
Chapter - VII 

ANTHROPO-GEOMORPHOLOGY OF DARJILING TOWN 



A. INTRODUCTION 

The present chapter endeavours to visualise the gradual growth 

of Darjiling town and it stage-wise developmental impact on the 

local environment - a transition from natural forest eco-system to a 

modern urban eco-system. 

The population of Darjiling was only about 100 in 1800. It 

grew upto 10,000 in the following 50 years, and ultimately reached 

to 71,479 in 1991 according to the latest Census (Table 7.1 and 

Fig.7.1). For such an enormous population space for dwellings, roads 

for communication, water for drinking and other domestic purposes 

and building materials for the construction of their houses were 

urgently needed and these were mostly supplied by tapping local 

resources. As a result, the local geomorphological system has been 

drastically changed hampering the fragile ecological balance of this 

very Himalayan hill town. 

1. Methodology 

The methodology involves : 

i) The gee-environmental impact of the built-up areas in Darjiling 

have been categorised tentatively into three-stages based on data 

available from old documents, published materials and intensive 

field checking. 

ii) The evolution of various anthropo-geomorphological processes, 

• 
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Table 7.1 

Growth of Population and changes of Land-use in Darjiling Town 

Year Forest Built-up Area Population 

1800 + 95% Nil 100 -
1850 87% 3 % 10,000 

1901 65% 7.5% 16,924 

1951 40% 39.0% 33,605 

1991 15% 52.0% 71,479 

.. 2001 10% 65.0% +85,000 

*(Projected) 

Source CensusReports, Forest Census and other Old Documents. 

their rates and magnitudes have also been assessed both 

qualitatively and quantitatively based on data collected from 

extensive field-works as well as from various secondary sources i.e. 

Survey of India Topo-sheets (78A/4; 78A/8), aerial photographs, maps 

of the w.B. Forest Deptt. Quantitative assessment of Anthropo-

geomorphic processes has been done based on the methods developed by 

the u.s. Deptt. of Interior (1971) and Nir (1983) with necessary 

modifications involving the determination of the "degree of 

development". (D.D) or u.A. i.e. Urban population enjoying urban 

amenities and the "degree of perception" (D.P.) or U. I. i.e. urban 

illiteracy. The natural parameters are integrated and represented as 

Kc(constant for climatic erosivity) and Kr(constant for relief 

conditions) . The Potential Anthropo-geomorphic Index has been 

estimated from the following equation -

I= u.A. + u.I x 
2 

1 
100 

( Kc + Kr) • • • . . • . . . • 7 . 2 
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iii) Finally, a map showing potential anthropo-geomorphic impact on 

gee-environment of Darjiling urban centre has been prepared based on 

interpolation method. This may help in the future planning of a 

better and ecologically sustainable urban landscape for Darjiling 

town and its environs. 

Quantitative evaluation of the rate and degree of anthropo

geomorphic processes, encounters difficulties as a result of the 

unpredictability in man's behaviour. Thus, geomorphic processes 

represent one side of the study, the other being their human 

partner. 

B. STAGES IN THE GEO-ENVIRONMENTAL IMPACT OF BUILT-UP AREAS IN 

DARJILING TOWN 

The site for the present Darj iling town was choosen by J. w. 

Grant along the cresentic ridge originating from the Tiger Hill -

Ghum knot and extends upto the Lebong Tukvar spur, for the 

construction of a permanent resort cum residence for the then 

British-Indian Army. 

Darjiling has undergone many changes of jurisdiction The 

Morang/terai portion of the present District lying at the base of 

the mountainous tract, originally formed a portion of the State of 

Sikkim, but conquered and annexed by Nepal. In the treaty with Nepal 

at the close of the war of 1816, this tract was ceded to the British 

GoNt. by whom it was made over to the Sikkim Raja. From 1817 to 1828 

no notice was taken of Sikkim, till a frontier dispute occured 

between the Lepchas and the Nepalies , which according to the terms 

of the treaty, was referred to the British Govt. During the 
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arrangement of this quarrel, Darjiling was visited by a gentleman of 

high scientific attainment. Mr. J.W. Grant who pointed out the site 

for a sanatorium. In 1835 the nucleus of the present District of 

British Sikkim or Darjiling was created by the cession of a portion 

of the hills by the Raja of Sikkim to the British. Thus, on the lst 

February 1835 by a deed of grant by the Raja of Sikkim, Darjiling 

was ceded to the East India Company. This tract is described in the 

Deed of Grant i.e. "all the land south of the Great Rangit river 

east of Balason, Kanel and Little Rangit rivers and west of the 

Rangnu and Mahanadi rivers". In 1840, Dr. Campbell was appointed as 

the Superintendent of the new station. In 1850 a military expedition 

against Sikkim was rendered necessary, in consequence of the Raja's 

Diw~n (Prime Minister) having seized and imprisoned Dr. Campbell and 

Dr. Hooker, while travelling in Sikkim, with the permission of the 

Govt. and the Raja of Sikkim. The expedition resulted in the stopage 

of the allowance of £600 per 
u 

ann am 
1\ 

granted to the Raja as an 

equivalent for the cession of the hill station of Darjiling. 

Once established, Darjiling rapidly expanded. Allotments of 
a 

lands were purchased by Europeps for building dwelling houses, 

barracks and a Bazar were formed, the Bazar was under the 

management of the municipality and comprised of an area of 42 acres. 
a 

The sanatarium also provided accommodation for invalid Europep 

soldiers 1 a few official residents, civil and military 1 formed the 

nucleus of a community which was increased by retired officers and 

their families and by temporary visitors in search of health or cool 

climate. There were not more than a hundred inhabitants when the 

ground was transferred. But, by 1850 the number increased to 10,000. 

The Municipality was constituted in 1850 and in the beginning 

I 
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coincided with the tract of 138 sq. miles or 88,320 acres ceded by 

the Raja of Sikkim but,at present the boundary has been restricted 

to the station itself and comprises an area of 4 . 080 sq. miles/ 

10.57 sq. km. which has been divided in 26 number of wards barring 

the two cantonment areas ( Jalapahar-Katapahar and Lebong) (Census 

record 1991). In 1960 the municipality had 13 number of wards but 

since 1971 on wards it was increased to 26 wards. 

Prior to 1872 no attempt was ever made towards an enumeration 

of the population of the entire District. In 1869 a census was taken 

of the inhabitants within the limits of Darjiling municipality , 

(those tracts originally ceeded by the Raja to the British Govt. in 

1835). The result gave a total of 22,607 persons out of which 11,643 

were male adults and 3 ,12 3 were male children, 5, 2 0 0 were female 

adults and 2,641 were female children. The total number of houses 

within the municipal were 2,223, showing an average of 10.17soles to 

each house or 3.90/acre. The 11,643 male adults were classified as 

follows 9 881 Hindus, 727 Muhammadans, 582 Bhutias, 300 Lepchas, 

125 Europens, 14 Eurasians, 7 Armenians, 3 native Christians, 2 

Moghul, 1 Madrasi and 1 Chinaman. The census taken for this tract is 

believed to be fairly accurate as the individuals were actually 

counted (Hunter, 1877). 

In the beginning there was no trade but, by 1850, there was a 

considerable trade in musk, salt, gold-dust, borax, soda , wollen 

clothes which were loaded on pony backs. This trade was greatly 

increased by the annual fair, which Dr. Campbell established at the 

foot of the hills and thousands of natives flocked from all 

quarters. 



7.l(a) In 1878. 

Toy-train near Batasia loop. 

7.l(b) Recent 1993. 
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Since Dr. Hooker's time, the posperi ty of Darjiling further 

increased with the introduction of Tea Plantation (since 1873) and 

with the construction of Darjiling - Himalayan railway line ( 1876) 

(Photo 7.la & b, 7.2a & b) and the construction of the Hill Cart Rd. 

which ushered a new era of urban growth. Upto the first half of the 

present century, there were certain regulations for the 

commercialisation of the hill slopes, however in particular since 

and after independence there was a virtual urban explosion. Today 

Darjiling offers one of the densest urban-centre in a comparable 

environment, as man is constructing houses on the most vulnerable 

slope ( upto 40-45°) even just an landslips. As a result Darjiling 

reaches just on the verge of an environmental catastrophy with just 

-1 one concentrated shower of 50 rnrn/h would lead to numerous slips 

and associated menance. (Fig.4.1 and Table 4.1). 

It is just not an environmental accident, but it took decades 

to reach such a situation. The gee-environmental impact of this 

unplanned urban growth should be studied in more detail, with proper 

historical background (Fig.7.1). The effects essentially consists of 

the removal of the natural vegetation, restriction of natural 

drainage and acclerated input and output of water into and from the 

urban areas, altering the original topography, hydrography and 

hydrology, resulting in a profound disturbance of the ecosystem . 

These effects have been discussed in four separate stages. 

(Fig.7.2). 

Stage I In this stage (approximately 1850-1900) land was 

predominantly covered by the natural forest and bushes and the 

building activities generally were in equilibrium with the 
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geomorphological forces. At the beginning of this stage , the 

pre-urban landscape was dominated probably by a tiny hamlet (near 

the present Mall) surrounded by natural vegetation along the ridges 

and steep spurs. (Fig. 7. 2) (Photo 7. 3). Increasing constructional 

activities results in the removal of trees and other vegetation and 

these scattered houses were equipped with only limited water and 

sewage facilities. The effect of this stage was mainly a decrease in 

evapo-transpiration resulting from the clearing of vegetation and an 

increase in storm flows and soil erosion. These effects got a 

momentum towards the end of this stage, with the introduction of tea 

plantation in and around Darjiling Town. 

Stage II ; This stage(approximately 1900-1950) was characterised by 

its massive constructional activities. The initial construction 

sites were most carefully chos en by the then Indo-British 

Architects mainly along the ridges (Katapahar, Jalapahar, the Mall , 

Birch Hill and Lebong) perhaps, gee-environmentally the most stable 

site in Darjiling Town (Fig.7.2) Photo 7.4a & b, 7.Sa & b, 7.6a & b . 

However, 

climatic 

these constructional areas 

influences characterised 

were increasingly . exposed to 

by heavy monsoonal downpour 

whereas measures taken to lessen the erosion manifest themselves 

only partially. Along with these a good number of roads including 

Hill Cart Rd., Lebong Cart Rd., Old Military Rd. and a number of 

approach roads were constructed. The construction of urban 

structures were also extended towards the eastern spur of the ridge . 

(Photo 7.4b & 4.10). All these constructional work involves a 

considerable modification and alteration of the existing 

geomorphology of the town i.e. road cutting, cuttings for the 

constructional sites and for building materials etc . Geomorpho-



7.4{a) (1871). 

Changes in land use along the eastern spur of the 

Birch Hil~-Jalapahar-Katapahar ridge. 

7.4{b) (1993). 
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7.5(a) In 1874 

The Mall 

7.5(b) In 1993. 



The Bazer 

7.6(b) In 1993. 
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logically and environmentally, the most damages caused in this stage 

was through bulldozing and cutting, removal of the top soil, 

combined with the building up of houses, the paving of streets, and 

the construction of culverts (Photo 4.8). The immediate effects are 

increased erosion on the construction site and aggradation 

downstream. Many first order streams were eliminated by reshaping 

the terrain; the area of paved surfaces increased, whereas any new 

system of drainage had not yet been wholly constructed. The most 

unfortunate result in this stage was the decrease of infiltration 

and evidently an increased danger of landslips carrying considerable 

amounts of silts, and clogging the culverts. Possibly these efects 

were culminated in the first recorded landslip disaster in 1899 in 

and around Darjiling Town (Fig.4.2). 

Stage III : In this stage ~pproximately 1950 onwards) the impact of 

urban development was characterised by a new topography to be 

precise a new geomorphology. Surfaces were either paved or else 

built-up making them essentially impervious with the water being led 

away by sewers, gutters or culverts. Even in the case of lawns and 

gardens, the new vegetation prevents exposure of the bare soil. This 

was the stage where the urban growth of Darjiling town reached a 

virtual climax i.e. almost all negotiable slopes (20.30°) were 

utilised for various urban uses (Fig. 7. 2) . The run-off discharged 

into streams 

Victoria Falls, 

exist~d other 

outside the town i.e. Kagjhora, Hospital Jhora, 

Kotwali Jhora etc. where no other run-off channels 

than the artificial drainage system or modified 

natural streams. During this period, Darjiling experienced a series 

of natural menace particularly landslips and heavy soil erosion i.e. 

during 1950 (Table 4.2 & Fig.4.2). However, there were certainly 
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some sort of harmony that existed between nature and the urban 

growth up till this stage, as large parts of Darjiling Municipality 

were still under natural forest cover. Old documents reveal that in 

1950-51, only 41% of the Darjiling Municipality were paved, leaving 

more than half of the area unpaved, where normal geomorphic 

processes could operate, vast tracts in and around Jalapahar, 

Katapahar, and Birch Hill acted as a buffer zone and most probably 

for this reason this urban centre was not threathened atleast 

gee-environmentally (Photo 7.7). 

Stage IV : This stage (approximately 1980 onwards) forms the most 

unfortunate stage for Darjiling town because of the rapid increase 

in population during the last 3/4 decades (Fig.7.1 & 7.3 & Table 7.1 

& 7. 2). (Photo 4.16) and unscienific and unplanned usage of land 

mostly for residential and commercial purpose that has led to the 

establishment of a vicious cycle of urban degradation. These 

constructions were mostly done, violating the normal norms of the 

Municipality, (Photo 7. 8, 7. 9 & 7 .10) without proper drainage and 

other necessary safety and protective measures against slope-wash 

and land-slips. Moreover, the construction work during this stage 

were conducted mainly along the most vulnerable and unsafe slope 

such as Toonsoong, Manpari busty, Alubari busty sometimes even on 

the natural or artificial water ways such as the Victoria Falls, 

Kagjhora, Hospital Jhora etc. either diverting or narrowing them 

(Photo 6. 5 & 7 .11). Such constriction of natural ways also invited 

very unfortunate results. This nee-construction period, once again 

exposed the vulnerable sites to climatic influences particularly 

rainfall, where as measures taken to lessen the erosion manifest 

themselves partically nil. These effects often multiplied by the 
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Table 7.2 

Growth .of Population in Darjiling Town 
(Ward-wise) 

Ward Area inl Population in Persons Density in Persons/hecter 
No. sq Km 1971 1981 1991 1971 1981 1991 

1 0.342 1513 1761 1987 44.24 51.49 58.10 

2 0.673 1065 1404 2601 15.82 20.86 38.65 

3 1.346 2083 2373 3306 15.48 17.63 24.56 

4 0.495 1331 1668 2193 26.89 34.11 44.30 

5 1.129 2673 3536 5139 23.68 31.32 45.52 

6 0.495 2825 4339 5081 57.07 87.66 102.65 

7 0.572 1175 2164 3503 20.54 37.83 61.24 

8 0.158 1893 2705 3713 119.81 171.20 235.0 

9 0.360 2892 4203 5011 80.33 116.75 139.19 

10 0.069 1139 1322 1177 165.07 191.59 170.58 

11 0.093 651 1187 2295 70.0 127.63 246.77 

12 0.284 748 1813 3546 26.34 63.84 124.86 

13 0.106 1625 2353 2547 153.30 22I.98 240.28 

14 0.016 1462 1908 2471 913.75 1192.50 1544.38 

15 0.021 1460 1044 1008 695.24 497.14 480.0 

16 0.021 1129 1312 1353 537.62 624.76 644.29 

17 0.044 1643 1855 1793 373.41 421.59 407.5 

18 0.065 1561 1837 2440 240.15 282.62 375.38 

19 0.023 1109 1409 1082 482.17 612.61 470.43 

20 0.023 1055 2022 1816 458.70 879.13 789.57 

21 0.339 1901 1955 2264 56.08 57.67 66.78 

22 0.313 2154 3307 3052 68.82 105.65 97.51 

23 1.096 1439 2346 2408 13.13 21.41 21.97 

24 0.492 2301 2225 2851 46.77 45.22 57.95 

25 0.175 2351 2838 3733 134.34 162.17 213.31 

26 1.365 1695 2717 3109 12.42 19.90 22.78 

10.57 42,873 57,603 71,479 40.56 54.50 67.62 
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cutting of basal support along with deforestation and removal of top 

soil often invites devastating landslips, drying up of hill slope. 

This is particularly true in the case of Jalapahar which was once a 
a 

water-hill now show signs of severe desicction. Moreover, frequent 

recurrence of landslips during 1960's and 1980's prove it. At 

present the situation has reached such a stage that the urban centre 

can except a series of landslips even with a single rainstorm of 

moderate intensity of 20-30 rnrn/h-1 • Thus, the situation which was a 

rare phenomena a hundred years ago has now turned into a routine 

feature in Darjiling town and its environs (Fig.4.2, Table 4.1). 

Since 1985 a new stage of urban growth has become irnrnenent -

Stage v Urban Renewal; initiated mainly by the Darjiling 

Municipality and the Darjiling Gorkha Hill Council, with an aim to 

check and improve the environmental degradation. Although the 

process is yet to get its momentum, yet it will definately help to 

improve the quality of the urban environment. 

C. ANTHROPO-GEOMORPHOLOGICAL PROCESSES 

The rate of anthropo-geomorphological processes as they are 

influenced by human intervention is of importance for the evaluation 

of the impact of these processes on the urban environment of 

Darjiling town. However, the difficulty lies in determining the 

initial natural conditions and rates. Fortunately, in the present 

case there was an access to some documents of pre-urban and early-

urban stage of the town. The growth of Darjiling follows a sequences 

of various land-use activities such as forest clearing, grazing, 

tilling the land, tea plantation, quarring, roads and railways and 

urban construction. 



,J 

~ I 
I 

7.12(a} 

Debranching is a common practice of cutting down trees. 

7.1 2 (b) 

A bare slope \Ji th no veg e tation cove r b e comes 

prone to erosion and landslips . 
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1. Forest Clearing : 

It would be difficult if not impossible to estimate the actual 

extent of deforestation in and around Darjiling town since the 

initiation of urban activities. However, a series . of old documents 

provided by the Forest Department and the Darjiling Municipality 

offer a base line data for the reconstruction of pre-urban forest 

landscape of the study area. Fig.7.1 and 7.2 shows the gradual 

forest clearing/deforestation over decades in and around the urban 

center (Photo 7 .12a & b ) . In this context, it must be remembered 

that an extensive plantation of an exotic species 1 Dhupi 1 

( Cryptomeria Japonica) was also conducted simultaneously. Thus, it 

wouid be again very difficult to enumerate and apprehend the extent 

of actual impact of such deforestations and afforestation in this 

urban centre. However, this has a definate adverse impact on the 

Hydro-geomorphological equilibrium of the region concerned. Large 

scale heedless deforestation was also conducted to make room for the 

growth of tea gardens in and around the town, which makes the soil 

surface more vul erable to the rain-splash erosion. 

2. Tilling of Land : 

Agriculture on the Darjiling hill 

slope Varies from 20-35°, always seem to be 

agricultural terraces, coupled with the 

often culminate into devastating soil 

where the average 

a risk. Unscientific 

practices of root crops 

erosion and landslips 

(Photo 7.13). Sarkar (1991) in his study of soil erosion in 

Darjiling hills, found a very high rate of soil loss from arable 

terraced lands along the hill slope, particularly the land under 

maize, ginger, cardamon, potato and radish. 



*'-=··· 

7.13 

Unscientific terra c e culti va ti on ~a i n l y unde r 

root crops causes s o il e ro s ion. 

7. 14 

Ol d buildi ngs built by s t ones on ridge t ops . 

St. Joseph' s School v:ith the majes ti c I<unch e n junga a t 

the b a ckg r ound . 
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Although the total percentage of land under crop culture in 
out 

Darjiling urban centre remains very low through~the different urban 

stages. It was approximately 4.2% in 1900, 2.1% in 1950 and about 

0.5% in 1990, yet this has sometimes caused environmental _ 

degradation. During the field study, the investigator has recorded a 

number of landslips around Rajbari, Alubari, caused by root-crop 

cultivation, practised on such inscientific terraced field . 

3. Quarrying : 

Topographically, Darjiling is situated in a hostile 

environment, which prevented the builders (particularly at the early 

stage) to collect the building stones and materials from a distant 

place. The constructional work at the early developed urban stage 

were mainly done by stone. As one can find most of the old building 

structures are made up of granite and gneissic slabs, such as the 

Darj iling Municipal building or the Capital, Raj Bhawan , Burdwan 

Maharaja's Palace, Old building of Loreto College, St. Paul's 

School, St. Joseph's School, (Photo 7.14) Loreto Convent , Mt . 

Everest Hotel, Ajit Manson etc. Two such major quarries are 

identified, one at Jalapahar and the other near Batasia loop. 

(Photo 2 . 5 & 2 . 6 ) • However, since and after independence due to 

the scarcity of such stones,construction work were mainly done with 

man-made bricks. Based on the priliminary survey of various 

construction work, it has been estimated that at least 150 m. tons 

of building materials, such as sand, gravel and stone slabs have so 

far been excavated and re-deposited in different parts of the town . 

4. Tea Plantation : 

It is true that the prosperity and fame of Darjiling is mainly 
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due to its world famous Tea Piantation. Although, Darjiling 

Municipality does not have any tea garden, but some of the tea 

gardens like the Happy Valley, Arya, Bloomfield, Alubari, 

Toongsoong, Pandam, Ging, Bannockburn, Ran~ it, Tukvar, Phoob 

Tshering etc. have their common boundary with the Darjiling 

Municipal Corporation (Fig.7.2). Thus, the anthropo-geomorphic 

impact of these tea gardens have also been felt on this urban 

centre. These tea gardens of today seems to be a part of natural 

forest ecosystem. It has been well understood that the severest 

anthropo-geomorphic impact was felt during it inception when large 

scale heedless deforestation was practised for preparing the land 

for plantation. (Photo 7 . 15a). Introduction and manifestation of 

tea garden has had a passive impact on the urbanisation of Darjiling 

as large scale influx of population was evidient since the early 

date, as garden labours and other service attendents. Tea plantation 

has also modified the local topography and drainage considerably. 

Creation of terraces all along the hill slopes certainly modified 

the local micro-relief in such a way that it often disturbed the 

delicate hill slope hydro-geomorphic processes. These changes often 

invites acclerated soil loss. Sarkar (1991) has estimated a 3 to 4 

fold increase in the rate of average soil loss by water from the 

are~ under tea plantation than that of the natural covered slopes. 

Another important anthropogenic impact on the tea garden 

geomorphology is caused by innumerable foot- paths used by garden 

workers for various purposes. These along with a number of cart 

roads often act as gully during the monsoonal heavy downpour 

(Photo 7. 16). It has been found that a single rainstorm of 240 mm I 

48 hrs. with a maximum intensity of 45 mm/h -l has transformed a 
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foot-path of 0. 95 m. wide into a gully of 11 em. deep near the 

coolie lines of Pandam tea garden, which is only 3. 5 km. from the 

Mall, Darjiling. It has been estimated that about 2-4% of the total 

garden area is devoted to roads and these often act as the most 

susceptible zone for further degradational processes . The human 

impact has also been felt near the major coolie lines in almost all 

the tea gardens, where the workers often practise arable farming 

particularly hoticultural activities near their residential colony. 

This particular culture is generally practised without proper 

protective measures, which has often induced a different hydro

geomorphic condition. This often culminates into a series of slope 

failure phenomena such as in the Happy Valley, Toongsoong, Alubari , 

Tukvar, Bloomfield, Bannockburn tea gardens around the town. 

5. Roads and Railways : 

It is difficult to make even a rough estimate of the impact of 

roads and railway construction, at least for the early period in 

Darjiling. The rate of erosion induced by 1 km. of a new constructed 

road is estimated to be 450-500 ton/y~1 • (Collien, 1972). But it has 

been assumed a many times more in the case of a hilly terrain like 

oarjiling. One estimate shows the rate of soil loss of 3,500 ton/y-l 

from 1 km. road under construction near Ramman Khola during 1980-82. 

The total length of all types of roads including stepped path within 

the municipal area is around 64 km. (Census record 1991), while the 

total length of the paved road is approximately 19 km. (Census 

record 1991). 

It has been found that in the stepped road a much less amount 

of soil erosion (sometimes as low as only 10%) than that of the 
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slopped road. This may be due to the break of slope which allows a 

break in gaining momentum forces and thereby decreases the erosive 

power of running water. Fortunately, this hilly urban centre has a 

good number of stepped roads which may be as much as 10% of the 

total road including footpaths. 

It should be also mentioned that the metalled roads are more 

stable than the unmetalled roads. A study near Jalapahar along a 

stretch of 150 m. metalled and 950 m. unmetalled road shows that the 

latter yielded, more easily than the former, and a single rainstrom 

of 163 mm/4 hrs. shows at least 4 times more soil loss from 

unmetalled road than that of the metalled road. (Reported by the 

G.S.I. officials). 

Roads along the spur and valley side slopes should contain 

proper drainage to provide an easy passage for strom water, so as to 

prevent erosion and incidences of landslip . As all the roads in 

Darjiling town are required to follow the contour lines, they are 

mostly serpentile and sloping in nature. Most of these roads were 

build by the Bri tishers such as the Hill Cart Rd. I Jalapahar Rd. 1 

Tenzing Norgay Rd., Lebong Cart Rd., Lebong Circular Rd. etc. but 

due to lack of maintenance in time, the conditions of these roads 

remain almost always bad. 

Since and after independence with the expansion of urban 

centre, more and more roads were constructed, even under the most 

unfavourable terrain situation and mostly without proper drainage 

such as in the Bazar area, Kagjhora, Chadmari1 Toongsoong, 

Lochangar, Butcher busty etc. (Fig.7.2). These have induced a lot of 

menance like landslips. It has been estimated that out of 850 cases 
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of landslips during t he last 40 years, ( 1950-90) about 40 % have 

occured along the roadsides. 

Lack of Master Plan of landuse plan on one hand and rapid 

urbanisation on the other hand the Cart Rd. (i.e. Lebong Cart Rd ., 

Bazar Cart Rd. and Hill Cart Rd . specially within the Municipa l 

area) have become a constant source of nuisance due to frequen t 

traffic jams. One of the most vital bottleneck being the stretch o f 

Jorebunglow, where the width of the road is very narrow and on top 

of that there runs a railway tract , there is no scope to broaden t he 

road. Another traffic jam is in Kagjhora, just above Rock Wood. Here 

also there is no scope to expand the road. A second reason for the 

traffic jam is the mushroom growth of motor vehicle repai r &pops 

along the Hill Cart Rd. All these repair shops lack their own space 

and the vehicles to be repaired are usually parked along the 

roadside. 

6. Ur ban Constructions : 

The stages of urban construction has been discussed already 

and shown in (Fig. 7. 2) • Let us examin the rate and magnitude o f 

urban construction over the decades and its impact on t he 

environment. (Photo 7. 17) . 

In 1900, during the early stage of this Urban Cent re , total 

area under construction was only about 7. 5% of the total Municipa l 

area (based on the documents of major Public and Private building 

sites, collected from the various sources). In 1950 , the total a r e a 

under construction was about 39 % and in 1990 it was f urther 

increased upto a limit of 52 % of the area of Darjiling Municipality. 
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This is expected to increase further and a projection estimates upto 

65% by the end of this century (Table 7.1 and Fig.7.1). 

D. QUANTITATIVE ASSESSMENT OF ANTHROPQ-GEOMORPHIC PROCESSES 

The U.S. Department of Interior ( 1971) has used the rate of 

population growth as a measure of the rate and magnitude of non

agricultural development and construction activity. As a parameter 

this factor would seem some what crude and inadequate, since it 

expresses neither the economic capacity of the population and its 

technological competence nor the level of education and an implied 

perception of responsibility towards our environment. To over come 

this problem, Nir (1983) had proposed a qualitative, and then a 

quantitative measures of the impact of the processes, to develop an 

"equation of potential anthropo-geomorphology", based on two main 

elements viz. the "Degree of Development" representing man's 

intervention, and the "Degree of Perception", representing the 

extent of combating the erosion caused by that intervention. 

1. Degree of Development (D.D) : 

The degree of development is an important parameter in 

assessing the impact of anthropo-geomorphic process (A.G.P.). The 

rate of these processes are correlated with the degree of 

development (D.D) such as in the areas like the virgin forests, the 

A.G.P is supposed to be non-existant while it is just the opposite 

in the case of urban society where, the A.G.P. is supposed to be 

disastrous. 
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2. Degree of Perception (D.P.) : 

The degree of perception defined as the extent of combating 

the degradation i.e. the rate of A. G. P. Such as ploughing on the 

hill slopes carefully are followed by terracing of fields and then 

by soil conservation and administrative protection and there by a 

degree of perception (D.P.) will develop along with the degree of 

development. 

Thus, there has to be some sort of relation between the 0. 0 . 

and the D.P. which has been used by Nir ( 1983) to evaluate the 

A.G.P. Three possible types of interaction have been suggested 

between the o.o. and the D.P. i) when the D.O. is higher than the 

D.P. then the A.G.P. rates are high resulting in the need for severe 

to moderate conservation measure ii) when both the quantities (i.e . 

the D.P. and the D. D. ) have an equal impact, then there exists a 

certain equilibrium, and the need for corrective measure is 

negligible iii) Finally, a low A.G.P. results when the o.o. is lower 

than the D.P. 

3. Man's Impact on the A.G.P. of the Town : 

Nir (1983) proposed a simple method to try and replace the 

quantitative notion of development (D.O.) and perception (D.P.) by 

measurable, quantitative entities. The degree of development has 

been expressed by the percentage of urban population and the degree 

of perception (D.P.) has been expressed by the percentage of 

illiteracy. While, the rate of A.G.P. has been estimated as the 

average value of the percentage of urban population (U.P.) and the 

percentage of illiteracy u.r. i.e. 



u.P. + u.I. 
2 

.......... 7 .1 
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However, it seems unrealistic to consider the percentage of 

urban population (U.P.) as the representative controlling parameter 

for the estimation of the degree of development, at least for the 

developing countries like India. As a large section of most of the 

Indian towns live below the poverty line and these urban dwellers 

are often deprived from the basic fruits of development. But, 

instead it would be more realistic to consider the socio-economic 

aspects of different urban sector. As such the present investigator 

has used the percentage of urban population that enjoys the urban 

amenities (U.A.) as a controlling parameter to assess the D.D. of 

the study area. The D.P. however, can be used successfully in the 

present study 1 because it is basically education 1 that brings a 

necessary condition for forming a public degree of perception. To 

check on the validity of the implied correlation between the two 

chosen parameters i.e. the percentage of illiteracy vs. the 

percentage of urban population enjoying urban amenities has been 

set for the 26 wards of Darjiling municipality (Table 7. 3). The 

study indicates a negative correlation, with most of the variables 

lying closer to the best fit line, thereby, sustains the correctness 

of our choice of the two variables (Fig.7.4). 

4. Quantitative Assessment of Potential Anthropo-geomorphology 

(P.A.G.) 

The rate of A.G.P. as expressed above, represents man's impact 

only in these processes. To include the relevent physical parameters 



Ward 
No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Table 7.3 

Ward-wise Illiteracy and Population Enjoying 
Urban Amenities in Darjiling Town 
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Total Illiterate Persons Pop. enjoying Urban 
Population Amenities 

Number Percentage Number Percentage 

1987 450 22.65 1699 85.57 

2601 805 30.95 1814 69.74 

3306 968 29.28 2258 68.30 

2193 1063 48.47 1345 61.33 

5139 995 19.36 4381 85.25 

5081 2456 48.34 4199 82.64 

3503 822 23.47 2724 77.76 

3713 638 17.18 2842 76.54 

5011 1777 35 . 46 2873 57.33 

117 7 215 18.27 963 81.80 

2295 1076 46.89 1383 60.26 

3546 1102 31.08 2844 80.20 

2547 1112 43.66 1915 75.19 

2471 573 23.19 1744 70 . 58 

1008 212 21.03 861 85.40 

1353 599 44.27 1050 77.61 

1793 988 55.10 1382 77.08 

2440 537 22.01 1622 66.48 

1082 286 26.43 690 63.77 

1816 366 20.15 1477 81.33 

2264 470 20.76 1987 87.77 

3052 611 20.02 2111 69.17 

2408 905 37.58 1441 59.84 

2851 407 14.28 2392 83.90 

3733 956 25.61 2775 74.34 

3109 987 31.75 2696 86.72 

I: 714 79 L: 21374 29.91 r: 53468 74.80 



CORRELATION BETWEEN THE PERCENTAGE OF ILLITERACY(Y) AND THE PERCENTAGE 
OF URBAN POPULATION ENJOYING URBAN AMENITIES (X) FOR 26 WARDS OF DARJILING 
MUNICIPALITY (1991) 
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as well Nir, ( 1983) proposed one equation in which he tends to 

integrate both the human as well as the physical factors, which he 

terms as : Index of Potential Anthropo-Geomorphology. (I) 

I= U.A. + U.I. X 
2 

1 
100 

(Kc + Kr) .••••.•... 7.2 

where U.A. = urban population enjoying urban amenities 

u.r. = urban illiteracy; Kc = constant for climatic erosivity; 

Kr = constant due to relief conditions. 

Nir ( 1983) also proposed the numerical values for these two 

constant. His study was very broad and generalised which cannot be 

applied in the present case. The investigator has proposed athorough 

modifications of the numerical rating values for the two physical 

parameters i.e. Kc. and Kr. based on the observations made by Sarkar 

( 1983 and '91). The Kc. values have been obtained from the R of 

FAO/UNEP (1978) modified by Sarkar (1989) based on a rating 

table 7. 4 while the quantitative estimation of Kr. have been made 

from the L.S. factor of u.s.L.E. (1969) based on a rating 

(table 7.5). 

Table 7.4 

Rating Table for the Estimation of KC 

'12.. 2 
Rain Erosivity R = E: Pr /P 

1 lOrnrn 

>350 

300-350 

250-300 

200-250 

150-200 

Rating Value 

0.8 

0 . 7 

0.6 

0 .5 

0.4 



Table 7.5 

Rating Table for the Estimation of Kr 

Topographic Erosivity 

L. s == IT ( 0 .136+0. 00978+0. 0139s2 ) J10o 

>100 

80 - 100 

60 - 80 

40 - 60 

20 - 40 

( 20 

Rating Value 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 
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Among the climatic parameters, perhaps it is the rainfall 

intensity, duration, and amount that plays a crucial role in the 

degradation of land. Sarkar (1989) had also selected the same 

rainfall parameter to study the climatic erosivity of soil loss in 

the Darjiling Himalaya. Similarly, among the topographic factor the 

slope and the length of the dominant slope are the controlling 

parameter. These two are perhaps the most common and unequivocal 

parameters for the estimation of topographic erosivity. 

E. RESULTS AND DISCUSSIONS 

The index obtained by multiplication of the two factors will 

usually have a value between 0 and 1. The following Table 7.6 

contains values for 26 wards of Darjiling municipality for the year 

1991. 

The distribution of the values of I among the various wards of 



193 

Table 7.6 

The Index Values of Potentical Anthropo-Geomorphology 
( I ) of Darjiling Municipality (1991). 

Ward Percentage Percentage u.P. + u.r.. Kc Kr I 
No. of Urban of illite- 2 

Pop. enjoy- rate people 
ing basic to total 
Urban arne- Pop. u .I./ 
nities U.A/ D.P. 
o.o 

1 85.5 22.65 54.08 0.8 0.7 0.81 
2 69.7 30.95 50.33 0.6 0.4 0.50 
3 68.3 29.28 48.79 -0.6 -0.2= 0.39 
4 61.3 48.47 54.89 0.6 -0.4 0.55 
5 85.2 19.36 52.28 0.6 -0.5 0.58 
6 82.6 48.34 65.47 0.6 -0.5 0.72 
7 77.8 23.47 50.64 0.7 0.8 0.76 
8 76.5 17.18 46 . 84 0.7 0.6 0.61 
9 57.3 35.46 46.38 0.8 0.8 0.74 

10 81.8 18.27 50.04 0.7 0.5 0.60 
11 60.3 46.89 53.60 0.6 0.7 0.70 
12 80.2 31.08 55.64 0.6 0.7 0.72 
13 75.2 43.66 59.43 0.6 0.6 0.71 
14 70.6 23.19 46.90 0.7 0.6 0.61 
15 85.4 21.03 53.22 0.7 0.5 0.64 
16 77.6 44.27 60.94 0.7 0.3 0.61 
17 77.1 55.10 66.10 0.7 0.5 0.79 
18 66.5 22.01 44.26 0.6 0.6 0.53 
19 63.8 26.43 45.12 0.7 0.3 0.45 
20 81.3 20.15 50.73 0.6 0.3 0.46 
21 87.8 20.76 54.28 0.6 0.3 0.49 
22 69.2 20.02 44.61 0.6 0.6 0.54 
23 59.8 37.58 48.69 0.7 0.7 0.68 
24 83.9 14.28 49.09 0.7 0.6 0.64 
25 74.3 25.61 49.96 0.7 0.7 0.70 
26 86.7 31.75 59.23 0.7 0.5 0.71 

Note Kc. Obtained from the amount and intensity of precipitation 
(R. factor) based on parametric rating table. 

Kr. Obtained from slope length gradient based on parametric 
rating value. 

(I) Index for P.A.G = UP;UI x l~O (Kc+Kr). 
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Darjiling Municipality have been statistically , represented in 

Table 7.7 and Fig.7.5 

Table 7.7 

Distribution of the values of *P.A.G. in Darjiling Municipality 

(Ward-wise) for 1991 

Range of I No. of Wards 

0.3-0.4 1 

0.4-0.5 3 

0.5-0.6 5 

0.6-0.7 7 

0.7-0.8 9 

0.8-0.9 1 

N=26 

*Potential Anthropic-Geomorphology (PAG) Index. 

% 

3.9 

11.5 

19.2 

26.9 

34.6 

3.9 

100.0 

However, to show the geographical distribution of Potential 

Anthropo-Geomorphology Index (I) (Fig.7.6) has been drawn based on 

Table 7. 6. From the analysis of Table 7. 6 and Fig. 7. 6 three broad 

categories can be identified in the sutdy area. 

Class I : Where the value of I is 0.7 to 0.9 have been identified in 

10 wards (No. 1 and 9 i.e. the Alubari, Toongsoong and Bhutia busty, 

No. 6. i.e .Nimki DaY a !b .M.aYy Villa No. 7. i.e. St. Paul's area and the 

upper Toongsoong; 11,12,13 i.e. the Kagjhora, Rajbari, Butcher busty 

and the Jail, No. 17 i.e. Hermitage, No. 23. i.e. the Singamari side 

and No. 26. i.e. the Lebong spur. This class has an extremely high 

Potential Anthropo-Geomorphology Index and the situation of the 

above mentioned wards are really grave and lie far beyond the 
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danger of man's 

due to adverse 

physical environments, low to very low degree of perceptions, 

haphazard and heedless alteration of gee-hydrological condition and 

an excessive addition and deli tion of landforms. Thus, the risk 

posed by man on the environment are extremely great and unless these 

problems are thoroughly tackled they may pose to be a great harm. 

Class II : This class with a value of 0.5 to 0.7 can be identified 

in 12 wards of the study area. They are No. 2 and 4 i.e. around the 

Batasia and the West Point, No. 5. i.e. the Dali or the Police line, 

No. 8 i.e. the Colington side, No. 10 i.e. the Nehru and Gandhi Rd . , 

Nos. 14,15 and 16 i.e. the Bazar including Judge bazar , Doranga 

bazar, Bazar Cart Rd., No. 18 i.e. the Botanical Garden and the 

Convent side, No. 22 i.e. Carmichal, No. 24 i.e. Raj Bhawan and 

Birch Hill and No. 25 i.e. Lebong Cart Rd. These tracts depict a 

relatively high danger of man's adverse geomorphological activities. 

Low to moderate degree of perception coupled with adverse climatic 

and topographic limitations make the region vulnerable and needs an 

immediate conservation measures. 

Class III Where the P.A.G. Index or I is 0.3 to 0.5 have been 

identified in four wards. They are No. 3 i.e. near Ghum, Nos. 19, 20 

and 21 i.e. the main Bazar or the heart of the town. These tracts 

depict comparatively less dangers i.e. only of man's adverse 

geomorphological activities. The former one i.e. Ward No. 3 is 

probably due to favourable topographic set-up and better degree of 

perception. While the latter one is mainly due to favourable 

topographic situation. The. P.A.G. index of these wards is still 
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below the critical value (0.5 according to Nir, 1983) which reveals 

no immediate danger. 

F. CONCLUSIONS 

The growth of Darjiling town as a premier recreational 

administrative centre, modifies the original landscape in three 

ways ( i) by removing the original elements from the relief, 

(ii) by building ramps and surfaces above the original relief, 

(iii) by reclaiming new areas for building purposes. Extensive use 

of building materials and water supplies both from local & imported 

sources, obliteration of many first order streams and creation of 

new drainage system, paving of surfaces, heedles deforestation, etc. 

cause a dramatic change in hydro-geomorphological equilibrium of the 

local environment. Moreover a meteoric growth in population and an 

enormous increase in dwellings exerts a tremendous pressure on the 

fragile hill - ecosystem in and around Darjiling town. 

The study reveals that about 86.56 % of the total area of 

Darjiling Municipality has already crossed the critical value (0.5) 

of Potential Anthropo-Geomorphological index ( P .A.G.) keeping only 

15.44% under the category of acceptable danger limit. 38.5% of the 

total area depict a limit of P.A.G. which can only be designated as 

extremely high ( > 0. 7) . If the spatial distribution is taken into 

consideration, then most of the eastern, north-western, west-central 

and the central parts of the town are found to be affected by 

anthropo-geomorphic activities. Thus, immediate measures should be 

taken to avoid a major catastrophy and to save the "Queen of Hill 

Stations" from further devastation. 
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