material 

downhill (Photo. 7.5) into the source ofMarma Khola has initiated landslide in the area and 

the entire tract along the khola. 

7.5 CONCLUSION 

The studies on impact assessment reveals that developmental activity can lead to serious 

degradation of the environment especially if it is heedless of the law of nature or unmindful 

of fragile nature of the Himalayan ecosystem. The impact of such activity has been adverse 

and significant particularly in those areas where the activity has been unscientific and where 

there has been complete neglect of the existing environmental factors. 

Under prevailing conditions of environment degradation in the study area, it has become 

absolutely necessary to review and analyse the impact of the developmental activities in the 

area so that a comprehensive plan could be projected to offer every possible remedial 

measure for every type of adverse effect and to advise also the precautions that are pertinent 

and ne~~ to be followed before taking any developmental activity in the area. 
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ABSTRACT 

The Kurseong Sub-Division lies in the South -Western part of Darjeeling Himalaya and is 

situated between the meridians of 88° 7' and 88° 27' East Longitude, and between the 

parallels 26° 47' and 26° 58' North Latitude. It covers an area of 432.49 square kilometer. 

Environmental degradation and associated problems are the most pervasive of natural 

problems that undermine the economic and cultural development of the Kurseong Sub

Division. Ever since the British occupation, extensive heedless deforestation, tea plantation, 

unscientific slope cultivation, haphazard construction work and inadequate drainage have 

disturbed the physico-cultural set-up of the area. The unscientific and unplanned usage of 

land has led to the establishment of vicious cycle of degradation. 

Among the vanous degradationai processes, landslide, soil erosion and destruction of 

biodiversity in the northern hilly tract, and the rising riverbed, flood and destruction of 

biodiversity along the southern foothills are more important. The situation has deteriorated 

further in recent years; the last two decades having witnessed the worst iansdslips on the hili 

slopes and heaviest flood in the North Bengal Plains. 

- l . :I'll .11 'II 4 11 • 11 ~ 11 .. .:f"' 11 .J"'t .. • ..., 

uoo~ogicalty, tnt} ar0a una0r sruay 1s composoo or s~vera1 tyFs o~ rocK tormat1ons o-r 

varying characteristics. The northern part is composed of highly metamorphosed rocks like 

gneiss, schists, phyiites, slates and quartzites. The southern hilly tract is composed of 

s~ndstones, siltstone, shale, etc. while the extreme southern part is composed of recent to 

sub-recent alluvium and fan materials. 

Topographical study of the area indicates that it may be sub-divided into two broad zones, 

the northern hilly section and the southern piedmont i.e. the Terai. Geologicaiiy, the area is 

vulnerable to soil erosion as the hilly portions are predominated by intensely 

metamorphosed rocks like phyilites, schists, slates and gneiss which are highly weathered~ 

fractured, jointed with a tendency to produce slope instability during intense rainstorm. 
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Deforestation and high precipitation (>3000 millimeters) in the area make it even more 

susceptible to soil erosion and landslides leading to loss of soil nutrients and endangering 

the iives and property of the people. The foothiii or piedmont zone is the zone of maximum 

aggredation and exhibits convex slope and fan formation. The area maintains a fair amount 

· of natural vegetation but their distribution and density are not uniform. The piedmont slopes 

are highly vulnerable to choking caused by the translocation of the eroded debris from the 

hiliy areas. 

Geomorphological analysis of the study area reveals that the erosional form of northern hilly 

part is further sub-divided into ridge, upper hiiis and lower hiiis while the accumulative form 

of southern piedmont zone sub-divided into alluvial fan and deiuvial plain. The study 

reveals that the region is young and active with_ convex ridges having gentler slopes in upper 

areas, and steeper at the foot where active down cutting is stili evident. Geomorphic 

processes like the fluvial process,- which is the most important, together with denudation, 

slope wash, and mass movement have been found responsible f()r the final shaping oflower 

Darjeeiing Himalaya. Iv1ajor geomorphic forms have been identified in the study area like 

the denudate outlier, dome like summit, broad ridge, landslide scars, landslide tongue, 

deluvial and soiifiuxion plains, erosional cuttings, trough like vaiieys, gorge, river 

accumulation, alluvial fan, river terrace. Tne quantitative analysis of the various 

morphometric properties of 67 third_ order basins also reveal some striking results regarding 

their multiple process-response relationships. It has also been revealed that the various 

function of the drainage network is stili under operation, which might be demonstrated by 

the re-organisation of the morphometric parameters of the drainage. The streams are still 

extending their Jength, the consequent increase in relief ratio, drainage density, elongation 

ratio and stream gradient to adjust themselves with the existing terrain typified by variations 

in lithology, structure, relief and vegetation. The region is thus, trying its level best to 

remove the vagaries of inequilibrium and to put one step forward to enter the stage of late to 

early maturity in near future. 

The study of land-use changes since the day the British started developmental activities in 
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the region reveals how the dense virgin forests were gradualiy cleared and depleted to give 

way to the development of tea, settlements, cultivation, roads and communication and other 

developmental activities to promote tourism and therel?y increasing the environmental 

hazards that we are now exposed to. Incidences of environmental breakdown like the first 

recorded landslides ofl899, which took the toll of many lives and loss ofa lot ofproperty in 

the area following unprecedented rainfall, have been found related not only to the natural 

phenomena of the heavy amount of rainfall but also to defective drainage of sites, excessive 

lead of drains, imperfect or badly constructed revetments, neglect to reduce or protect steep 

slopes, defective supervision ofbuilding sites and quarrying in unsafe localities. It indicates 

how man's activities in the area has escalated the pressures of an increasing population on 

the ecologically fragile environment leading to widespread deforestation, soil erosion and 

landslides, and floods in the plains. 

The assessment of soil loss by water erosion has been attempted through the study of its 

processes and mechanisms and apprehending a number of diagnostic criteria. A formula for 

proposed conservation plan has also been presented to protect the extremely vulnerable soil 

against erosion. The study reveals that the forest-dad mountains of Kurseong ·sub-Division 

of Darjeeling Himalaya, with high precipitation, have been subjected to man's heedless 

activities that have accelerated the average soil erosion. The worst affected north-western 

and north-central parts (upper Balason and upper Mahananda basin respectively) have been 

found to be mostly deforested aiong with skeietal soii and very steep slope (>301, and 

therefore, need immediate conservation measures like large scale afforestation with suitable 

terracing and drainage facilities to check massive soil loss. The study points to the special 

attention that should be given to the roads, railways, tea gardens, agricultural terraces and in 

and around the existing settiements. The southern and south-eastern parts have been found 

to have very low to negligible amount of soil loss (beiow 5 tons/h-1/y"1
). This amount is most 

probably below the upper limit of the permissible .soil erosion and thereby, no immediate 

conservation measures are required. The study also reveals that high to very high level of 

conservation measures are required in many areas of northern and central parts of the study 

area, where, extensive tea plantation and terrace cuitivation exist, and where the amount of 
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soii loss has been estimated to be in between 250 to 2500 tons/h-1/i1
. For the areas located 

along the ridges and the southern margins of the study area, moderate level of conservation 

has been proposed, while, low level of conservation measures has been recommended for 

the southern piedmont slopes and the northern ridges. Among the various conservation 

measures, the agronomic measures should be given preference because they are less 

expensive and deal effectively in reducing the impact of raindrops, increasing infiltration, 

reducing run-off, volume and decreasing water velocities. It is also easy to fit them into the 

existing land-use system. 

The study area is the show place for various types of slope failures, of which, slumps, soil 

slips, debris slides, mud rock flows and debris flows are important. Assessment of landslide 

prone areas show that the settled areas, areas along the roads and railways, tea gardens and 

the valley side slopes are highly susceptible to large scale slope failure phenomena. 

The analysis of the landslides has revealed the characteristic peculiarities of each of the 

landslides under study indicating water as having the most deleterious effect. While some of 

the slides have been caused by toe erosion of the drainage elements, some of the slope 

failures have been found to be the result of unscientific and unplanned human interference 

disrupting the delicate hill eco-system. The study highlights the fact that the choice of 

remedial measures to prevent landslide and similar slope movement should be made after 

careful analysis of the causative factors and that the design of the preventive structures 

should depend on the geomorphological and geological framework of the region and 

strength of the materials involved in the landslide. Treatment of slope configuration, 

improvement of drainage facilities and retaining walls, afforestation and restriction to 

human settlements are identified as the most important corrective and preventive measures 

to be adopted in the study area. 

The study water resources reveals that the Kurseong Sub-Division ofDarjeeling Himalaya is 

unable to hold back water due to extensive deforestation and commercialisation of hill 

slopes, as a result of which most of the precipitated water goes down the slope, giving rise to 
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severe soil erosion and landslides. The debris, which is translocated and deposited in the 

riverbeds, restrict the free passage to an excessive amount of run-off, which follows heavy 

and concentrated rainfall and thereby causes flood. On the contrary, during the non

monsoon months the shortage of water hinders the local people from deriving any benefit 

out of soil, in conjunction with the river itself The study assesses that out of the total surface 

water resource of 103 5. 514 million m3 (based on long term empirical model) -or 134 7.15 

million m3 (based on discharge run-off model), nothing substantial has been utilised 

commercially. The sub-surface water reserve has also found to be commercially untapped. It 

has therefore, been found absolutely necessary to devise suitable ways and means to -

conserve such huge unutilised water resource. Suggestions like the construction of a number 

of check dams across the river at suitable sites to preserve the monsoonal supply for re

distribution during the non-monsoon months, construction of mini-hydel projects and 

tapping the mountain torrents at suitable sites to provide with the vital energy base for 

domestic and industrial activities in the Sub-Himalayan West Bengal have been made. The 

study brings out the fact that in the absence of suitable water harvesting facilities, the vast 

quantity of monsoon supplies goes waste. Thus, the problem of proper scientific 

management of water redistribution during drought needs an immediate and closer 

investigation. 

The Impact assessment of selected developmental activities on the environment through 

studies involving impact identification and case studies consisting of phytosociological 

analysis of man made forest and study of man induced landslide has been conducted .. 

Quantitative assessment of environmental impact of developmental activities has been 

attempted based on Leopold's matrix. The vegetational studies reveals that the number of 

species represented in the Cryptomeria japonica plantation is less than that of the natural 

forest. The natural forest area possesses a multilayered structure with trees, shrubs and herbs 

of different sizes comprising the upper canopy, middle storey and 'the under growth. In 

comparison to this, the Dhupi plantation is found to be devoid of the multilayer structure and 

almost lacking in undergrowth. The ground remains covered with a thick rn.antle of 

undecomposed dhupi needles. The study therefore reveals that changes in regime with _the 
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introduction and growing of exotic species as a monocrop are detrimental to the species 

diversity of the area and induce increased surface run-off leading to more soil erosion in the 

absence ofundergrowth. 

The study of man induced landslide reveals how unscientific and irrational activities of man 

can cause irrevocable damage to the environment. It illustrates how the activities of man in a 

geologically unstable area have aggravated the conditions to extreme limits, like the 

common practice of disposing the talus materials, resulting from the excavation of hill 

slopes and hill tops for various purposes, downhill and in many cases into jhoras and kholas 

in the hilly region. The case study exemplifies how such an action has initiated landslides 

that have affected the road communication, agricultural fields and threatened the normal life 

of the local people residing in the vicinity The cutting of the hilltop and throwing the 

excavated material downhill intp the source of Marma khola has initiated landslide in the 

area and the entire tract along the khola. The studies on impact assessment therefore reveal 

that developmental activity can cause problems serious environment degradation particularly 

in the case of such an activity being inconsiderate to the law of nature or unmindful of the 

fragile nature of the Himalayan ecosystem. 

Thus, it is apparent that the fragile ecosystem ofKurseong Sub-Division has been disturbed 

seriously through unscientific and unplanned uses of land, heedless deforestation, over 

grazing and so called short sighted development activities, thereby endangering the life and 

property of the local inhabitants. Under existing conditions of environment degradation 

manifested by the occurrence of increased soil erosion, frequent landslides, disturbance in 

the delicate hydrological balance and biodiversity, deforestation and floods in the study area, 

it has become imperative to review and analyse the impact of the developmental activities in 

the area so that a comprehensive plan can be projected to offer every possible remedial 

measure for every type of adverse effect and to advise also the precautions that are pertinent 

and need to be followed before taking any developmental activity in the area. Immediate 

steps have, therefore been recommended for suitable afforestation of vulnerable areas, 
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restriction of agriculture and settlements to stable geological formations and propagation of 

scientific knowledge to the people for an effective solution to the problem of degradation. 

The overall restorative measures in the area under study should also be directed towards 

providing positive alternative sources of energy to the local inhabitants, so that they are not 

forced by circumstances to seek out the only existing natural source of energy, the timber. 

Tapping of perennial mountain streams through mini-hydel projects may provide a source of 

cheap, sustainable and environment friendly resource for energy to the local inhabitants to 

run their daily needs. Once, such projects become economically viable, the local people will 

automatically shun the laborious habit of cutting trees for fuel. As a result, the vegetal cover 

will ensure consumption of a good part of the total rainfall thereby lessening total run-off as 

well as fury of soil erosion, landslides, and minimizing the danger posed by the rivers as a 

result of sedimentation. A good deal of water which is being lost to the plains lower down 

would be conserved, enhancing year round stream flow, soil moisture as well as fertility and 

thereby multiplying the blessing of nature. 
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APPENDIX 2.1 

GLOSSARY OF FOREST MANAGEMENT TERMS 

Coppice Forest: A forest consisting of trees derived :from coppice shoot or root suckers. 

Coppice With Standard: It is that Coppice system in which part of the crop is retained to 

form an uneven-aged oveiWood. 

Coupe: A felling area usually one of an annual succession unless otheiWise stated. 

Felling Cycle: The time that elapses between successive main fellings on the same area. 

Felling Series: A forest forming the whole or part ofworking circle and delimited so as (i) · 

to distribute felling and regeneration to suit local conditions and (ii) to maintain or create a 

normal distribution of age classes. 

Higb Forest: A forest, which originated :from seed. A crop or cr-ops of trees normally with a 

closed and high canopy and usually of seedling origin. 

Improvement Felling: The removal or destruction of less valuable trees in a crop in the 

interest of better growth of the more valuable individual, usually applied to a mixed uneven

aged forest. 

Irregular Forest: A forest composed oftrees of markedly different ages. 

Normal Forest: A forest which for a given site and given object of management is ideally 

constituted as regards growing stock, age class distribution and increment and from which 

the annual or periodic removal of produce equal to the increment can be continued 

indefinitely without endangering future yields. . .. -

164 



Periodic Block: The parts/ part of forest set aside to be regenerated or otherwise created 

during a specified period. 

Regular Forest: A forest composed of even aged wood i.e. trees of approximately of the 

same age. Difference upto 25 % of the rotation age of the rotation age is oonsidered even 

aged where rotation is about 100 years. 

Rotation: The planned number of years between the formation or regeneration of a forests 

crop and its final felling. 

Selection Felling: The annual or periodic removal of exploitable trees individually or in 

small groups in an uneven-aged forest in order to realise the yield and natural regeneration. 

Selection System: A system in which the mature crop is removed either as single trees or in 

small groups over the whole of the felling series. 

Shelterwood System: The system in which the mature crop is removed in a senes of 

operations, the first ofwhich is the seeding felling and the last is the final felling . 

Silvicultural System: A method of silvicultural procedure worked out in accordance with 

accepted sets of silvicultural principles, by which crops are tended, harvested and replaced 

by new crops of distinctive forms. 

Silviculture: That branch of forestry, which deals with the establishment, development, 

care, and reproduction of stands of timber. 

Taungya: The plantation in which the forest department gets agricultural crops also raised 

along with the forest plants in the interspaces of their lines by mazdoors or daily wages, or 

by lessees or by villagers who have settled down in a village inside the forest for the 

purpose. 
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Working Circle: A forest area (forming the whole or part of a working plan area) organised 

with a particular object and under one silvicultural system and one set of working plan 

prescriptions. 

Working Piau: A written statement of management aiming at continuity of policy and 

action and controlling the treatment of a forest. Synonym with Management Plan. 
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APPENDIX 3.1 

CHECKLIST OF THE IDENTIFICATION OF LANDSLIDE-PRONE AREAS 

Locality: St. Mmy' Landslide 

Observer: P. T. Bhutia 

Date: 16.8.95 

I. Relief: 

Rating 1 2 3 4 

a) Valley depth : Small Moderate y Large Very large 

b) Slope steepness Low Moderate y Steep Very steep 

c) Cliff Absent y Present 

d) Height difference 

between different 
valleys Small y Moderate Large Very large 

e) Valley slide slope Spur Straight Shallow y Deep cove 

cove 

II. Drainage: 

a) Drainage d~nsity Low Moderate y High Very high 

b) River gradient Gentle Moderate Steep y Very 

steep 

c) Slope None Moderate Severe y Very 

undercutting severe 

d) Concentrated Absent Present 

seepage flow 

e) Standing water Absent Small y Moderate High 

f) Recent incision Absent Small Moderate y High 

g) Pore water Low Moderate High ·v Very high 

pressure 
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ill BedRock: 

a) Jointing density Low Moderate High y Very high 

b) Aniount of di~ , Horizontal Small Moderate y Large 

c) Strong bed over 

weak bed Absent y Present 

d) Hardness Very high High Moderate y Low 

e) Texture Very fine Fine y Medium Coarse 

grained 

f) Degree· of None Small Moderate y Large 

weathering 

g) Compressive Hih ___ g __ Moderate y Low Very low 

strength 

h) Porosity & Very low Low Moderate y High 

permeability of 

bed rocks 

IV Soils: 

a) Site Valley Gentle Moderate y Steep 

floor slope slope slope 

b) Angle of rest Low Moderate y Steep Very 

steep 

c) Depth Small Moderate y Large. Very 

large 

d) Shear strength High Moderate y Low Very low 

e) Liquidity index Low Moderate High y Very 

high 

f) Volume of Low Moderate High y Very 

expansion high 

g) Organic matter Very High Moderate y Low 

high 

h) Porosity & sand Low Moderate High y Very· 

permeability high 

i) Coherent bed over -.; 
incoherent bed Absent Present 
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V Legacies from the Past : 

a) Previous Absent Rare Some v' Many 

landslides 

b) Deep weathering None Slight Moderate v' Much 

c) Fossil solifluction Absent Slight v' Some Many 

d) Evidence of Absent Slight Some Many v' 
active soil 

erosion 

VI Man Made Features : 

a) Excavation depth None Small v' Moderate Large 

b) Excavation Hill High valley Low valley v' Bottom 

position crest valley 

c) Reservoir Absent v' Small Deep Very 

deep 

d) Drainage v' 
diversion across Absent Present 

hill, side 

e) Cutting of basal v' 
support Absent Present 

f) Loading of upper None Slight Moderate v' Large 

valley 

g) Deforestation Absent Slight Moderate High v' 
h) Root crop Absent Slight Moderate v' High 

cultivation 

i) Unscientific Absent Slight Moderate v' High 

construction 

h) Unscientific Absent Slight Moderate High 

terracing 

Modified from Cooke & Doomamp, 1974 

Degree of susceptibility = 100 x 
Total . .Rating . .Value 

Total. Number .. of. .Studied . .Items 

= 100 X III = 158.83 
44 
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APPENDIX 7.1a 

QUADRAT WISE DISTRIBUTION OF SPECIES AT MAHALDIRAM NATURAL FOREST 

Quadrat Number Sl. Recorded Plants 
No. 

400sq.m 25sq.m 1sq.m Name Family Number 

I 1) Castanopsis hystrix Fagaceae 15 

2) Zanthozylum budrunga Rutaceae 4 

3) Symplocus phyllocalyx Symp/ocaceae 12 

4) Rhus insignis Anacardiaceae 1 

A 1) Viburnum erubescens Caprifo/iaceae 9 

2) Symplocus phyUocalyx Symplocaceae 18 

3) Rubus ellipticus Rosaceae 12 

4) Talauma hodgsoni Magnoliaceae 27 

5) Osbeckia nepa/ensis Melastomaceae 12 

6) Quercus lineata Fagaceae 1 

7) Piper hamiltoni Piperaceae 25 

8) Quercus pachyphy//a Fagaceae 6 

10) Dichroa febrifuga Saxifragaceae 14 

12) Mahonia sikkimensis Berberidaceae 5 

13) Eriobotyra dubia 
~r.-:· 

Rosaceae 4 

14) /lex dipyrena Aquifo/iaceae 35 

15) Eurya japonica Theaceae 6 

16) Polygonum mol/e Polygonaceae 11 

B 1) Quercus lamellosa Fagaceae 14 

2) Strobilanthes pectinatus Acanthaceae 3 

4) Ficus nemoralis Moraceae 3 

'- 5) Mahonia sikkimensis Berberidaceae 5 

6) Clerodendron colebrookianum Verbenaceae 5 

7) Machi/us villosa Lauraceae 10 

8) Acer pecinatum Acerace.ae 9 

9) Polygonum mol/e Polygonaceae 25 

10) Neo/itsea fo/iolosa Lauraceae 9 

11) Osbeckia nepalensis Melastomaceae 15 

12) Dichroa febrifuga Saxifragaceae 18 

13) Piper hamiltoni Piperaceae 24 

1 1) Dip/azium umbrosum Graminae 20 

2) SWertia chireta Gentianaceae 3 

3) Plagiogyria pycnophy/Ja Filices 6 

4) Diplazium polypoides Filices 15 

5) Carex baccans Cyperaceae 5 

6) Impatiens stenantha Balsaminaceae 26 

7) Hydro.cotyle nepalensis Umbelliferae 25 
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Continuation of Appendix 7.1a 

B 2 1) Arundinaria malinga Graminae 4 

2) Diplazium umbrasum Filices 15 

3) Impatiens langipes Balsaminaceae 15 

4) Hydracatyle nepalensis Umbelliferae 25 

5) Selaginella Selaginaceae 15 

6) Chrysapagan aciculatus Graminae 35 

3 1) Diplazium palypaides Filices 17 

2) Carex baccans Cyperaceae 6 

3) Swertia chireta Gentianaceae 5 

4) Impatiens stenantha Balsaminaceae 15 

5) Impatiens exi/is Balsaminaceae 30 

4 1) Diplazium umbrosum Fi/ices 12 

2) Impatiens exilis Balsaminaceae 23 

4) Impatiens langipes Ba/saminaceae 8 

5) Hydracatyle nepalensis Umbelliferae 25 

6) Carex baccans Cyperaceae 7 

n 1) Castanapsis hystrix Fagaceae 10 

2) · Symplacus phyllacalyx Symp/ocaceae 15 

3) Michelia excelsa Magnaliaceae 1 

A 1) Symplacus phyl/acalyx Symplacaceae 12 

2) Palyganum malle Pa/yganaceae 8 

3) flex dipyrena Aquifa/iaceae 25 

4) Viburnum erubescens Caprifo/iaceae 5 

5) Elaeacarpus lanceaefalius Elaeacarpaceae 4 

6) Neanaucea griffithii Rubiaceae 5 

7) Quercus pachyphylla Fagaceae 5 

8) Eurya japanica Theaceae 7 

9) Mahania sikkimensis Berberidaceae 7 

10) Eriabatyra dubia Rosaceae 6 

11) Curculiga recurvata Amaryllideae 6 

12) strobilanthes pectinatus Acanthaceae 5 

B 1) Quercus lineata Fagaceae 6 

2) Quercus pachyphylla Fagaceae 3 

3) Strobilanthes pectinatus Acanthaceae 7 

4) Eurya japanica Theaceae 8 

6) Mahania sikkimensis Berberidaceae 9 

7) Actinadaphne sikkimensis Lauraceae 6 

8) Palyganum mal/e Pa/ygonaceae 15 

9) Osbeckia nepalensis Melastamaceae 12 

10) Dichroa febrifuga Saxifragaceae. 15 

11) Piper hamiltani Piperaceae 16 

12) Talauma hadgsani Magnoliaceae 23 

13) flex dipyrena Aquifaliaceae 40 
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c ontmuatton o fA d" 71 lppen tx a 
Quadrat Number 51. Recorded Plants 

400sq.m 25sq.m 1sq.m No. Name Family Number 

B 1 1) Hydrocotyle nepalensis Umbelliferae 12 

2) Impatiens exilis Balsaminaceae 26 

3) Diplazium polypoides Filices 30 

4) Plagiogyria pycnophylla Filices 8 

5) Pferidium aquifolium Filices 8 

2 1) Impatiens longipes Balsaminaceae 9 

2) Arundinaria malingo Graminae 4 

3) Carex baccans Cyperaceae 5 

4) Diplazium polypoides Filices 15 

5) Diplazium umbrosum Filices 12 

6) Hydrocotyle nepalensis Umbelliferae 20 

7) Chrysopogon aciculatus Graminae 30 

8) Impatiens exilis 13alsaminaceae 14 

3 1) Diplazium umbrosum Filices 14 

2) Impatiens exilis Balsaminaceae 20 

3) Impatiens longipes Balsaminaceae 12 

4) Diplazium polypoides Filices 15 

5) Hydrocotyle nepalensis Umbelliferae 26 

6) Pferidium aquifolium Filices 7 

4 1) Diplazium umbrosum Filices 14 

2) Diplazium polypoides Filices 20 

3) Hydrocotyle nepalensis Umbelliferae 25. 

4) Impatiens exilis Balsaminaceae 26 

5) Impatiens longipes Balsaminac_eae a· 

m 1) Castanopsis tribuloides Fagaceae 8 

2) Quercus pachyphylla Fagaceae 5 

3) Symplocus phyllocalyx Symplocaceae 12 

A 1) Symplocus phyllocalyx Symplocaceae 20 

2) strobilanthes pectinatus Acanthaceae 3 

3) Osbeckia nepalensis Melastomaceae 10 

5) Michelia excelsa Magnoliaceae 1 

6) Dichroa febrifuga Saxifragaceae 16 

7) Mahonia sikkimensis Berberidaceae 8 

8) llex dipyrena Aquifoliaceae 21 

9) Eurya japonica Theaceae 7 

10) Evodia fraxinifolia Rutaceae 5 

11) Polygonum molle Polygonaceae 20 

172 



on mua ton o c t" f lppen 1x fA d" 7 1 a 
Quadrat Number Sl. Recorded Plants 

No. 
400sq.m 25sq.m 1sq.m Name Family Number 

B 1) Lindera pulcherrima Lauraceae 1 

2) Strobilanthes pectinatus Acanthaceae 3 

4) /lex dipyrena Aquifoliaceae 18 

5) Machilus odoratissima Lauraceae 4 

6) Eurya japonica Theaceae 8 

7) Viburnum erubescens Caprifoliaceae 15 

8) Osbeckia nepalensis Melastomaceae 8 

9) Polygon urn mo//e Polygonaceae 14 

11) Dichroa febrifuga Saxifragaceae 17 

12) Symplocus phy//ocalyx Symplocaceae 18 

13) Castanopsis hystrix Fagaceae 4 

14) Mahonia sikkimensis Berberidaceae 9 

1 1) Selagine//a Selaginaceae 20 

2) Diplazium polypoides Fi/ices 30 

3) Impatiens exilis Ba/saminaceae 23 

4) Impatiens longipes Balsaminaceae 9 

5) Hydrocotyle nepalensis Umbel/iferae 29 

6) Carex baccans Cyperaceae 8 

2 1) Diplazium umbrosum Fi/ices 14 

2) Diplazium polypoides Filices 10 

3) Impatiens /ongipes Balsaminaceae 8 

4) Impatiens exilis Balsaminaceae 12 

5) Hydrocotyle nepalensis Umbe//iferae 25 

3 1) Carex baccans Cyperaceae 4 

2) Impatiens longipes Balsaminaceae 8 

3) Impatiens exi/is Balsaminaceae 25 

4) Hydrocotyle nepalensis Umbelliferae 20 

5) Diplazium polypoides Filices 25 

4 1) Impatiens exilis Balsaminaceae 20 

2) Hydrocotyle nepalensis Umbel/iferae 28 

3) Diplazium polypoides Filices 23 

4) Diplazium umbrosum Fi/ices 18 

5) Impatiens longipes Balsaminaceae 7 

6) Carex baccans Cyperaceae 5 

2001 
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APPENDIX 7.1b 

QUADRAT WISE DISTRIBUTION OF SPECIES AT MAHALDIRAM DHUPI PLANTATION 

Quadrat Number Sl. RP ..J . ..J Dl ........ + ... 
400sq.m 25sq.m 1sq.m Nn Name Family_ Number 

IT 1) Cryptomeria}aponica Taxadoiceae 47 

A 1) Viburnum erubescens Caprifo/iaceae 6 
2) Symplocus phyllocalyx Symplocaceae 20 
3) Rubus ellipticus Rosaceae 6 
4) Piper hamiltoni Piperaceae 4 
5) Dichroa febrifuga Saxifragaceae 4 
6) Eurya japonica Theaceae 5 
7) Strobilanthes pectinatus Acanthaceae 6 
8) Polygonum molle Polygonaceae 11 

B 1) Eurya japonica Theaceae 2 
2) Strobilanthes pectinatus Acanthaceae 1 
3) Viburnum erubescens Caprifoliaceae 6 
4) Polygonum chinensis Polygonaceae 20 
5) Gerardinia palmata Urticaceae 4 
6) Dichroa febrifuga Saxifragaceae 7 
7) Symplocus phyllocalyx Symplocaceae 15 
8) Piper hamiltoni Piperaceae 7 

1 1) Rubia majith Rubiaceae 3 
2) Plagiogyria pycnophyl/a Fifices 6 
3) Diplazium polypoides Filices 8 
4) Impatiens stenantha Balsaminaceae 6 

2 1) Impatiens exilis Balsaminaceae 4 
2) Impatiens longipes Balsaminaceae 8 
3) Hydrocotyle nepa/ensis Umbelliferae 5 
4) Selaginella Selaginaceae 10 

3 1) Impatiens stenantha Ba/saminaceae 15 
2) Impatiens exilis Balsaminaceae 30 

4 1) Diplazium umbrosum Filices 12 
2) Se/aginel/a Selaginaceae 10 
3) Impatiens exilis Balsaminaceae 23 

TT 1) Cryptomeria japonica Taxadoiceae 72 

A Nil 

B Nil 

1 Nil 

2 Nil 

3 Nil 

4 Nil 

rn 1) Cryptomeria japonica Taxadoiceae 67 

A Nil 

B Nil 

1 Nil 

2 Nil 

3 Nil 

4 Nil 
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APPENDIX 7.2a Frequency, Abundance & Density of Species in Mahaldiram Natural Forest 
Name of Species No. of individuals in each quadrat '00 oc -0 >-

0 Q) 
"Ul 

oUl 
c: o-

~~ 
Q) 0 

zm ze :::J c: 
:::J C" m 

~ "C 
~ 

"C 

Quadrat Numbers jg~ 
-' "C c: mm u. :::J c: 

{:..= ~a ~ .c Q) 

I II Ill <( 0 

Castanopsis hystrix 15 10 25 2 3 66,7 12,5 8,33 

Castanopsis tribuloides 8 8 1 3 33,3 8 2,67 

Michelia excelsa 1 1 1 3 33,3 1 0,33 

Quercus pachyphylla 5 5 1 3 33,3 5 1,67 

Rhus insignis 1 1 1 3 33,3 1 0,33 

Symplocus phyl/ocalyx 12 15 12 39 3 3 100 13 13 

lA IB IIA liB lilA IIIB 

Acer pecinatum 9 9 1 6 16,7 9 1,5 

Actinodaphne sikkimensis 6 6 1 6 16,7 6 1 

Castanopsis hystrix 4 4 1 6 16,7 4 0,67 

Clerodendron cofebrookianum 5 5 1 6 16,7 5 0,83 

Curculigo recurvata 6 6 1 6 16,7 6 1 

Dichroa febrifuga 14 18 15 16 17 80 5 6 83,3 16 13,3 

l:laeaca~us/anceaefbHus 4 4 1 6 16,7 4 0,67 

l:riabatyra dubia 2 6 8 2 6 33,3 4 1,33 

l:urya japanica 6 7 8 7 8 36 5 6 83,3 7,2 6 

l:vadia fraxinifaHa 5 5 1 6 16,7 5 0,83 

Ficus nemaralis 3 3 1 6 16,7 3 0,5 

/lex dipyrena 35 25 40 21 18 139 5 6 83,3 27,8 23,2 

Lindera pu/cherrima 1 1 1 6 16,7 1 0,17 

Machi/us odaratissima 4 4 1 6 16,7 4 0,67 

Machilus villasa 10 10 1 6 16,7 10 1,67 

Mahania sikkimensis 12 5 7 9 8 9 50 6 6 100 8,33 8,33 

Michelia exce/sa 1 1 1 6 16,7. 1 0,17 

Neolitsea foHo/osa 9 9 1 6 16,7 9 1,5 

Neanaucea griffithii 5 5 1 6 16,7 5 0,83 

Osbeckia nepalensis 12 15 12 10 8 57 5 6 83,3 11,4 9,5 

Piper hamiltani 25 24 16 65 3 6 50 21,7 10,8 

Palyganum malle 11 25 8 15 20 14 93 6 6 100 15,5 15,5 

Quercus /amellasa 14 14 1 6 16,7 14 2,33 

Quercus lineata 1 6 7 2 6 33,3 3,5 1,17 

Quercus pachyphylla 6 5 3 14 3 6 50 4,67 2,33 

Rubus el/ipticus 12 12 1 6 16,7 12 2 

Strobilanthes pectinatus 3 5 7 3 3 21 5 6 83,3 4,2 3,5 

Sympfocus phyl/acalyx 18 12 20 18 68 4 6 66,7 17 .11,3 

Tafauma hadgsani 27 23 50 2 6 33,3 25 8,33 

Viburnum erubescens 9 5 15 29 3 6 50 9,67 4,83 
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Continuation of Appendix 7 .2a 

Name of Species No. of individuals in each quadrat Ul 0 Ul 
iii ~ ::J 
:!2 !! "C m > ~ ::J 
'6UI "C 0 C·CD 

!i 
:: ·o 0 >-

0 
0~ c CD 

c:i CD 0 c)UI ::J c 
z.c Z-c t:r 1\"1 

~ Quadrat Numbers _g 
iii~ ~ 

"C c 
.!!leu ~~ u. ::J c 
o_ o::J 

~ 
..0 CD 

11 12 13 14 111 112 113 114 1111 1112 1113 1114 1-o 1-w <( 0 

Arundinaria malingo 4 4 8 2 12 16,7 4 0,67 

Carex baccans 15 6 7 5 8 4 5 50 7 12 58,3 7,14 4,17 

Chrysopogon acicu/atus 35 30 65 2 12 16,7 32,5 5,42 

Diplazium polypoides 15 17 30 15 15 15 30 10 25 23 195 10 12 83,3 19,5 16,3 

Diplazium umbrosum 20 15 12 12 14 14 14 18 119 8 12 66,7 14,9 9,92 

Hydroootyle nepalensis 25 25 25 12 20 26 25 29 25 20 28 260 11 12 91,7 23,6 21,7 

Impatiens exilis 30 23 26 14 20 26 23 12 25 20 219 10 12 83,3 21,9 18,3 

Impatiens longipes 15 8 9 12 8 9 8 8 7 84 9 12 75 9,33 7 

Impatiens stenantha 26 15 41 2 12 16,7 20,5 3,42 

Plagiogyria pycnophyl/a 6 8 14 2 12 16,7 7 1,17 

Pferidium aquifolium 8 7 15 2 12 16,7 7,5 1,25 

Selaginel/a 15 20 35 2 12 16,7 17,5 2,92 

Swertia chireta 3 5 8 2 12 16,7 4 0,67 
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APPENDIX 7.2b 

FREQUENCY, ABUNDANCE & DENSITY OF SPECIES IN MAHALDIRAM DHUPI PLANTATION 

Name of Species No. of individuals in each quadrat <ll 
._ 

.l!3 iii 0 

:::J ~ 
"0 .l!3 "0 
·;;; co 
'O<Il ~ :::J 

"0 0 
E .~ co ._ >-
0~ 5~ 0 0 

Ql c 

o! c:i Ql 0 
0 :::J c 
ZL: Z-u IT co >-

Quadrat Numbers 0 -.~ Ql "0 "=! 
-co Li: c <ll 
~QI . ~ co-u :::J c 
o._ ~( ~~ * 

.0 Ql 
11 12 13 14 111 112 113 114 1111 1112 1113 1114 1--o <l: 0 

Cryptomeria japonica 46 72 67 189 3 3 100 63 63 

lA IB IIA liB lilA 1118 

Viburnum erubescens 6 6 12 2 6 33,3 6 2 

Symplocus phyllocalyx 20 15 35 2 6 33,3 17,5 5 ,83 

Rubus ellipticus 6 6 1 6 16,7 6 1 

Piper hamiltoni 4 7 11 2 6 33,3 5,5 1,83 

Dichroa febrifuga 4 7 11 2 6 33,3 5,5 1,83 

Eurya japonica 5 2 7 2 6 33,3 3,5 1 '17 

Strobilanthes pectinatus 6 1 7 2 6 33,3 3,5 1,17 

Polygonum mol/e. 11 11 1 6 16,7 11 1,83 

Polygonum chinensis 20 20 1 6 16,7 20 3,33 

Gerardinia palmata 4 4 1 6 16,7 4 0,67 

11 12 13 14 111 112 113 114 1111 1112 1113 1114 

Rubia majith 3 3 1 12 8,33 3 0,25 

Plagiogyria pycnophylla 6 6 1 12 8,33 6 0 ,5 

Diplazium polypoides 8 8 1 12 8,33 8 0,67 

Impatiens stenantha 6 15 21 6 12 50 3,5 1,75 

Impatiens exilis 4 30 23 57 3 12 25 19 4,75 

Hydrocotyle nepalensis 5 5 1 12 8,33 5 0,42 

Selaginella 10 10 20 2 12 16,7 10 1,67 

Diplazium umbrosum 12 12 1 12 8,33 12 1 
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List of Topographical Maps Used 

The following 1:50,000 and 1:25,000 Topo-sheets published by Survery of India were used 

by the author: -

Scale 1:50,000 78 A/8, 78 B/1 and 78 B/5 

Scale 1:25,000 78 B/5/1, 78 B/5/2, 78 B/5/3, 78 }3/5/4, 78 B/5/5 and 78 B/5/6 

IRS Satellite Geo-coded Maps were also consulted. 

THE END 
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