
The Third Citizens’ Report on the State of India’s Environment was first published in 1991.

“CSE has revised its strategy for the publication of these reports...not one comprehensive report, but a series of
reports on single issues.” — CSE Annual Report, 1991.

So this Report takes up a little known fact: the impact of environmental degradation on floods 
in densely populated Assam and the Indo-Gangetic Plains.

So this Report takes on a very big myth: that floods in the plains are caused by deforestation in the
Himalaya.

“An Indian environmentalist has touched off a furious debate by challenging the conventional view that 
deforestation in the Himalayan foothills is a primary cause of devastating seasonal floods.” 
— The New York Times, New York.

So this Report argues: The Himalaya is the youngest mountain chain in the world, prone to erosion. 
The Himalaya erodes at the rate of 1 mm, but rises by 7 mm, annually. Slopes become sharper. Ergo,
landslides. Planting trees can best delay erosion.

“S N Sinha’s breathtaking photograph of the landslide that blocked the Bhagirathi showed a densely forested
hillside had come tumbling down. Was it the fragile Himalayan geology or deforestation that was the main 
trouble? Some of us at least had begun to wonder.” — Sumi Krishna, The Hindustan Times, New Delhi.

“The Third Citizens’ Report has attracted some decidedly hostile reviews. But the criticisms are distur bing 
more for what they reveal about the health of the Indian environmental movement than for the considered
analysis put forward by the authors of the report.” — Jayanta Bandopadhyaya, Himal, Kathmandu.

“The CSE is by no means content to debunk an environmental myth but seeks to extend its analysis to what
alternative measures may be responsible for floods.” — The Times of India, New Delhi.

We must abandon the illusion that floods can actually be eliminated. 
Embankments, and politicians, aggravate floods.

“It is well that Mr Anil Agarwal of the Centre for Science and Environment has reopened the debate on how
best to cope with floods.” — Patriot, New Delhi.

Throughout history, on the contrary, floods have been made use of to irrigate and fertilise fields in a
perfectly sustainable manner.

Can we think of natural drainage systems, or other non-engineering responses to floods?
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❐ The deep gorges of Himalayan rivers seem sufficient to transport excess rainwater. Surprisingly, this
is not true. Floods have been taking place in the Himalayan mountains since time immemorial.

❐ Landslides often block Himalayan rivers. When these landslide dams burst, they cause a flood pulse
which triggers off more landslides.

❐ In 1893, a landslide blocked the Birahiganga in the Uttar Pradesh Himalaya to form a 350 m-high
dam creating the vast Gohana Tal. When a part of the dam toppled 10 months later, the level of the
Alaknanda rose by 50 m and washed away the town of Srinagar.

❐ During a normal year, some 0.5 mm to five mm of soil depth gets washed away in the Darjeeling
Himalaya. During a year of catastrophic floods, such as in 1968, some 20 mm deep soil can get 
eroded. Hardly any mountain range in the world experiences such high erosion rates.

❐ Cyclonic storms in Darjeeling and Sikkim can bring 310 mm to 1,800 mm of rainfall in a day.
Cloudbursts exceeding 1,000 mm a day can trigger massive landslides in practically any geological
circumstance. 

❐ The Teesta flowing through the Sikkim and Darjeeling mountains is possibly the wildest river in the
Himalaya. After the destructive floods of 1987, the Teesta, which used to flow into the Ganga
changed course and started flowing into the Brahmaputra.
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Havoc in the
Himalaya

Table 12
Average channel gradients of Himalayan rivers in the Ganga watershed

River/Tributary Mean channel gradient
(m/km)

ALAKNANDA 48
Dhauliganga 75
Nandakini 67
Mandakini 66

BHAGIRATHI 42
Bhilangana 52

Source:  20

Table 13
Altitudinal zones of the Ganga watershed in Garhwal

Altitudinal zone % of total area

Less than 1200 m 11

1200 to 2000 m 24.1

2000 to 24000 m 9.5

2400 to 3600 m 16.6

Above 3600 m 38.8

Total area (mha) 2.14

Source:  20
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The Himalayan mountains constitute an ecological sys-
tem naturally primed for disaster. The deep gorges
through which the Himalayan rivers flow convey the

impression that the Himalayan valleys would never face
floods. Yet these very channels often fail to contain the fury
of disastrous floods. Among the most affected valleys are the
Alaknanda and Bhagirathi valleys of the Garhwal Himalaya
and the Teesta valley of the eastern Himalaya.

The Himalaya, the youngest mountain range in the world,
is one of the most erosion-prone ranges. The brutal rainstorms
which lash these mountains, together with some of the world’s
worst earthquakes give the Himalaya an ecological setting
extremely susceptible to natural disasters and floods.

FLOODS IN GARHWAL

Both the Bhagirathi and the Alaknanda — the two major cen-
tral Himalayan rivers which join to form the Ganga — have
faced major floods. Both emerge from the snow-clad
Chaukhamba range which consists of enormous glaciers and
snow fields. Bhagirathi rises at Gangotri on the north-west-
ern face of Chaukhamba, whereas Alaknanda emerges from
the Satopanth glacier at Alkapuri on the south-eastern side of
the range, a few kilometres above the famous Hindu temple
town of Badrinath20.

An analysis of rainfall data in the Garhwal-Kumaon
Himalaya shows that the average annual rainfall at different
sites is about 1,000 mm to 2,500 mm of which 50 to 80 per
cent comes down during the monsoon; occasionally very

heavy rains can be expected. Once every 100 years, 200 mm
to 500 mm of rain can be expected in one day. The probable
maximum precipitation in a day in estimated to be 500 mm
to 700 mm. In September 1880, a rainstorm recorded 820
mm in one day and 1,040 mm over two-days at its centre in
Bijnor district. This is considered to be one of the severest of
the world for a two-day duration. Similarly, in September
1924, 770 mm of rainfall took place over three days.

There are two zones of maximum rainfall in the central
Himalaya — one near the foot of the mountains and another
at an elevation between 2,000 m to 2,400 m. At elevations
beyond 2,400 m, rainfall decreases sharply21. Rainfall is
scanty above 3,500 m although occasional cloudbursts take
place.

Till they enter the lesser Himalaya, Bhagirathi and
Alaknanda pass through very deep gorges with steep gradi-
ents and sharp bends and meet even steeper tributaries. The
westward flowing tributaries which meet the Alaknanda’s left
bank have the steepest gradients (see Table 12). Both valleys
are highly prone to landslides, especially when they face
high intensity rainstorms.

The natural absence of vegetation in the higher reaches of
the catchment areas, where the ground is made up of uncon-
solidated moraine, greatly helps in the formation of land-
slides. The downpour from cloudbursts digs into the soft
ground. Moreover, the rivers in spate wash away the toes of
the slopes and wherever the rivers take a sinuous course,
bank erosion is extensive20.

The resulting landslides block the rivers and when the
landslide dams burst, they cause a flood pulse down the 



valley triggering off further landslides. Floods in Himalayan
valleys are often associated with this phenomenon. The
movement of landslide material in tributary streams, choking
of channels and formation of temporary reservoirs is a 
continuous process in different parts of the catchment of
central Himalayan rivers. The tributary streams often bring
down enormous quantities of landslide materials into the
main rivers and block their channels20. Reckless road build-
ing and extensive deforestation during the 1960s and 1970s
have further added to the inherent instability of the region14.
The area has suffered massive deforestation since the last
century.

Floods in the Alaknanda

The Alaknanda drains a large catchment. The first major
stream it meets is the Dhauliganga, which comes down from
the Niti pass on the Tibet border. The first stretch of the
Alaknanda from Alkapuri to Vishnuprayag, where it meet the
Dhauli, is often called the Vishnuganga. Further down, the
river meets several medium and minor tributaries on its left
bank, namely, Patalganga, Karamnasa Nadi and Birahiganga.
At Nandprayag it meets the Nandakini, and at Karnaprayag,
the Pindar, which drains the western slopes of the Trishul.

The Mandakini, which rises in the Chaukhamba range
meets the Alaknanda on its right bank at Rudraprayag.
Finally, the Alaknanda meets the Bhagirathi at Devprayag
and becomes known thereafter as the Ganga. Numerous
landslides can be seen along the river and its tributaries. The
first major landslide, as one climbs up the valley, is the
Kaliasor landslide located around the 147 km post of the
Hardwar-Badrinath road. It is situated on a sharp bend on
the left bank in the Alaknanda.

In September 1969, a huge landslide took place some
three km upstream of the small market place of Kaliasor 
and blocked nearly three-fourth of the width of the river. 
The hillside is reported to have kept slipping for four days.
There was heavy rainfall during the week preceding the land-
slide with a flood in the river the day it occurred. Since 1969,
the slide has become a menace for traffic. Rocks and mud
now regularly move down the Kaliasor slope and 
massive efforts have to be made during the monsoon to keep
the road clear.

There were three major causes of the slides. First, there
was extensive toe cutting by the river at the point of the bend
in its course. A topographic map of 1920 shows a cliff jutting
into the river but its size had already been reduced to nearly
half prior to the slip. Second, the overlying rocks and soil
failed because the slope itself is very unstable due to the
closely jointed and highly sheared rock mass. The third fac-
tor was the heavy rain preceding the slide.

Further up the Alaknanda, the valleys of Nandakini,
Birahiganga, Garurganga, Sialgad, Belakuchi Nala, Helang
Nala, Karamnasa Nadi and Dhauliganga bristle with land-
slides. Some of these landslides are very old but they have
been reactivated in recent years because of their toes being
washed away by the rivers. The Reni slide on the
Dhauliganga basin formed a 40 m high landslide dam on the
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Natural dams in the Himalaya

Landslide dams usually get formed on major Himalayan rivers at their con-
fluence points with steep tributaries.

During a heavy downpour, even minor tributaries can bring enormous
amounts of rubble to block the flow of major rivers. A huge lake usually gets
formed behind the dam.

The landslide dam finally bursts to send a flood pulse down the river.
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Girthiganga in 1968. The hill slopes at Badrinath, near the
source of the river Alaknanda, have witnessed numerous
avalanches which have damaged houses in Badrinath in
1948, 1952 and 197522. Rock falls are also not uncommon.
In September 1968, a huge rock fell on a bus full of pilgrims
a few km before Joshimath. The passengers were killed
instantaneously23.

In several villages of the Alaknanda valley, landslides
affect an average of one ha to 1.5 ha of agricultural and 
forest land. And near villages like Chamoli, Pipalkoti,
Maithana, Pakhi and Helang, seven to 10 landslides can be
found per 100 ha of land24. The Border Roads Organisation
(BRO), which constructs and maintains major roads in the
Himalaya, has to repeatedly face problems caused by land-

slides. Engineer E V Narayanan of BRO claims that the
Himalayan mountains constitute “one of the most difficult
terrains in the world” to maintain roads.

Along the Joshimath-Malari road, Dhauliganga meets the
Girthiganga (also known as Rishiganga) near Reni village.
Some 250 m downstream of the bridge across Girthiganga, a
landslide blocked the river in February 1968. The rainwater
that had crept into the crevices froze because of the low tem-
perature. This expansion in its volume not only shattered the
rocky hillside, but the ice also acted as a lubricant for the slid-
ing rocks and mud. As a result a huge lake was formed above
the slide and the bridge on the Girthiganga was submerged.

According to Narayanan, BRO’s staff had to work round
the clock braving snow and blizzards to restore the 
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SILT LOAD: This picture taken at the confluence of the Alaknanda and Bhagirathi three months after the 1970 flood, shows the Alaknanda still bringing down
an enormous amount of silt as compared to the Bhagirathi. (Virendra Kumar)



bridge because of the importance of the road23. There are 
90 major and minor landslides on the Rishikesh-Badrinath 
and Joshimath-Malari roads that regularly give trouble to 
the BRO25.

Historical records reveal numerous landslide-generated
floods in the Alaknanda valley. Edwin Atkinson says in his
Himalayan Gazetteer, first published in 1982, that Srinagar
— then the only place in the Garhwal district approaching a
town — had to face floods several times. A palace had been
built by the Garhwal rajas long before the British came but a
huge flood (exact date unknown) swept away one-third of
the town. By 1803, the rajas ceased to live in Srinagar and
the town was in ruins.

Again, in 1968 and 1880, the town suffered greatly
because of sudden floods. In 1968, a landslide dam burst
and caused much damage along the valley. Two bridges 
were swept away and some 70 pilgrims sleeping on the 
river bank near Chamoli, nearly six m above the ordinary
flood level, were killed26.

In 1893, a landslide — the largest known in central
Himalaya — blocked the Birahiganga to form a colossal 
350 m-high dam. The lake behind the dam, now known as
Gohana Tal, was five km long and two km wide. Ten months
later, a part of the landslide dam toppled. The sudden surge
of water sent a tidal wave down the valley raising the level
of the Alaknanda by 50 m at Srinagar some 100 km away,
and the entire town was washed away. Hours later, when the
wave reached Hardwar, another 100 km away, the Ganga’s
level rose by nearly four m27.

1970 flood

The worst flood in recent history in the Akaknanda valley
took place in 1970. On the night of July 20, a cloudburst
took place on the Kuari Khal mountain divide at an altitude
of 3,700 m. It had been raining for days, but some 275 mm
of rainfall took place within a few hours that night. All
streams emerging from the mountain divide — Rishiganga
and Dhak Nala which drain into the Dhauliganga and
Patalganga, Karamnasa Nadi, Helang Nala, Garurganga and
Birahiganga which drain into the left bank of the Alaknanda
— went into spate. The streams joining the Alaknanda on its
right bank, however, were not affected, but the damage in
the catchment on the left bank was extensive.

A study carried out by the Indian National Science
Academy immediately after the 1970 floods found that 
the heavy rainfall on the night of July 20 had triggered off
numerous landslides. The slopes already saturated by 
prolonged rains collapsed under the impact of the final
cloudburst. These landslides blocked numerous streams and
when the landslide dams burst, a turbulent jet of turbid and
debris-charged water violently shifted course in the valley
and caused severe toe erosion. This created further insta bility
in the hanging slopes and induced huge landslides. The river
is reported to have risen by 30 m to 60 m above the normal
level at certain places28.
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Table 14
Land use in the Ganga watershed in Garhwal

Land use Bhagirathi Alaknanda Direct Ganga Total Ganga
watershed watershed watershed watershed

Area (%) Area (%) Area (%) Area (%)
(mha) (mha) (mha) (mha)

Cultivated land 0.12 16 0.15 13 0.08 33 0.35 17

Forest land 0.24 32 0.39 34 0.12 50 0.75 35

Blanks 0.13 17 0.13 11 0.04 17 0.30 14

Snow 0.26 35 0.42 37 - - 0.68 31

Rocky area - - 0.06 5 - - 0.06 3

Total land 0.75 100 1.15 100 0.24 100 2.14 100

Source:  43

Table 15
Status of erosion in the Ganga watershed in Garhwal

(by type of land use)

Land use Status of erosion

Area E 1 E 2 E 3 E 4
(mha) (%) (%) (%) (%)

Cultivated land 0.35 13 74 13 Neg

Forest land 0.75 33 40 27 Neg

Blanks 0.30 9 12 71 8

Snow 0.67 - - - -

Rocky areas 0.06 - - - -

Total 2.13 15 28 22 1

Source:  43

Notes: E 1 : Area in good condition.

E 2 : Area under satisfactory condition but needs treatment.

E 3 : Area susceptible to erosion and contributes the maximum silt load.

E 4 : Area completely destroyed and treatment is extremely difficult.

Table 16
Status of erosion in the Ganga watershed in Garhwal

(by type of land use)

Land use Status  of erosion

Area E 1 E 2 E 3 E 4
(mha) (%) (%) (%) (%)

Bhagirathi watershed 0.74 12 27 27 Neg

Alaknanda watershed 1.15 16 25 16 2

Direct Ganga watershed 0.24 21 45 33 1

Total Ganga watershed 2.13 15 28 21 1

Source:  43
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BLOCKED FLOW: The flow of the Alaknanda partially blocked by the rubble bought down by a petty tributary during the 1970 flood. (CBRI)

END OF THE ROAD: The Alaknanda washed away the road to Belakuchi in 1970. (PIB)



The 1968 landslide dam on the Rishiganga near Reni vil-
lage was toppled. The Dhak Nala deeply scoured its narrow
bed and the resulting toe cutting reactivated the prehistoric
Kuari pass landslide. A 300 m-stretch of the Joshimath-Malari
road near the Dhak Nala slumped by 40 m and the landslide
debris temporarily blocked the Dhauliganga with a 15 m to
20 m high dam.

The flow in the Karamnasa Nadi reactivated another pre-
historic slide which carried away a part of the road and
blocked Alaknanda even as inhabitants of several villages in
the vicinity of the Helang Nala prayed for their lives through-
out the night.

The Patalganga catchment was extensively ravaged and
huge boulders were dislodged from the bare, deforested
slopes. Most of the boulders came from Sankara Nadi, a
minor tributary. The silt and boulders which came down the
Patalganga formed a dam at its confluence with the
Alaknanda. When this burst, the debris created another on
the Alaknanda where the gorge is very narrow. This made the
water in the already swollen river rise rapidly.

Just below the dam, at Belakuchi village, a police consta-
ble noticing that the river had no water sensed danger and
immediately warned the people to run up the hill; this
included about 400 pilgrims en route to Badrinath waiting at
Belakuchi. The people were saved but the caravan of 30 odd

buses, trucks and taxis was swept away by the dam burst. The
old Belakuchi landslide was reactivated and as the hillside
slid down into the river, the village and the bridge of
Belakuchi were both swept away.

Further down, the flood pulse from Belakuchi met a flood
pulse from Birahiganga. The Gohana Tal on the Birahiganga
was still nearly 200 m deep, even after the landslide dam
which had made the lake had been partially washed away in
1894. The outlet was choked by rocks and trees and when it
gave way, a high flood washed away everything in its path29.
The swollen Birahiganga rose by 10 m to 12 m and washed
away numerous bridges, culverts and roads22. The Gohana
Tal received so much silt that night that it silted up.
Fortunately for the people of the valley, the lake did not
burst. But the two flood pulses of Birahiganga and Alaknanda
together eroded both sides of their banks almost right up to
Devprayag29.

The 1970 flood brought an estimated 9.1 mcum of silt
and rock into the Alaknanda, eroded largely from the catch-
ment of two petty streams, Patalganga and Garurganga14. The
Alaknanda turned gray for weeks and parts of Srinagar found
themselves buried under several feet of silt. Deposits of sed-
iments could be seen for years up to 50 m above the level of
the Alaknanda30. The silt was carried as far as 200 km down-
stream to Hardwar, where the Upper Ganga Canal, the irri-
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PARALYSED TRANSPORT: The Alaknanda brought down such large quantities of silt in 1970 that a bus found itself stuck in the silt left behind at Srinagar.
(N Thiagarajan/The Hindustan Times)



30 India’s Environment

DAVID AND GOLIATH: In August 1978 the Kanodia Gad, a petty stream, brought enormous debris into the Bhagirathi and blocked it for days with a 175 m-
wide wall — possibly the largest landslide known this century in the Ganga valley. The Kanodia Gad, the narrow stream on the left, can still be seen choked
with rubble when this picture was taken nine years later in 1987. (Amar Talwar/CSE)
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HUNG UP: Flood waters of the Alaknanda cut deep into the rocky mountainside leaving an army border post hanging in mid air. (PIB)

gation lifeline of western Uttar Pradesh, was choked with
stones, silt and mud for a stretch of 10 km. The canal had to
be closed down for a desilting operation that cost several
crores of rupees29.

For the people of the Alaknanda valley, the night of July
20 was a nightmare. Nobody living along the river then
thought they would see the next dawn. As landslide dams
broke, huge boulders were thrown far and wide. The roar
from the deep gorge was not only deafening, but the sparks
which rose when the huge boulders collided hitting each
other made local people claim that the river was on fire that
night. There was one fortunate result of this entire tragedy,
however. The ecological consciousness that resulted from
this flood gave birth, three years later, to the now world
famous Chipko movement to protect and conserve forests.

Floods in the Bhagirathi

In 1978, a major flood took place in the Bhagirathi valley.
This time a petty stream called the Kanodia Gad brought
enormous debris into the Bhagirathi and blocked it for days.
This landslide is one of the biggest to have taken place in this
century in central Himalaya. It is 3.75 km long and 1.4 km

wide and it has blocked the Bhagirathi by a 175 m-wide
wall. The origin of the Kanodia Gad lies in the pastures of the
13, 000 m-high Mulyata Danda mountain. To the north-east
of Kanodia Gad is the rocky area of Gairaridhar, which is
made of glacier moraine. Some 50-80 per cent of the area
was covered by oak forests. The local shepherds would take
their animals to this area for grazing from May to June.
According to them, the area had many cracks, fissures and
small slides. In the southern part of Kanodia Gad, there 
were heavily forested areas. The catchment, therefore, was 
geologically unstable but reasonably well covered by forests. 

The shepherds claimed that the 1978 slide began soon
after midnight on August 6. It was a massive slide — like a
river of flowing mud; about 400 ha of forests were destroyed
as trees snapped like toothpicks. The slide spread all the way
to Bhagirathi and blocked its flow for 14 hours forming a
lake 35 m high, 45 m wide and about three km long. The
dammed Bhagirathi then began to flow over bridges that
were usually tens of metres above the river level. The slide
was partially breached at 1900 hours on August 10 and
again on 0100 hours on August 11. Each time, a flood pulse
went down the valley. The second breach led to massive
floods and destruction. The town of Uttarkashi had a narrow
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SHED BURDEN: For years the phenomenal amount of silt brought down by the 1970 flood could be seen deposited above the Alaknanda river. The centre of
the picture also shows a washed away bridge. (Virendra Kumar)

escape. An abutment in the river swung the flood water to
the river bank on the other side of Uttarkashi.

The area around Gairaridhar became so unstable that
minor slides kept taking place for several days. Even after
August 11, the Kanodia Gad would get occasionally blocked
by falling rubble, and when these blockages would clear, the
waters of Kanodia God would come rushing down with fury
leading to a minor flood pulse. For days, the people in the
Bhagirathi valley trembled with fear31. Fortunately, the entire
landslide was never breached and even today constricts the
Bhagirathi’s passage.

FLOODS IN TEESTA

The Teesta, flowing through the Sikkim and Darjeeling hills,
is possibly the wildest river in the Himalaya with a valley
extremely prone to cloudbursts, landslides and flash floods.
Deep and dense gullies and streams, rapid toe erosion,
loose, jointed and fractured rocks, and extremely high-inten-
sity bursts of rainfall are characteristics of the area. The land-
scape of the valley is being continuously reworked by 
natural forces and most present day slopes have been formed
by earlier landslides32.

The Teesta has the highest sediment yield of all the
Himalayan rivers, bringing down approximately 98 cum of
silt per ha of its catchment per year14. This gives an annual
denudation rate of 9.8 mm per year, which is amongst the

There is no mountain range to protect the Teesta valley from the direct
impact of monsoon winds. The plains end abruptly at the Himalayan
foothills, which receive exceedingly high bursts of rainfall.



highest denudation rates estimated for any river valley in the
world. A scientist has estimated that the average denudation
rate for the Darjeeling Himalaya is of the order of 0.5 mm to
five mm during a normal year. But during a year of cata-
strophic floods such as 1968, the denudation rate for that
year can possibly go up to 20 mm33.

Explosive river

The explosive character of the Teesta valley can be attributed
more to intense rainstorms than earthquakes. Landslides are
common all over the valley. The area lies near Arunachal
Pradesh where some of the world’s worst earthquakes have
been recorded32. Mild local tremors are felt several times a
year even in the Teesta valley34. But most experts believe that
intense rainfall is the main trigger for landslides and heavy
erosion in the area.35,36

Monsoon rainfall is greater in eastern Himalaya than in
the western part33. But even within eastern Himalaya, it is
particularly intense in Sikkim and Darjeeling Himalaya,
which lie just above the alluvial plains of West Bengal. With
Rajmahal hills situated to the west and the Shillong plateau
to the east, there is no mountain range to protect the Teesta
valley from the sweeping monsoon winds rising in the Bay
of Bengal. The Jalpaiguri alluvial plains end abruptly as the

ground rises by 125 m or more30. A sudden rise of over
2,800 m of elevation takes place between Siliguri and
Darjeeling — a horizontal distance of barely 30 km37. The
summer monsoon, therefore, directly hits the foothills and
the lesser Himalayan ranges of Darjeeling just as it hits the
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RAINS OF TERROR

The two severest rainstorms in central Himalaya occurred in
September 1880 and September 1924. Widespread flash floods
and landslides accompanied both and part of Nainital was
washed away in 1880.

Some of the depressions which form in the Bay of Bengal late
in the monsoon travel westward, but after reaching east Rajasthan,
sometimes swing back in a north-eastenly direction towards the
Himalayan foothills. They sometimes pass near the Arabian Sea and
also draw moisture from it, shedding it in the Himalayan ranges,
causing heavy floods even after the middle of September. Such
rainstorms have occurred several times this century.

The 1880 rainstorm was of a two-day duration while that of
1924 was for three days. The former with its centre at Nagina is
considered to be one of the severest of its kind in the world.
Nagina in Bijnor district, located in the plains adjoining the
Garhwal-Kumaon mountains recorded 820 mm rainfall on
September 18, 1880. This has not been exceeded so far.

The 1924 rainstorm, with its centre 64 km east of Roorkee,
lasted over three days and was the severest on record to have
affected western Uttar Pradesh. A depression originated in the
Bay of Bengal on September 23, which finally dissipated between
September 28-30 in the Simla-Kumaon hills1. The Yamuna catch-
ment up to Tajewala received heavy rains during the first two
days. A peak discharge of 14,000 cumecs passed down the
Tajewala headworks on September 28, and 22 km upstream, the
Yamuna at Paonta rose by 13.1 m on the same day. Four days
later, on October 2, the water level rose by 0.94 m above the dan-
ger level at the Delhi railway bridge2. Hundreds of people and
thousands of heads of cattle were washed away in Dehra Dun,
Saharanpur, Ambala and Karnal districts. The mountainous por-
tion of the Ganga basin up to Hardwar also received 350 mm
rainfall in the three days of the storm3.

Table 17

Major cloudbursts in the Teesta valley

Date Equivalent daily 
rainfall rate (mm)

September 26-27, 1902 310

June 11-13, 1915 690

June 12, 1950 546

October 3-5, 1968 1044 (Padamchen)

October 5-6, 1968 465

August 5, 1969 1000 (Labha-Phaperkheti)

742 (Aligarh-Gorubathan)

May 17, 1972 4032

June 10, 1977 460

May 20, 1978 1800

Source:  27

Most storms responsible for floods in central and western Himalaya
occur late in the year in September. After reaching east Rajasthan
they swing towards the Himalaya, drawing moisture simultaneously
from the Arabian Sea and shedding it in the hills.

Source :  2



southern slopes of the Shillong plateau on which
Cherrapunji, the world’s rainiest place, is situated. Similar
geographic conditions give the Teesta valley exceedingly
high bursts of rainfall37.

The area experiences rainfall varying from 3,000 mm to
6,000 mm every year. Cyclonic storms can last for two to
three days and bring rainfall as high as 500 mm to 600 mm
a day and over 200 mm over a period of just two to four
hours34. Often the intensity of rainfall is so high that within
10 minutes of its commencement, it can reach a burst of 750
mm per hour; this intensity is sometimes sustained for  as
long as three hours37. Between 1891 and 1965, rainfall
intensities of more than 250 mm in 24 hours were recorded
more than 40 times. One day rainfall has ranged from 310
mm to 1,800 mm (see Table 17)27. Experts of the Central
Building Research Institute (CBRI) argue that cloudbursts
exceeding 1,000 mm in 24 hours will trigger landslides prac-
tically in any geological circumstance27. Some scientists
have even argued that catastrophic rainfall events, such as
the one in October 1968, are the primary slope forming
processes in the region33.

These landslides play a very important role in exacerbat-
ing floods. The blocking of the narrow gorge of the Teesta by
massive rocks is common. Scientists have reported huge
boulders up to 100 cum in size carried one km downstream
in a single shower. Scientist R K Bhandari of the CBRI has
himself seen the 40 m-wide Teesta river at the New Vong
slide in north Sikkim virtually blocked for about 20 minutes
in 196636.

Fragile geology

Three factors prevailing in Darjeeling and Sikkim Himalaya
exacerbate the destabilising impact of high rainfall. Firstly,
hills in the region are extremely fragile. The strata consists of
sandstone, shale, mica schist and quartzite, which are in a
disintegrated condition in many places and folded and 
thrusted with a number of fault planes34. Secondly, the topog-
raphy is such that it leads to enormous erosion, toe cutting
and landslides. The catchment of the Teesta in India is about
1.27 mha and in the hills alone it is about 0.8 mha38. Teesta
originates at a height of about 6,400 m and is formed mainly
by the union of two streams — Lacheng chu and Lachung chu
—  which unite at Chungthang38. Sikkim is like a bowl
hemmed in by some of the world’s highest mountains. To the
west, the borders of Sikkim and the Teesta watershed abut the
ridges of the mighty Kanchenjunga range and the boun dary of
Nepal; to the north and the east, the boundaries of Sikkim
and the Teesta watershed lie astride the border  with China
and various high mountain ranges through which the earlier
trade routes with Tibet lay; and, to the south-east, they merge
with the border of Bhutan37. About one-third of the Teesta
catchment is under perpetual snow. Snowfall occurs above
the elevation of 2,700 m during winter38.

Sikkim is mainly drained by the Teesta which travels
through the centre of the state in an almost north-south axis.
The Burhi Rangit, which drains a good part of western
Sikkim, merges into the Teesta just south of Melli Bazaar in
the Kalimpong hills. Thus, every raindrop in Sikkim leaves

the watershed at one point where Rangit and Teesta meet37.
As the Teesta flows, it meets several tributaries even though
it is a small river. Its total length within the mountains is
about 200 km and it flows through steep gradients and nar-
row gorges, whose maximum width is 200 m38. Its tributary
streams have steeper slopes and tiny catchment areas (see
Table 18). These streams can bring down large quantities of
silt, boulders and water at a very high velocity. 

They play a major role in causing floods during rain-
storms. Several of them flow into the Teesta in an opposite
direction. At their confluence, there is enormous turbulence
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and silt disposition. The narrow gorge of the Teesta tends to
widen at such points because of the large silt deposits. But
during the rest of its course, the river’s velocity is very high
because of its narrow channel. The entire watershed is, there-
fore, conducive to quick run-off leading to flood peaks of
short duration. The high floods, in turn, accentuate toe ero-
sion and landslides. 

As soon as the river enters the Jalpaiguri plains, it imme-
diately spills into a width spanning four to six km braiding
itself into four well defined streams separated by large silt
fans. The river carries heavy silt and timber charge at this
point because of the continuous erosion of the hillsides37.

Because of these factors, the Teesta was considered wild
and unpredictable even when its catchment was clothed
with dense forests. Up to the close of the 18th century, the
Teesta flowed into the Ganga but after the destructive floods
of 1787 in which a large part of the Rangpur district was laid
waste, it suddenly turned eastwards and joined the
Brahmaputra37.

Another set of factors which seem to have exacerbated the
erosion is the land use changes and development interven-
tions that have taken place in the Teesta watershed. Sikkim has
suffered extensive deforestation over the last 200 years. pres-
sures of land tenure and heavy state taxation in Nepal during
the 18th century resulted in the migration of a large number of
Nepalese subsistence farmers to Sikkim, Darjeeling, Assam
and Arunachal Pradesh. Increases in area under subsistence
agriculture were soon followed by wide-spread development

of tea plantations after the British conquest, especially in the
Darjeeling Himalaya. These developments greatly reduced the
forest cover in Darjeeling33.

Changes in cropping systems are also adding to the 
problem. Many fields which were earlier under maize have
been converted into paddy fields. The accumulation of water
for eight to 10 weeks during the monsoon period tends to
increase landslides. The area under irrigated cardamom
plantations has also been increasing. Water is led to these
plantations from perennial nalas, increasing percolation into
the subsoil34.

Only 36 per cent of Sikkim’s area remains under forest
cover, and extensive clearing operations continue, espe cially
in more accessible southern districts. The northern forests, at
higher elevations, are still reported to be in good condition.
Over the past two decades, Sikkim has acquired one of the
highest road densities in the Himalaya (12 km per 1,000 sq
km compared with 0.44 km per 100 sq km in neighboring
Bhutan). This, in turn, has caused accelerated landslides and
further loss of forest cover33.

Highways and landslides

Highways in Sikkim and the Darjeeling hills bristle with
landslides. Extensive damage to roads in this region was first
reported as far back as 1889. Numerous landslides continue
to occur every year dislocating communication systems34. In
1973, the Siliguri-Darjeeling railway was damaged in sever-
al places because of rock falls and in 1968 and 1973, so
were roads from Siliguri to Kalimpong and Gangtok.
Disruption of communications leads to a drop in tourist 
revenue on which this area is heavily dependent37.

Brigadier Harish Chandra of the BRO argues that high-
ways themselves are the biggest cause of landslides37. R K
Bhandari of CBRI claims that landslides on Sikkim highways
represent some of the most challenging slope instability
problems encountered in the Himalayan region. Another
expert points out that “some of the formidable landslide
complexes in the area are created by an unusual interplay 
of natural forces which no civil engineer would normally
comprehend while designing the cutting of a highway”40.

The national highway 31A, the major road in the area,
takes off from Sevoke bridge and runs up to Gangtok. The
first major landslide at Birik assumed serious proportions in
1968. The main cause is severe toe cutting by the Teesta. The
overlying mass has been destabilised generating regular rock
falls37,41.

After Teesta Bazaar, there is considerable bank erosion.
The river skirts around the Rinkingpong hill on which
Kalimpong is situated. The river is continuously confined to
a narrow gorge. Hill slopes on both sides are relatively 
gentle. There are thick forests on the western slopes up to an
elevation of 1,700 m, but the lower portions of the slopes
from 1,700 m to 200 m have been cleared for tea gardens
and paddy cultivation.

The hills consist of a thick alluvium overlay on imper -
meable rocks. Water percolation in this region is extremely
high. Kalimpong hills on the eastern side are steeper.
Vegetation is low and there are prominent faults. The streams
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Table 18

Characteristics of tributaries of the Teesta

Name Catchment Length of Slope Discharge1
area stream
(ha) (km) (m/km) (cumecs)

Larger stream
Lacheng chu 1,87,920 72 98 5,250

Lachung chu 94,870 67 85 2,655

Rangrang chu 27,216 46 99 998

Ronghi chu 96,940 64 73 2,198

Rangpo chu 70,243 64 69 1,740

Rangit 3,08,190 83 81 7,193

Singhik 83,203 43 179 3,744

Smaller streams
Geil Khola 2,707 10 186 405

Lepcha Jhora 400 4 285 63

Bhalu Khola 800 4.75 307 126

Khani Khola 425 4 290 67

Tar Khola 1,400 5.3 273 220

Tumthang Khola 1,800 7.5 245 275

Reni Khola 6,675 10 181 1,050

Rora chu 6,800 17 193 1,056

Takchom chu 3,600 13 182 570

Source:  37



3
YAMUNA’S WRATH

Floods in the Yamuna catchment are closely related to meteoro logical
phenomena and their timing during the monsoon. Emerging from the
Banderpunch glacier in central Himalaya, the Yamuna is one of the
biggest Himalayan rivers. Its 1.95 mha catchment up to Okhla in Delhi
can be divided into two parts — the Himalayan, extending from the
source to Tajewala, and the plains part from Tajewala up to Okhla.
Within its Himalayan reach, the river has limited flood plains and
because of high slopes, run-off is quick and heavy. Entering the plains
near Faizabad in Saharanpur district after piercing the Siwalik hills —
three km upstream of the Tajewala headworks — the Yamuna flows for
248 km to reach Okhla near Delhi. 

The river has no major tributaries in its plains reach up to Okhla.
The principal rainy months in the catchment are July and August.
While the entire catchment receives an average of 1,171 mm of rain-
fall annually, the Himalayan part receives 1,458 mm and the plains,
826 mm. Short duration, high intensity rains are common. Dadupur,
21 km downstream of Tajewala, received 445 mm of rainfall on July
2, 1956. Delhi received 495 mm on September 9, 1875. Mussoorie,
in the Himalayan reach has received 127 mm or more of rainfall in
one day on 102 occasions between 1891 and 1960 and 254 mm or
more rainfall on four occasions. Ambari, near the Siwalik hills, has
received 127 mm or more on 82 occasions and 254 mm on five occa-
sions. A study of all the peak floods shows, however, that they have
rarely occurred in July. On 17 occasions between 1900 and 1960, the
danger level of 204.8 m at the Delhi railway bridge was exceeded.
This was mostly in August, September and October.

October is generally dry but sometimes heavy rains are received
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Floods in the Yamuna (1900-1960)1

Monsoon period

July August September October

Mild floods2

21.7.1902 4.8.1908 21.9.1900 None
(205.01) (205.2) (205.1)

16.8.1942 23.9.1914
(205.1) (205.0)

19.8.1943 13.9.1932
(204.9) (204.9)

27.8.1948 23.9.1933
(204.8 (205.0)

25.8.1952 20.9.1937
(204.9) (204.8)

8.8.1958 18.9.1957
(205.1) (205.1)

Bad floods3

None None 29.9.1947 2.10.1924
(206.1) (205.8)

9.10.1955
(205.9)

15.10.1956
(206.5)

Notes:1 Danger level at Delhi railway bridge: 204.8 m
2 1 m above the danger level
3 1 m above the danger level

Source:  1

UNCONTROLLED FURY: An embankment breached by the Yamuna near Delhi. (PIB)
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descending from these slopes bring large masses of debris.
Toe cutting and undermining of slopes is very high.

A few km upstream from Teesta Bazaar, two streams,
Lepcha Jhora A and Lepcha Jhora B, descend steeply from the
Kalimpong hills. They bring so much silt that the river has
developed a silt plain on its east bank, has been pushed
westward and is now undermining the Teesta Bazaar area.
The Mangwa Jhora which flows in from the west has restric -
ted the westward movement of the Teesta and, as a result,
intensified the action of Lepcha Jhora B. The hill slopes of the
Lepcha Jhora B, which has a tiny catchment of 200 ha, are so
saturated with water because of irrigated fields that they are
slumping into a mud flow. 

All the way from Melli Bazaar to Rangpo, there are more
landslides. Near Rangpo, Tar Khola meets Teesta in the oppo-
site direction and a large flood plain has been created at their
confluence. At Rangpo, Teesta meets Rangpo chu, again in
the opposite direction. The result is a large basin, almost one
km long and 0.5 km wide.

Further up towards Gangtok, numerous new slides have
taken place since 1970. The most famous of these is the
Ninth Mile slide which acquired such a notoriety in Sikkim
that for almost two decades, 1950s and 1960s, it was
assumed that traffic must stop there in the rainy season.
Scheduled buses used to stop at the slide for prearranged
trans-shipment. The slide is situated below a cultivated hill. 

The slopes remain saturated with water and the over -
burden continues to slump into the river. Below the hill,
three streams that are insignificant in the dry season but carry
enormous flows during the rains, meet the Teesta. During the
rains, these three streams together contribute 25 per cent of
the Teesta’s flow at Rangpo. The slopes of these streams are
steep and they bring mostly boulders into the river. This
excessive flow has caused severe toe erosion37.

Numerous landslides exist also on the north Sikkim high-
way from Gangtok to Chungthang. The problem at the New
Vong slide consists of falling boulders ranging up to six m in
diameter which literally bomb the road and its associated
structures.35

1968 flood

The 1968 flood remains the biggest in recent years. In
October 1968, rainfall between 600 mm and 1,200 mm fell
in the Darjeeling Himalaya during a three-day period at the
end of the monsoon when the ground was already satura -
ted. It is estimated that some 20,000 landslides took place.
The 50 km road between Siliguri and Darjeeling was cut in
92 places and approximately 20,000 people were killed,
injured or displaced33. R K Bhandari believes that 
these landslides played a major role in exacerbating the
floods of 196836.

The October 1968 storm began on October 3 and lasted till
October 5 but the peak flood passed down sometime on
October 438. Probably because the cloudburst was localised,
very little damage occurred in north Sikkim up to Rangpo. All
bridges, including one with just a four m clearing above river
level but situated two km above Rangpo, remained intact.
However, the damage along the Rangpo chu and south of its

The Yamuna has 1.95 mha catchment from its sources up to Okhla in Delhi.
The worst floods in the river have usually occurred in late September or
October, as measured at the old railway bridge in Delhi.

in the catchment in late September or early October. These often
result in heavy floods in the lower reaches because the catchment is
almost saturated at that time and the river is nearly full. All the worst
floods have been recorded in the last week of September and the first
two weeks of October (see Table 1). Floods in July, August and the
first three weeks of September have all been comparatively milder.

The worst floods in memory — in 1924, 1947, 1955 and 1956
— were caused by monsoon storms breaking over the Punjab or 
north-west UP. If at the time of an approaching depression, a 
westerly wave happens to pass eastwards over the Punjab-Kumaon
Himalaya, exceptionally heavy spells of rainfall take place. The 
floods of 1955 and 1956 were the result of this synchronisation of
westerly waves with the filling up of depressions over the Punjab-
Kumaon hills.
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TRAIL OF TERROR: Floods in the Teesta leave behind a trail of devastation and impoverishment. (N Thiagarajan/ The Hindustan Times)



confluence with Teesta was extremely severe.
Numerous bridges were washed away and rail traffic was

closed for 32 days. Rangpo’s lower market, which was well
above the river before 1968, came under two m of sand after
the flood and is now almost at the same level as the river’s
flood plain. Parts of it have been since abandoned. Further
downstream, enormous silt came down the Tar Khola and the
road leading up to the bridge across it was badly damaged.

The Tumthang Khola, a minor nala, which has a small
catchment of only 1,800 ha, met the swollen Teesta with a
very heavy silt charge and a high velocity. It shed its silt
charge in the resulting turbulence. So much silt was 
deposited at this site that no trace of a 30 m-long bridge here

could be found. It got buried under the silt. The bridge was
exposed in the 1969 rains and was excavated. The bridge is
still in service at the same site.

The old Anderson bridge at Teesta Bazaar was, however,
not so lucky. With all small rivers coming down from
Kalimpong hills going into spate, the average water level at
Teesta Bazaar, which is only about 190 m, began to rise at an
alarming speed. The storm started on October 3 but by 0530
hours on October 4, the water level had already reached
206.4 m. It kept on rising rapidly and reached 228.6 m at
2300 hours — an incredible rise of 22.5 m in 17.5 hours. The
river not only brought in a lot of silt but also trees.

The bridge at Teesta Bazaar was safe even after the river
had risen 20 m above the extreme danger level. The bridge
may have remained safe if the water level had continued to
rise and submerged it. Unfortunately, on the morning of
October 5, timber logs and trees came down the river and
got stuck against the bridge. As more trees collected, the
bridge collapsed under the strain37.

The flood waters, when they reached Jalpaiguri, over-
flowed the embankment and created wide breaches in it. The
whole town came under two to three m of water in the early
hours of the morning and its residents were caught unaware.
There was heavy loss of life, besides physical damages42.

Landslides and floods have occurred several times since
1968. There were major floods in 1973 and 1975. In June
1976, the Teesta triggered off numerous landslides in
Darjeeling. Several people were buried alive due to the cav-
ing in of a hillock27. While the earlier catastrophic floods
were in 1950, the 1968 floods followed on rapidly with
another catastrophic flood in 1973. Some, therefore, argue
that the Teesta valley is becoming more flood-prone.

However, stream flow data does not show that there is
any demonstrable tendency for a trend towards higher water
discharges33. It is, however, possible that the valley has
become more prone to landslides because of extensive land
use changes and development activities like construction of
highway. To the extent that landslides tend to exacerbate
floods in the mountains, the valley could indeed be becom-
ing more flood-prone too.

The above analysis clearly shows that the Himalayan 
valleys from Jammu and Kashmir to Arunachal Pradesh
repea tedly face major floods. Usually caused by heavy 
and intense rains, they become worse when associated 
with landslides and blocked river courses. Such floods 
have been taking place since time immemorial but the
Himalayan valleys may have become more landslide-
and flood-prone of late due to deforestation and 
development interventions.
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On October 4, 1968, the water level at the Anderson bridge rose by 
22.6 m above the danger level in 17 hours and finally the bridge was
washed away.



❐ Himalaya, the youngest mountain range in the world, is highly erosion-prone. It is brutally lashed by
intense rainstorms and it experiences some of the world’s worst earthquakes. It thus constitutes an
ecosystem primed for disaster. 

❐ Himalayan mountains have risen one km in the last 1.5 million years, a phenomenon not older than
prehistoric humans. This mountain building activity continues even today. Slopes become sharper
and the mountains become more erosion-prone.

❐ The 15,000-odd Himalayan glaciers cover about 17 per cent of the mountain area as compared to
about 2.2 per cent in the Swiss Alps.

❐ A glacier-dammed lake burst on the Tamur river in Nepal — a phenomenon known as jokulhlaup —
and created a flood surge that stripped all trees 20 m above the river banks for 30 km downstream.
The threat of jokulhlaups in the Himalaya is only being understood now.

❐ Major Himalayan rivers behave as erratically as small mountain torrents. Even the mighty
Brahmaputra’s stream flow in one year can be double that of another.

❐ Little is known about the hydrology of Himalayan slopes. One study shows that less than one-fifti-
eth of rainfall in the Lesser Himalaya gets converted into surface flows. Subsurface flows contribute 
significantly to Himalayan streams but also make the area very prone to landslides.

❐ Landslides contribute more to soil loss in the Himalaya than surface erosion. Deforestation is often
blamed for landslides, but forests can only inhibit shallow landslides. They have little effect on deep
landslides. 

❐ During a normal year, some 0.5 mm to five mm of soil depth gets washed away in the Darjeeling
Himalaya. During a year of catastrophic floods, such as in 1968, some 20 mm deep soil can get 
eroded. Hardly any mountain range in the world experiences such high erosion rates.

❐ Natural erosion processes in the Himalaya are so intense that they dwarf the changes caused by
deforestation. Afforestation will help the local economy but will not prevent large floods in
Himalayan rivers.
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The Himalayan mountains are rising rapidly even as the
seething rivers of the region erode them, accounting for
a quarter of the eight billion tonnes of sediment the

world’s oceans receive annually. Himalayan rivers, like
Ganga and Brahmaputra, are also carriers of enormous
quantities of water, causing havoc in the Indo-Gangetic and
Assam plains.

There is a growing feeling that human intervention, result-
ing in deforestation is aggravating floods in the plains, as
greater quantities of soil and water now rush down the
Himalayan valleys to raise the river beds at an even faster rate.

However, to understand the mechanism at work an
overview of the region’s physiography, tectonics, geology,
meteorology, hydrology and the process of erosion is 
necessary.

THE HIMALAYAN ENVIRONMENT

A series of three parallel mountain belts running along a
grand arc for a length of about 2,400 km with a width rang-
ing from 200 km to 400 km form the Himalayan system.44

The northernmost belt is known as the Greater, or High,
Himalaya with numerous summits exceeding 7,500 m to
8,500 m. Their average height is about 6,000 m and they are
among some of the highest in the world. Most of Greater
Himalaya is situated above the treeline, which ends at
approximately 4,000-4,500 m.

The southern flanks of Greater Himalaya merge with the
Lesser Himalaya or the so called Middle mountains, whose
average height is about 2,000 m to 3,300 m. The various
ranges here have different names — for example, Pir Panjal
in Jammu and Kashmir and Dhauladhar in Himachal
Pradesh. The width of the Lesser Himalaya varies from 60 km
to 80 km. These mountains have traditionally had a high
population density. The northern portion of the Lesser
Himalaya which lies between 2,900 m and 4,000 m still
remains under upper montane forests. Below is a belt of
intensive agriculture33.

The Siwaliks constitute the Outer Himalaya, which abuts
the Indo-Gangetic plain. Rising abruptly from 200 m to 500
m they attain an height of 900 m to 1,200 m. Here occur the
famous tectonic depressions known as the dun valley sup-
porting the richest agricultural land in the region. The duns

range from Dehra Dun in India to the Rapti valley in Nepal.
The width of the Siwaliks varies from 10 km to 50 km and
they extend from the Brahmaputra valley in the east to the
Potwar plateau in Pakistan45.

The Himalayan mountains are the result of a massive col-
lision of two drifting earth plates — the vast continental mass
of Asia to the north and the smaller continental mass of the
Indian peninsula to the south. About 100 million years ago,
India lay in the southern peninsula. But after it broke away
from the southern landmass called Gondwanaland, the
Indian plate drifted northward at a speed of about 20 cm per
year. After its initial impact with the Asian plate about 40-50
million years ago, it slowed down its northward progress to
about five cm per year. But it has continued to move forward
at the same average velocity ever since and, in the past 40
million years, plowed 2,000 km under present day Tibet46.

This collision caused the Earth’s crust to buckle and rise

C H A P T E R 3

Deforestation :
The Bare Facts

The collision of the Indian continental plate with the Asian plate resulted in
the buckling of the Earth’s crust to produce the Himalayan mountains. The
process started less that 40 million years ago and is still continuing.

p41
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COMMON FLOODS: Floods are common in the Srinagar valley hemmed in between the Pir Panjal range to the south and the Greater Himalayan ranges to the
north. (PIB)



forming the Himalaya. The uplift has taken place in at least
three distinct phases. The first phase took place about 38
million years ago. This gave rise to the Greater Himalaya
and the area north of it known as Trans-Himalaya. The sec-
ond upheaval took place between seven and 26 million
years ago and formed the ranges of the Lesser Himalaya. The
third, which formed the Siwalik hills started about seven
million years ago. Huge amounts of sediments, washed
down from the upper mountains, had accumulated in the
shallow lagoon of water formed immediately to the south of
the newly risen Lesser Himalayan ranges. During the third
phase, these sediments were lifted up to form the Siwalik
hills45.

The mountain building activity continues even today as
the Indian plate thrusts itself further under the Asian plate. As
a result, the Himalayan mountains continue to rise. Over the
last 1.5 million years, the Himalayan mountains have risen at
least 1,000 m — a phenomenon that is not older than pre-
historic humans. In the last 10 million years, certain parts of
western Himalaya have been uplifted some three to six km.
The Nanga Parbat, for instance, already the tenth highest
mountain in the world, is still rising. In the past two million
years, the uplift rate of the Nanga Parbat massif has, in fact,
increased from 2.5 to five mm per year47.

The current rate of Himalayan uplift is estimated to be
seven mm per year. The mountains are eroded and washed
down every year — drill holes have penetrated more than
5,000 m of alluvial sediments beneath the Ganga plains —
yet several scientists believe that the height of the Himalayan
mountains today is equal to, if not higher than, what it was a
million years ago33.

Because the Himalayan mountains constitute a region
where two drifting earth plates meet and the Earth’s crust is
still undergoing a change, it is a region with high seismic
activity. The junction of the greater and the lesser Himalayan
regions is marked by a gently inclined thrust plane called the
main central thrust (MCT). The sliding of the Indian plate
below the Asian not only led to the uplift of Greater
Himalaya but also resulted in widespread splitting, shearing,
shattering and crushing of Lesser Himalayan rocks. These
weak rocks now easily give way under the onslaught of rains,
shocks of explosions and earthquakes, and occasionally
even vibrations generated by movements of heavy vehicles.
As a result, this five km to 20 km wide MCT belt is marked
by gigantic fans and cones of both ancient and recent land-
slides. The main boundary thrust (MBT) zone defines the
junction of the Lesser Himalaya and the Outer Himalaya and
its geological condition is even worse.

The Himalayan region has been rocked by both moderate
and large earthquakes with a magnitude of about eight on
the Richter scale. Seismicity is high along both the MBT and
MCT. Earthquakes have taken place along the MCT in Nepal
and Himachal Pradesh. Earthquakes in the proximity of the
MBT have been of larger magnitude even though their occur-
rence has been less frequent. There are strong and recurrent
movements also along the many transverse faults which tear
the Himalayan front into differentially moving blocks and
segments. Seismicity maps show that the Indo Nepal border
registers the largest number of earthquakes per year. Large

earthquakes have caused considerable damage to life and
property through destructive landslides over extensive areas.
It also seems that the transverse faults are seismically more
active than the thrusts. It is through the valleys controlled by
these faults that numerous Himalayan rivers emerge into the
plains. Several dams and hydroelectric projects are also
located here14.

The geology

The Trans-Himalaya and the Greater Himalayan regions con-
stitute an extremely complex landscape, heavily sculptured
by glacial erosion. The rocks range from hard granites and
metamorphic to those formed out of the sediments of the
ancient Tethys Sea, which once separated the Indian land-
mass from the Asian landmass and which disappeared with
their collision. The entire region has been subject to extreme-
ly complex faulting, folding and overthrusting because of the
collision.

The rocks in Lesser Himalaya are also extremely varied
and include sedimentary, metamorphic and granites.
However, there are also extensive areas of phyllites and
schists — rocks which have a tendency to split very easily.
These rocks are deeply weathered and because of the steep
slopes of the Himalayan mountains, highly susceptible to
erosion.

The Siwalik hills contain the youngest and some of the
most easily eroded rocks of the entire Himalayan region
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The Himalayan region has been rocked by both moderate and large earth-
quakes — the largest number being on the Indo-Nepal border — which
have caused many destructive landslides. It is through these Himalayan val-
leys that numerous rivers emerge into the plains.
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SLIDING MOUNTAINS: Erosion is very high in the Siwaliks for they are made up of young and friable rocks, but it is landslides which contribute more to soil
erosion in the Himalaya. (Amar Talwar/CSE)

including unconsolidated sands and gravels. Wherever these
ranges have been extensively deforested, there has been a
catastrophic increase in soil erosion33.

The meteorology

The Himalayan mountains are the critical determinant of the
Indian subcontinental climate. In the winters, they serve as
an effective barrier to the intensely cold continental air blow-
ing southward into India. This helps keep India warm in the
winter. In the monsoon months, the Himalaya force the rain-
bearing winds from the south to deposit most of their mois-
ture on the Indian side48. A monsoon simulation experiment
conducted in the US found that in absence of the Himalayan
ranges, south Asia would possess a desert like climate
because the dry continental air flowing in from the north-
west would push the rain belt far away to the south.

The weather within the Himalayan region changes con-
siderably over the year. October and November are typical-
ly dry, but beginning December winter rains start, reaching a
maximum around February. Snowfall sometimes continues
up to April. March, April and May mark the transition period
between winter and summer. Rising surface temperatures are
accompanied by increasing thunderstorm activity, some of
which bring hail. In winter, the Himalayan ranges receive
precipitation from the mid-latitude westerlies. In the higher

mountains, precipitation is typically in the form of snow,
whereas in the lower valleys it occurs as rain. Winter pre-
cipitation in the Himalaya exhibits a decreasing trend from
west to east.

The phenomenon is reversed in the summer. The eastern
end of the Himalaya receives considerably more rain during
the monsoon, where it also lasts longer. The monsoon com-
mences in the first week of June in the eastern half, almost a
month earlier, and ceases in September end, almost three
weeks later, than it does in the western half. 

Rainfall at the microlevel varies even more. Local moun-
tains strongly modify its distribution. With minor ranges, spurs
and valleys running in different directions, rain-bearing winds
can often enter only through narrow gaps from parti cular
directions. Northern slopes and east-west oriented valleys
usually receive less precipitation because of the rain shadow
effect than southern slopes or north-south oriented valleys48.

Any detailed study of rainfall needs a dense network 
of observatories, which do not exist in the Himalayan 
region due to difficult terrain and inaccessible areas. It is,
therefore, not possible to correctly estimate rain or snowfall
distri bution in most Himalayan catchment49. In the hilly 
portion of the Yamuna catchment, there is not even one 
raingauge for every 300-400 sq km of the catchment area 
as recommended by the World Meteorological
Organization. In fact, Indian meteorologists believe that
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The eastern end of the Himalaya receives considerably more rain in monsoon where it also lasts longer than the western half. The monsoon commences a month
earlier in June and ends in September, three weeks later than in the western half.

given the extreme variability of rainfally in the Himalayan 
catchment, the density of raingauges should be one 
every 150 sq km50.

Rainfall also varies with altitude. Analysing data obtained
from the Kosi basin, meteorologists O N Dhar and B K
Bhattacharya found that maximum rainfall occurs at two 
different elevations. The first occurs near the foothills and
then starts decreasing, reaching a minimum at an elevation
of 600-800 m. This region is located on the leeward side of
the Siwalik hills, that is, in the valleys between the Siwalik
and the Lesser Himalayan ranges.

Thereafter, rainfall starts increasing until an elevation of
2,000-2,400 m is reached. The Lesser Himalayan ranges,
therefore, receive high rainfall. The rainfall again decreases,
probably because the winds lose most of their moisture
while moving over the outer and lesser ranges51. The Mount
Everest region in Greater Himalaya, for instance, is almost a
semi-arid area. The 3,000-4,000 m high Pir Panjal range 
literally acts as a barrier to monsoon winds entering the
Kashmir valley, which lies between the Lesser Himalayan

and the Greater Himalayan mountains. The areas to the
south of the range receives four times more rainfall than the
area to its north during the monsoon52.

The Greater Himalayan mountains themselves stop
almost all the monsoon winds from reaching the slopes
which face Tibet. These slopes tend to be semi-arid to
extremely arid because of the rain shadow effect. Ladakh, for
instance, is a cold arid desert.

The rainstorms

Summer rain in the Himalaya, as in the plains, is regulated
by the oscillations of the monsoon trough (area of low pres-
sure) and other perturbations in the monsoon circulation,
such as the formation of depressions in the Bay of Bengal
and their movement along the central parts of the country
and the Indo-Gangetic plains, and breaks in the monsoon.
The depressions bring fresh surges of monsoon air, and when
these get blocked by the Himalayan ranges, they pour heavy
rain over them.



Short duration, high intensity rains are common over the
Himalaya. For example, the town of Mandi and the Suketi
valley in Himachal Pradesh experienced an unprecedented
rainfall of 250 mm in three hours in the early hours of 
August 31, 196053. Haridwar received 495 mm of rainfall 
in 24 hours on September 18, 1880, and Dehra Dun
received 487 mm rainfall in 24 hours on July 25, 1966. Once
every 10 years, the Ganga basin up to Haridwar sees a 
rainfall event of  100 mm to 300 mm in one day and once in
100 years, a one-day rainfall of as much as 200 mm to 
540 mm52a.
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Rain-bearing winds lose their moisture as they cross the Siwalik. Heavy 
rainfall occurs near the foothills and then starts decreasing. Thereafter, it
starts increasing again and the Lesser Himalaya receive substantial rainfall.
By contrast the Greater Himalayan regions are very dry.

The 3,000-4,000 m high Pir Panjal range acts as a barrier to monsoon winds
entering the Kashmir valley, which makes the state a popular tourist resort
during the monsoon months. The area south of the range receives four times
more monsoon rainfall.

Table19
Heavy rainfall events in the Beas catchment

Rainfall events (76 mm or more) from 1901-1960
Station

July August September October
(1860 days) (1860 days) (1800 days) (1860 days)

Dharamsala 212 228 58 5

Kangra 109 158 48 3

Palampur 164 172 36 7

Hamirpur 48 61 16 4

Dehra Gopipur 45 68 23 7

Source:  54
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DEEP PREEZE: A large part of the Himalayan range is covered by glaciers — a major source of water for the mighty rivers that flow into the Indo-Gangetic
plains. (Anil Agarwal/CSE)

The Beas catchment regulary witnesses rainstorms.
Dharamsala, located on the southern slopes of Dhauladhar
range, received 387 mm of rain in one day on July 16, 1934,
and 363 mm on September 21, 1917. It received over 76
mm of rainfall every tenth day of July and August, on aver-
age, in the 60 years between 1901 and 1960 (see Table
19)54. Whenever a monsoon depression over the Punjab
Himalaya coincides with the passage of a western distur-
bance moving eastwards, exceptionally heavy rains occur in
the Beas catchment.

During monsoon breaks, the axis of the monsoon trough
tends to lie at the foot of the Himalaya instead of over the
Indo-Gangetic plains. The trough axis is the line along which
the two branches of the monsoon, namely the Arabian Sea
and the Bay of Bengal, meet. At such times, central India
experiences near drought conditions. But in sharp contrast,
the mountains of the eastern Himalaya tend to get heavy-to-
very heavy rains. Because of this, a peculiar situation is cre-
ated on a ‘break day’ in the catchment of Himalayan rivers,
particularly those located in Sikkim and Nepal. These rivers
often go in spate while downstream plains are experiencing
almost drought conditions.

On a ‘break day’, the entire Himalayan region does not
experience an increase in rainfall. The region to the west of
longitude 79°E, that is, western Himalaya actually witnesses a
general decrease. But rainfall increases to the east of logitude
79°E and the maximum increases — 200 per cent to 300 per
cent over the average — are located in the region between
longitudes 85°E and 87°E, where the catchments of Teesta,
Kosi and Bagmati lie. Rain also increases in the catchments of

the more western rivers like Gandak, Rapti and Ghaghara but
not to the same extent55.

The glaciers

Himalayan glaciers cover about three mha or about 17 per
cent of the mountain area as compared to 2.2 per cent in the
Swiss Alps. The 15,000 odd Himalayan glaciers form a
unique reservoir which supports such mighty perennial rivers
as Indus, Ganga and Brahmaputra. Unfortunately, data on
the Greater Himalayan environment is fragmentary.
Himalayan glaciers are spread over a chain of mountain
ranges with different orientations and elevations, which
makes the task of data collection extremely difficult.

The glaciated area, including the area north of the
Himalaya which drains into Himalayan rivers, is estimated to
be about five mha. About 10 times the glaciated area gets
snow covered during the winter months. The annual water
yield from glacier-melt is about 15 mham per year. The snow
melt contributes another 50 mham. Thus, on a very rough
estimate, snow melt and glacier melt together contribute a
water volume of 65 mham to the northern rivers. About 70
per cent to 80 per cent of all these contributions come dur-
ing June to September. These figures are comparable to the
total volume of water being used in India at the moment56.

Little is known about the contribution of glacier and snow
melt to specific rivers but a study recently conducted on the
Dhauliganga river, which originates in the Lesser Himalaya
in Pithoragarh district of Uttar Pradesh, shows that these can-
not be major causes of floods. The river’s catchment is stud-



ded with 23 small and medium glaciers. About 45 per cent
of the annual river flow comes from glacier and snow melt.

The average daily glacier melt from April to September
remains fairly constant, about 45-55 cumecs. The peak
occurs after noon but it affects the downstream reaches of
the river only around midnight. Snow and glacier melt
together contribute a maximum of 75 cumecs (that is, about
two per cent) to peak river flows which are of the order of
3,500 cumecs. The Dhauliganga study, thus, shows that
despite a large cover of snow and glaciers, Himalayan floods
are mainly due to rainfall57.

The jokulhlaups

However, there are rare occurrences when glacier-dammed
lakes can suddenly burst — a phenomenon known as
jokulhlaup — to cause severe floods. Major jokulhlaups are
not uncommon in the Himalayan ranges though little has
been known about them until recently. A moraine-dammed
lake drained catastrophically on August 4, 1985, in a tribu-
tary valley of the Bhote Kosi in Nepal. As scientific curiosity
grew, it was found that at least three jokulhlaups, and possi-
bly five, seem to have occurred in the region within living
memory.

Villagers in the Dudh Kosi valley can remember at least
two major floods caused by glacial dam bursts — one about
60 years ago and another in 1977 when an ice-dammed lake
at Mingbo burst. Both floods caused immense havoc and
extensive erosion in the Dudh Kosi valley, depositing vast
amounts of sediment58. In 1981, a glacial lake outburst
occurred in the headwaters of the Sun Kosi river, which 
damaged the Sun Kosi barrage and a large number of old
land-slides were reactivated59. A glacial dam burst on the
Tamur river in Nepal resulting in a flood surge that for 30 km

downstream stripped all trees 20 m above the river bank60.
Indian hydrologists have also recorded a jokulhlaup on the
Dhauliganga, but fortunately its peak was not very high57.

One of the most spectacular geomorphic events to have
occurred in historic time in the Nepal Himalaya was the out-
burst of a moraine-dammed lake behind the Machapuchare
mountain between 600 and 800 years ago. The resulting
flood surged down the Seti Khola which deposited 5,500
mcum of debris in the Pokhara valley, damming lake  Phewa.
This is the largest known glacier lake outburst.

Several Himalayan glaciers are retreating. A recent study
has concluded that these glaciers have been in a general
state of retreat since 1850. The rate of retreat varies from  4.6
m to 23.5 m per year. Glaciers in the Kosi watershed  have
also been thinning and retreating since about 1900. The pro-
gressive retreat and thinning of Himalayan glaciers during
the present century is resulting in the formation of  new
moraine-dammed lakes and the enlargement of preexisting
ones. Small ponds on the surface of lower glacier tongues
are also enlarging and coalescing. A new lake has formed
since 1956 on the lower part of the Imja glacier below
Lhotse. It is now about 50 ha in extent. A cursory study of the
Dudh Kosi and Arun catchment in eastern Nepal-south-east-
ern Xizang has revealed the presence of at least 50 ice-
dammed and moraine-dammed lakes. While little is known
about the frequency of collapse of these ice and  moraine
dams, their sheer number is definitely impressive33. 

The hydrology

The Himalayan range can be divided into three huge water-
sheds of the Indus, Ganga and Brahmaputra. Amazingly, all
these rivers have their sources very close to each other in
central Himalaya. Four of the world’s greatest rivers —
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NEPAL’S NIGHTMARE

On August4, 1985, moraine-dammed glacial lake, Dig Tsho,
burst in the Khumbu Himal area of eastern Nepal. The formation
of glacial lakes largely depends on glacial activity. Glaciers can
advance or retreat due to changing climactic conditions and
while retreating can easily form moraine-dammed lakes. 

Swiss scientists Daniel Vuichard and Marcus Zimmermann
studied the 1985 Khumbu Himal catastrophe in detail1,2. The
Dig Tsho lake had been impounded by the moraines of the
Langmoche glacier probably within the last 25 years. The lake
surface was about 50 ha in area, one-third was covered by an
ice mass about 300 m wide and 500 m long and the maximum
depth of the lake was 18 m. The moraine dam, which held the
lake, was 60 m in height at its lowest point consisting of two to
five m diameter boulders and gravel set within a mica sand
matrix of soil.

The Khumbu Himal valley receives little rain because of the
rain shadow effect of the neighboring high mountains. Good
weather prevailed on August 4, 1985, and solar radiation was
intense. The supply of melted water from the glacier must have
been high. Before the burst, the lake was full to its brim. Just then
an ice avalanche from Langmoche glacier fell  into the lake send-
ing a five m impulse wave across it. The Dig Tsho burst and with-
in four to six hours, the lake emptied into the Langmoche valley,
one of the tributary valleys of the river Bothe Kosi, which flows
along many Sherpa settlements.

Six mcum to 10 mcum of water plummeted along the Bothe
Kosi and then into the Dudh Kosi in four hours and the initial
peak discharge was at least 2,000 cumecs. The flood caused sig-
nificant damage for more than 80 km of the river’s course till the
confluence of the Dudh Kosi with the Sun Kosi. Eye witnesses
report that the flood surge moved down the valley like a huge
black mass of debris.

There were several separate surges. Many bridges were not

destroyed until 30-90 minutes after the passage of the initial
surge. Trees and large boulders were dragged and bounced
around, emitting loud noise “like many helicopters” and foul
muddy smells. Where the river flowed over bedrock, the topsoil
cover was washed off and the bedrock surface was polished at
river bends. Slopes, which were made up of loose material,
were subject to heavy undercutting, even if they had a good 
tree cover.

This caused landslides several metres deep and several tens of
metres high. It is quite possible that temporary damming of 
the river channel also took place because of landslides. Some
houses were toppled by the vibrations caused by the flood surge.
Lateral erosion destroyed several houses even if they were not 
situated immediately along the river bed.

In other places houses slid on to the river bed as a result of
landslides during the event or from progressive sliding that lasted
for days. Some 3.3 mcum of soil and rocks was moved around
within a distance of 40 km and about 10 to 15 per cent of this
was carried away further by the river.

All 14 bridges along the flow were destroyed, entire trails 
disappeared and mass erosion devastated trees, terraces and
houses. The nearly complete Namche hydroelectric power plant
was destroyed. Loss of human life, however, was remarkably low
because most people were at home to observe a festival.

Vuichard and Zimmermann argue that sudden outbreaks of
glacial lakes occur throughout the Himalaya and future occur-
rences must be anticipated. Glacial lakes are increasing because
of the continued thinning of glacier. Thus, it is likely that fre-
quency of outbursts will increase.

Many of the glaciers occur in deeply eroded basins at the foot
of high mountain cliffs. The lakes at their bottom can be reached
by avalanches from the slopes above. There are hundreds of
dammed water masses in eastern Nepal. In Khumbu Himal and
adjacent areas, many lakes of sizes comparable to Dig Tsho can
be identified.
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On August 4, 1985, the moraine-dammed Dig Tsho lake in Nepal burst and emptied out through a 60 m high breach, destroying 14 bridges in its wake and
creating enormous havoc.



Karnali, Indus, Sutlej and Brahmaputra — rise from the
watershed of one mountain, Mount Kailash. The fifth, Ganga,
emerges at Gangotri, about 60 km away.

Indus and Brahmaputra probably came into being 20 to
40 million years ago as the Greater Himalaya was being
formed to drain the new highland near Mount Kailash. The
Sutlej and Indus flow westward from their sources to meet on
the dusty plains of Pubjab and flow on into the Arabian Sea.
The Brahmaputra flows eastward along the boundary
between the Indian and Asian plates. It forms a loop around
the Himalayan mountains to flow through the narrow Assam
valley and finally link up with Ganga before entering the Bay
of Bengal. Together, the Ganga and Brahmaputra form a gar-
land around central and eastern Himalaya.

These awesome mountains and the mighty, perennial rivers
they give rise to have been the subject of more myths, legends
and prayers than any other mountains or rivers in the world.

Even though they are largely fed by the summer mon-
soons, these rivers remain perennial because of the huge
Himalayan glaciers. Without them, the Indo-Gangetic plains,
which support one of the highest densities of human popu-
lation in the world, would be a desert. But while the
Himalayan rivers have been a source of life, they have also
given birth to enormously destructive floods.

River discharges increase considerably during the mon-
soon. The flow is punctuated by sharp peaks of high flood
flows of short duration. Flows also vary sharply from one
year to another. Even in a large river like the Brahmaputra,
annual stream flow can be more than double in one year as
compared to another. As one scientist puts it, even major

Himalayan rivers often behave like mountain torrents.
As a result, averages of data collected over a short dura-

tion are often extremely erronous in the Himalayan context.
Recent studies conducted on the Beas, for example, show
that the flood data used to build the dam at Pong — one of
the biggest in the country — in 1974 was an underesti-
mate62. When the dam was being built, little hydrometeoro-
logical data was available. The data after construction shows
that the severest flood of 1947, which was used to determine
the design inflow flood for the dam, was exceeded in 1976,
1977 and 1978.

The hydrology within the Himalayan mountains is also
extremely complex. Recent studies show that most of the
rain that falls on Himalayan slopes gets turned into subsur-
face flows. Kumaon University scientists recently measured
surface flow from eight forested and five non-forested sites.
They found that only 0.3 per cent to 1.3 per cent of rainfall
got turned into surface flows. The non-forested sites had
greater surface flow but their magnitude was still very small.
They, therefore, concluded that most water that flows into
Himalayan streams comes from subsurface flows and that
surface flows are too small to play a significant role in either
causing floods or soil erosion. But because soil cover in most
areas is shallow and lies over soft, quick-weathering rock,
subsurface flows make the mountains greatly susceptible to
landslides.

A study carried out by scientists in Nepal concluded
that even heavy storms should not produce much surface
flow, including areas that have been deforested and 
converted into heavily grazed and trampled grassland. 
The team measured the infiltration rates at five sites with
different types of forest cover. The most degraded site
revealed the lowest infiltration rate in the top layer of the
soil — only 39 mm/hr — and a site with a well protected
pine forest showed the maximum rate of 524 mm/hr. But
available data revealed that few rainstorms would exceed
the infiltration rate even at the most degraded sites. Surface
run-off from these slopes would, therefore, be rare and
small, and the  presence or absence of a forest would do 
little to increase or decrease it64.

Other scientists have, however, argued that higher 
surface run-off has been seen in higher rainfall areas than
those chosen by the above team65. The controversy not with-
standing, the available evidence does show that subsurface
flows play an important role in Himalayan hydrology.

Soil erosion

All processes of soil erosion — surface erosion, erosion by
rivers and mass movements — are at work in the Himalaya.
Mass movements include dramatic processes such as land-
slides, mudflows, rock falls and rockslides. While surface
erosion is primarily a product of reduced vegetation cover,
mass movements are the result of gravity. While the first can
be influenced greatly by human action, the second is more
the result of natural forces.

Soil loss takes place on all slopes. But the intense soil ero-
sion in the Himalayan mountains can be gauged from  the
denudation rates prevalent in the region. Denudation rate is
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Table 20
Denudation rates in the Himalaya

Location Denudation rate
(mm/yr)

Himalaya 1.00 Regional

Ganges/Brahmaputra 0.70 From present rate of

watershed influx to Bay of Bengal fan

Hunza watershed 1.80 From sediment yield

Tamur watershed 5.14 From sediment yield

Tamur watershed 4.70 From sediment yield

1948-50

Tamur watershed 2.56

Arun watershed 1.90 1947-60

Arun watershed 0.51

Sun Kosi watershed 2.50

Sun Kosi watershed 1.43

Sapt Kosi watershed 0.98 From suspended sediment

Sapt Kosi watershed 1.00

Karnali watershed 1.50

Darjeeling area 0.5-5.0 Forested/Deforested

Darjeeling area 10-20 In catastrophic storms

Source:  33



a term used to describe the lowering of the landscape due to
soil loss. It is usually calculated in terms of mm per  year of
surface lowering averaged over a watershed. Regional
denudation estimates are usually derived by measuring the
sediment being moved out of the watershed by the main
river channel. The denudation rates in the Himalayan 
mountains are estimated to be “up to five times or more than
general estimates of erosion even in areas of steep relief”,
according to geographers Jack lves and Bruno Messerli in
their recent book Himalayan Dilemma. Several denudation
rates are available for different parts of the Himalaya. Despite
their wide range from 0.5 mm/yr to 20 mm/yr, these figures
are very high when compared with data from other parts of
the world. The Alps, for instance, have an overall rate of one
mm/yr. Figures above six to seven mm/yr are amongst the
highest ever recorded or estimated. The high denudation
rates in the Himalayan mountains indicate a very dynamic
environment in geological terms33.

Because of this, Himalayan rivers bring down enormous
quantities of sediment. Ganga carries 340 million tones (mt)
of sediments per year, Brahmaputra 650 mt and Indus 320
mt14. Ganga and Brahmaputra together have sediment yields
higher than any other river in the world except for Hwang-
Ho. Only one large river in Africa — the Orange — has a sed-
iment yield exceeding one t/ha and most North and South
American rivers have yields around one t/ha. But both Ganga
and Brahmaputra have annual sediment yields exceeding 10
t/ha66. Some of their tributaries have even greater sediment
yields like the Kosi and the Teesta (see Table 21).

According to one estimate, the world’s oceans receive
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Hydraulic calculations show that the presence or absence of a forest will
do little to increase or decrease run-off from Himalayan slopes. Water 
will run off over the surface in a grazed area and below the surface in a
forested area.

Table 21
Sediment yields of Himalayan rivers

River Sediment yield
(cum/ha/yr)

Ganga (at Farakka) 4.33

Arun 11.91

Sun Kosi 27.30

Tamur 60.76

Kamla 28.72

Kosi 16.32

Ramganga 17.30

Brahmaputra (at Pandu) 7.81

Dihang 7.95

Teesta 98.40

Burhi Dihing 17.73

Lohit 34.20

Manas 7.85

Subansiri 10.91

Pagladiya 31.40

Indus

Chenab 25.20

Sutlej 6.00

Beas 15.10

Source:  14,85



about 8,000 mt of sediments per year, of which over a 
quarter comes from the Ganga and Brahmaputra alone66.
Though undoubtedly high, data on sediment yields of these
rivers is extremely unreliable. Estimates of annual sediment
transport by the Ganga and Brahmaputra together range from
about 1,000 mt to over 2,000 mt (see Table 22). Often, mea-
surements are made during dry seasons when loads are low,
while rainy season floods carry maximum loads but are
extremely dangerous to measure. Moveover, the load mea-
sured is often only the suspended load. The bedload is now
regarded to have been grossly underestimated throughout
the Indian and Nepal Himalaya. Sand waves and dunes on
the Brahmaputra bed in Assam reach heights of 15 m and
lengths of 200 to 900 m, and can migrate downstream by as
much as 600 m per day. The bed load alone can amount to
10-20 mt a day — almost equal to the suspended load dur-
ing a flood66. Not surprisingly, sedimentation rates of reser-
voirs built in the Himalaya have invariably been higher than

those predicted prior to construction.
Yet, scientists are also finding that the Himalayan moun-

tains are remarkably stable. For instance, the mapping of
mountain hazards in certain parts of Greater Himalaya in
Nepal has led to the conclusion that, with the exception of
areas characterised by severe tectonic disturbance together
with susceptible rocks, the high angle slopes are remarkably
stable33. The common assumption that soil erosion in the
Greater Himalaya must be very high because of the high
slopes is not entirely true.
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Table 22
Sediment load of top five rivers of the world

Sediment load
River Location

John James Narayana
Holeman Coleman and Babu

1968 1969 1983
Source 86 Source 87 Source 68

(mt) (mt) (mt)

Yellow China 2080 - -

Ganga India/Bangladesh 1600 479 586

Brahmaputra China/India/Bangladesh 800 608 470

Yangtze China 550 - -

Indus India/Pakistan 480 - 106

Source:  68,86,87

Many areas with little grass cover during the summer become well covered with pre-monsoon showers. This rapid growth of grass cover probably accounts for
the low rates of surface erosion in the Himalaya.
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RISING RUBBLE: The Kaulagarh nullah near Mussoorie has received so much silt and rubble in recent years that the bridge across it is now nearly covered. The
level of the nullah bed has risen by 20 m in 70 years. (CSWRTI)
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One study even shows that surface erosion rates are usu-
ally very small, except in overgrazed pastures with sandy
soils. The low surface erosion can be explained by the rapid
spread of vegetation with the onset of the monsoon. Many
areas, which had less than 50 per cent grass cover in the 
pre-monsoon season became well covered with the 
pre-monsoon showers and light rains early in the summer
monsoon season33. Dry season trekkers would, of course, be
alarmed by the low ground cover then and anticipate severe
erosion during the monsoon. Studies carried out by Indian
researchers in the Lesser Himalaya also show very low rates
of surface erosion — 0.014 to 0.081 t/ha — even including
deforested sites63. Studies conducted by Central Soil and
Water Conservation and Research Training Institute (CSW-
CRTI) in the Siwalik hills do show high rates of erosion, espe-
cially in cases of extreme deforestation and heavy human
disturbance. But they also show that a grass cover or even a
natural fallow with grasses and shrubs greatly reduces run-off
and soil loss, almost to negligible levels (see Table 23)67.

In fact, a study conducted by the CSWCRTI shows that
the total quantity of soil eroded from the Himalayan moun-
tains is quite small in a nationwide perspective. The institute
estimates that the total quantity of soil eroded every year is
5,334 mt — an average soil erosion rate of 16.4 t/ha — of
which Himalayan mountains contribute only about 218 mt,
which comes to an average soil erosion rate of only about
four t/ha (see Table 24).

The Ganga, Brahmapura and Indus account for over half
of the silt load of all Indian rivers, but not even a fifth of their
silt load comes from Himalayan mountains. The black soil
region of central India alone generates an estimated 3,376
mt of eroded soil — an average rate of about 50 t/ha68.

Table 23
Effect of grasses on run-off and soil loss

Experiment Run-off as % Soil loss
of rainfall (t/ha/yr)

Experiment 1

Bare fallow 71.1 42.4

Bare and ploughed fallow 59.6 155.9

Natural grass 21.2 1.0

Grass cover 27.1 2.1

Experiment 2

Grass cover 0.6 0.1
(Pueraria hirsuta)

Grass cover 0.7 0.2
(Dichanthium annulatum)

Grass cover 0.9 0.3
(Chrysopogon fulvus)

Grass cover 1.9 0.3
(Eulaliopsis binata)

Source:  67

Table 24

Annual soil loss estimated in the Himalaya

Region Proportion Soil loss Total annual
of area per unit area soil loss

(%) (t/ha) (mt)

North Himalaya 100 neg -
(snow-clad region)

North Himalaya 100 0.16 1.6
(Alpine grass and
meadow region)

North Himalaya 25 NIL -
(forest region)

75 2.87 28.4

North-eastern Himalaya 25 nil -
(Alpine grass and 75 0.50 0.6
meadow region)

North-eastern forest 25 NIL -
region 50 2.87 23.2

25 40.95 163.8

Total Himalaya 4.16 217.6

India 16.35 5333.7

Source:  68

About 5,334 mt of soil are eroded every year in India. Some of it get
deposited in dams reducing their storage capacity and a large portion is
carried around by rivers and settles in their beds. The Ganga and
Brahmaputra alone account for a quarter of the sediment the world’s
oceans receive.
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The landslides

Many scientists, therefore, argue that mass movements like
landslides and catastrophic events like jokulhlaups may be
more important causes of soil loss in the Himalayan moun-
tains than surface erosion. For that reason, annual averages
are relatively meaningless in the Himalayan context. The silt
tends  to move more in explosive waves whenever there is a
catastrophic event than by averages. Landslides are the main
source of soil loss in central Himalaya, according to a study
by Kumaon University. They account for the bulk of the 
sediment load of the rivers. Geologist K S Valdiya points out
that massive landslide events like those of July 1970 in the
Alaknanda valley and of August 1978 in the Bhagirathi 
valley can bring frighteningly high quantities of sediment in
a very short period and upset all averages of data collected
over previous years14.

Another expert claims that catastrophic events in the
Teesta valley increase average denudation rates several
times33. Landslides are ubiquitous all over the Himalayan
ranges. According to R K Bhandari, a landslide expert,
Himalayan landslides continue to throw a challenge of such
a magnitude that all tools and techniques of analysis and
control in the armoury of a landslide specialist pale into
insignificance44.

Landslides in western Himalaya have affected 
vital roads, river valley projects and urban and rural 
settlements22. Landslides are common also in the 
north-east. The Geological Survey of India has prepared a

The north-east is very landslide-prone because of weak geology, intense rain-
storms and earthquakes. Large part of Arunachal Pradesh, Nagaland,
Manipur and Mizoram suffer from severe landslide problems.

Table 25
Landslide dams on Himalayan rivers

Year Event

1841 A huge rockmass from Nanga Parbat fell into the Indus and
formed a lake 64 km long. Few months later the dam burst.

1846 Due to massive landslide, the flow of the river Kali stopped
for several hours.

1957 A massive landslide blocked the Nandakini river for three
days.

1968 A landslide lake near Jhinjhee in the Birahiganga valley
burst and killed 73 persons at Chamoli.

1893 Gohana slide hurtled down several thousand metres into
the Birahiganga in October 1893 and filled up the river bed
to a height of 350 m. The lake formed was five km long and
two km wide. On August 24, 1894, a part of the dam 
toppled raising the water level by 50 m at Srinagar. The
town of Srinagar was completely destroyed. Two days later,
the level of the river Ganga rose by four m at Haridwar.

1950 Widespread landslides blocked the Brahmaputra and its
tributaries following a major earthquake.

1957 A long lake was formed by the landslide debris brought by
the Dronagirinala near Bhaphund.

1968 Floods in Rishiganga created a 40 m-high blockade near
Reni village. The lake silted up by May 1970 and eventually
the blockade was breached in the July 1970 floods.

A landslide dam at Labubensi in Nepal on the Burhi
Gandaki river broke and caused disastrous flooding 
downstream.

Widespread landslides on the Teesta caused death and 
devastation all over Darjeeling and Jalpaiguri.

1970 The narrow gorge of the Patalganga got chocked and a more
than 60 m-high reservoir was built up. The bursting of this
dam resulted in a flood pulse in the Alaknanda valley which
triggered off many more landslides. The village of Belakuchi
was washed away.

Floods in the Birahiganga triggered several landslides 
causing a major blockade of river with a 10-12 m afflux. The
Gohana Tal was completely silted up.

1976 Nandakini river blocked for hours due to massive 
landslides.

1978 Kanodia Gad, a petty tributary joining the Bhagirathi river
upstream of Uttarkashi, spread a debris cone across the main
river impounding it to a height of 30 m. Breaching of the land-
slide caused havoc due to flash floods. A 1.5 km-long and 20
m-deep lake was left behind by the landslide dam.

1979 River Saraswati was blocked by an avalanche near Mana 
village. The water level rose up by two m.

1981 River Tinnau in Palpa district, Nepal, was blocked by a 
landslide during prolonged rains in September 1981. The
breaking of the dam killed 200 people downstream in the
Terai region.

Source : 27,60,77

Landslide-prone area in the north-east



map of the north-east to depict the distribution and 
intensity of slide processes. The map shows that large parts
of Arunachal Pradesh, Nagaland, Manipur and Mizoram
suffer from severe susceptibility69.

Numerous factors inherent in Himalayan ecology —
weak geology, intense rainstorms and earthquakes — make
these mountains prone to landslides. It is intense rainfall that
usually acts as the trigger. heavy or prolonged rains often
reactivate old landslides27. A study in a watershed in Nepal
found that the maximum number of landslides occur during
the monsoon. As there were no lansdslides at other times,
seismic shocks by themselves cannot be the main cause in
regions away from the epicentre9.

As water generally flows down Himalayan slopes in the
form of subsurface flows, and because the soil mantle is 
usually shallow and rests on soft, fast-weathering rock,
Himalayan slopes are inherently susceptible to landslides63.

Experts of the Central Road Research Institute claim 
that experience in the Himalaya has taught them that a
carefully designed drainage system has invariably proved
to be the most effective measure in preventing or correct-
ing a landslide.

Apart from bringing down large quantities of sediments,
landslides become a major cause of devastating floods
because they block the narrow gorges. Maps and aerial 
photos can be used to locate sites where such natural dams
can form. They are normally marked by a sudden change in
the gradient of a tributary stream, constriction at the point of
confluence and weak geological conditions in the  catch-
ment of the tributary. The formation of landslide dams is
common in the Himalaya (see Table 25).

The high sediment flows resulting from landslides can be
totally eclipsed by jokulhlaups in the Greater Himalaya
which are now being recognised as of considerable impor-
tance for sediment transfer to the Ganga plains over longer
geological periods. The 1985 moraine dam outburst in Nepal
removed about 0.9 mcum of material, most of which was
redeposited within about 25 km. Subsequent rainstorms will
carry away the coarse material further downstream.
According to geographers Jack lves and Bruno Messerli, the
enormous silt brought down by the Kosi could be the result
of periodic jokulhlaups in its headstreams like Dudh Kosi,
Sun Kosi and Arun33.

John F Shroder Jr, professor of geology at the University of
Nebraska, claims that all the 17 known major historic floods
on the Indus were the result of breaking ice or landslide
dams, In january 1841, an earthquake triggered a massive
landslide from the Hatu Pir spur of the Nanga Parbat moun-
tain into the Indus. The landslide was 1.9 km high vertically
and covered a horizontal distance of about four km. The
resulting 150 m-deep reservoir on the Indus backed up water
30 km upstream to the confluence of the Hunza and Gilgit
rivers. As the impounded Indus rose, other  rock slopes failed
and made giant waves in the lake. When the landslide dam
finally failed in June 1841, it sent a wall of water, mud and
rocks roaring out of the Tarbela gorge.

“In the course of our recent search for the original 1841
rockslide dam, we discovered many large dams,” says Shroder
Jr. Another major landslide blocked the Hunza river in 1858 at
Pungurh. When the dam broke, it caused  significant flooding
downstream and large failures have continued on both sides
of the valley ever since47.
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Increased infiltration and recharge
of groundwater
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IMPACT OF HUMAN INTERVENTION

Evidence clearly indicates that the Himalaya-Brahmaputra-
Ganga-Indus system is one of the world’s most dynamic
mountain building and sediment transfer systems33. The ongo-
ing processes have combined to create a high mountain land-
scape of utmost complexity. Over this landscape, human
activity has wrought enormous ecological changes over the
last few centuries. Large areas have been deforested, agricul-
ture has expanded, vast networks of roads have been built
and numerous dams have been constructed or are under con-
sideration. Many environmentalists believe that this is
increasing floods downstream.

But how true are these beliefs?

Impact of deforestation

The environmentalists’ theory is that forests act like a sponge,
absorbing large quantities of water during the wet season
and gradually releasing it. Forests also reduce erosion and
landslides. Therefore, if the Himalayan slopes can be
afforested, the destructive flood-drought cycles that have
been unleashed can be arrested.

Impact on water flows

Forests influence the hydrological cycle by:
i) intercepting rainfall and allowing it to evaporate back

to the air;
ii) transpiring large quantities of soil moisture and 

keeping the soil dry;
iii) creating soil conditions that allow greater infiltration of

water into the ground; and
iv) reducing peak water flows during a rainstorm.

Interception

Rainfall on a forest canopy is caught by leaves and 
branches. It evaporates as it moves towards the forest floor.
Interception loss — the amount of rain water intercepted 
by living and dead plant material and evaporated back 
to the atmosphere — is influenced by wind, rainfall intensity
and type and density of vegetation. Very light rainfall can 
be totally intercepted while heavy rainfall will rapidly saturate
the forest canopy and most of it will get transmitted to the 
forest floor. Experiments show that interception loss  is 
governed more by rain intensity than tree species (see 
Table 26).



In a forest of sal (Shorea robusta), interception loss was 37.3
per cent of rainfall during a light shower (4.2 mm), and 4.1 per
cent during a heavy shower (140.3 mm). As the quantity 
of intercepted water is small during a heavy rainstorm, 
interception by forests will have little effect upon major floods70.

Evapotranspiration

The combined loss of water by evaporation from the soil and
transpiration through plant leaves is termed evapotranspiration.
While forests will normally reduce evaporation from the soil,
they will increase transpiration. Evaporation form land covered
by a forest usually ranges from 10 per cent to 80 per cent of that
from bare soil. But in most cases transpiration loss from a good
forest more than offsets the reduction in evaporation.

Transpiration depends on various environmental factors and
trees species. Shallow rooting trees such as spruce 
and poplar have only 1.5-two m deep roots, whereas deep
rooting trees like oak and pine reach four-six m depths. Deep
rooting trees transpire large quantities of water, sometimes as
much as the entire amount of rain that falls over a year.
Transpiration rates of well stocked forest lands can be over
twice that of crop lands and five times that of meadows. Studies
on evapotranspiration in different types of forests have not been

undertaken in India. But an evapotranspiration estimate for the
Damodar catchment, which has 1.87 mha of dry deciduous
forests puts it at 560 mm/yr — about half the annual precipita-
tion in the area70. In other words, trees almost act like pumps
and hence, afforested catchments normally have reduced
stream flows compared to deforested ones. Experiments on
small watersheds across the world have shown that deforesta-
tion results in increased annual water yield — usually between
20 per cent to 40 per cent70.

Infiltration

Infiltration is the process by which rain water enters the soil.
Leaf litter and vegetation greatly increase the organic matter
content of the soil and improve its structure increasing its
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Table 26
Rainfall interception by an oak forest in Dehra Dun

Rainfall Interception 
(mm/day) (as % of rainfall)

0-10 mm Low 74.1

10-50 mm Medium 37.1

50-100 mm High 17.3

Over 100 mm Very high 6.9

Source:  88

Forests provide a layer of decaying organic matter (leaf litter).
Associated with tree roots this makes the soil more conducive to 
infiltration. But the rate of infiltration falls once the soil is no longer dry.
Therefore, forests fail to have a great effect on water flow in case of 
prolonged and intense rains.

The chos are streams originating in the Siwaliks, which carry immense
amounts of silt. The river beds rapidly become wide and shallow. Following
extensive deforestation, the chos, once perennial, have become seasonal. The
widening of their beds has increased the area under chos from 19,282 ha to
0.2 mha in Hoshiarpur district.

Infiltration rates in forests and cultivated lands
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Infiltration rates under forest lands are higher than under agricultural lands
in the first few hours of rain. But they drop rapidly if rain continues.



infiltration capacity. Infiltration rates under forest lands are
higher than under cultivated lands in the first few hours of
rain. But they drop rapidly if rain continues. Therefore, infil-
tration rates will be low during intense and prolonged rain,
and afforestation will not make much difference. Infiltration
rates also depend on the nature of the soil. For instance, infil-
tration rates in sandy soils are invariably high, whether they
have a forest or not70. The high rate of evapotranspiration by
forests increases storage space of moisture in the soil. Tree
roots leave the soil in a more receptive condition to accept
water during rainfall. Infiltration can be total in a forest area
when the soil is dry and deep and only a short, light rain
occurs. But it is small when there is heavy and prolonged
rainfall, especially on wet, shallow soils71.

The observations

The overall impact of a forest on the hydrology of a parti cular
site, therefore, depends on the interaction of a number of
factors — the type, number and density of trees, the state of
leaf litter, soil characteristics, intensity and duration of rain,
and various environmental factors. 

Dry season flows of Himalayan rivers have decreased
after deforestation. C K Sharma of the Water and Energy
Commission of Nepal points out that “most Terai rivers,
which previously contained water during the lean season,
are now found to be dry during winter. Such effects are also
seen in the rivers of the middle hills of Nepal. The low flow
discharge of the Tamur river has decreased considerably in
the last few years and this is mainly due to largescale 
deforestation in the upper valley”59. Indian observers claim
that the chos of the Punjab Siwalik, once perennial streams,

have become seasonal ones. Chos today seem to carry more
mud and silt than water. They disappear after about 20-25
km from the foothills. Their beds silt up rapidly. The 55 km
Swan river in Himachal Pradesh now has a width of two km
and its muddy torrent cuts into hills, washing away fields.
Cho beds which covered only 19,282 ha in 1852 in
Hoshiarpur district of Punjab, now cover over 0.2 mha42.

Unfortunately, quantitative data about changes in 
streamflows is not available and such evidence is usually
anecdotal. Studies carried out by the CSWCRTI on small
watersheds confirm that afforestation reduces total volume
and peak rate of surface run-off; and streamflows last for a
longer period after the cessation of rains.

A study by CSWCRTI in the Dehra Dun region found that
the volume of run-off went down by 28 per cent after afforesta-
tion and the peak rate of run-off was reduced by 73 per cent72.
Another study compared an agricultural watershed with a for-
est watershed subject to open grazing. Even this experiment
showed that the volume of run-off was 15 per cent lower in
the latter and the peak run-off rate 72 per cent lower73.
CSWCRTI’s efforts to afforest and treat the 
eroded catchment of the Nalota Nala near Dehra Dun, which
used to dry up soon after the monsoon, has resulted in stream-
flows for longer periods. In other words, a sponge effect does
come into operation with afforestation which reduces peak
run-off rates and prolongs dry season streamflows.

The contradictions

Yet several experts do not accept the contention that afforesta-
tion of the Himalaya will prevent major floods in the Indo-
Gangetic plains. Major floods occur during intense and pro-
longed rainstorms, when the watershed gets saturated and
both interception and infiltration effects are minimised71.
Often major floods occur late in the monsoon season when
watersheds are near saturation. No data exists to assess the
impact of forests under such conditions compared to the
impact of natural factors such as the intensity of the rain and
size, shape and geology of the river basin, and human
induced ecological changes in the flood plains themselves.
Moreover, most experiments (like the one cited above) have
been conducted on small watersheds while several experts
argue that hydrological responses of large watersheds can be
different. Subsurface flows in large watersheds may be sub-
stantially different than in small watersheds. Data collected
from experiments on the latter possibly explain local effects
better than largescale regional effects70.

As Lawrence Hamilton, a watershed expert at the East
West Centre in Hawaii puts it, a good forest cover in the
Himalaya constitutes the safest land use to reduce floods but
if deforestation is replaced by terraced agriculture and well
managed grasslands, there should be little effect on down-
stream floods. Only if deforestation results in an extremely
abusive land use in the form of intensely overgrazed grass-
lands which lead to heavily compacted surface soils, eroded
and gullied terraces, and roads and channels which speed
water run-off on a sufficiently extensive scale across the river
basin, downstream floods could get aggravated71.

Undoubtedly, forests are being replaced by an abusive
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Forests reduce peak run-off from small watersheds during high intensity
storms by 10 to 20 per cent through interception and infiltration. Major
floods, however, occur during intense and prolonged rainstorms when 
the watershed is saturated and infiltration and interception effects are 
minimised.



land used in many places in the Himalaya. But again there is
no quantitative data to show how extensive is this adverse
land use and to what extent is it affecting hydrological con-
ditions. As yet, studies carried out both in India and Nepal
show that infiltration rates even on deforested sites, includ-
ing those which have been converted into heavily grazed
and trampled grasslands, are sufficiently high. Afforestation
will, therefore, have a limited impact in terms of changing
hydrological conditions63,64.

Unfortunately, such studies are very few. More studies are
needed in different parts of the Himalaya. But existing studies
do caution us towards beliefs that Himalayan deforestation has
greatly exacerbated floods over and above  natural causes.

A FAO publication summarises the impact of afforesta-
tion on floods with the help of a graph that presents the prob -
ability of a flood of a certain size occurring under different
levels of forest cover in the watershed. The chart, though not
prepared specifically for Himalayan conditions, shows that
major floods expected to occur once in 15-20 years will not
be affected whether the watershed has a forest cover or not.
But the peak discharge of floods that occur more frequently
(say, once in two years) could more than double. In other
words, forests can moderate minor and medium floods. 
But human society will have to learn to live with the 
major floods74.

Impact on soil erosion

Will afforestation reduce soil erosion and arrest the rapid silt-
ing up of river beds in the Indo-Gangetic plains? Forests
have a significant influence on surface erosion and sedimen-
tation of rivers. The existence of a forest canopy and,  equal-

ly important, litter on the forest floor, breaks the impact  of
raindrops on the soil. Moreover, tree roots and increased
organic matter in forest soils impart stability to them.

CSWCRTI studies have shown increased rates of surface
erosion after deforestation. In some cases, they have reported
rates as high as 80-156 t/ha/yr from small, deforested water-
sheds in the Chandigarh-Dehra Dun region75. But such cases
seem to be restricted. CSWCRTI’s other studies do not show
such high rates of erosion everywhere in the Himalaya —
between two-five t/ha73. Surface erosion in non-forested sites
in central Himalaya also appears to be low63.

Watershed expert Lawrence Hamilton further argues that
soil erosion rates found in small watersheds will not hold
true for large watersheds. For instance, 90 per cent of the 
soil eroded in any year from a one ha watershed will be
delivered outside the watershed by streams in that very year
itself. But this sediment delivery ratio may be only 50 per
cent for an 80 ha area and less than 30 per cent for a
drainage area over 500 ha. For a catchment of the size of
that of the Ganga, the sediment delivery ratio will probably
be only 10 per cent. Most of the silt in the river comes from
soil already deposited in the channels and from channel 
erosion. Even if all human activity was closed in the
Himalaya and, as a result, all surface erosion hopefully 
came to a halt, the sediment load of the rivers in their lower
reaches would show little change for a long time. The stores
of eroded soil from the past would continue to feed the
rivers. In other words, if afforestation was undertaken today,
it might improve local conditions within a few years but silt
loads in the large streams will not decrease for decades76.

Geographers Jack lves and Bruno Messerli, in fact, argue
that silt loads in major rivers may not decrease substantially
at all. The increased erosion rates due to deforestation still
do not match the levels of soil loss reached in the Himalaya
because of mass movements like landslides and other 
catastrophic events. These processes are so predominant 
that human activity has a limited impact in the dynamic
environment of the Himalaya33.

But if landslides are a major cause of soil loss in the
Himalayan mountains, will afforestation reduce them?
Scientific evidence shows that tree roots anchor the tree and
the soil itself, greatly increasing the shear strength of the soil
and preventing it from slipping down. When the soil is satu-
rated with water during a heavy rainstorm, 80 per cent of the
strength comes from tree roots. Loss of this shear strength by
clearing forests can easily trigger shallow slides  in areas
prone to mass movements71. Afforestation of landslide-prone
areas in the Himalaya will definitely increase slope stability.
Because of their heavy evapotranspiration rates, forests will
keep the soil relatively dry and lower  the water table. Soon
after the 1968 rainstorm in the Teesta valley, a scientist found
that landslide rates on non-forested tea slopes was 10 to 20
times higher than on forested slopes. Forests played the ‘most
important’ role in inhibiting shallow landslides but had no
effect on ‘deep landslides’77.

But several scientists also argue that forests cannot 
override the natural factors that cause landslides, especially
in the Himalaya. A survey carried out in Kalimpong follow-
ing the 1954 disastrous flood of north Bengal found that the
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The above chart, though not prepared specifically for Himalayan conditions,
shows that major floods expected to occur once in 15-20 year will not be
affected whether the watershed has a forest cover or not. But low floods can
occur much more frequently with deforestation. Human society will have to
learn to live with major floods.



primary cause of the landslides surveyed was susceptible
geology. Human factors like deforestation, overgrazing and
cultivation of slopes were subsidiary causes77. Another
study of landslides along the Sun Kosi and Tamur rivers con-
cludes that they have been mostly caused by unfavourable
geology and heavy rainstorm though deforestation did 
play a role78. An airborne reconnaissance of Nepal has con-
cluded that 75 per cent of all landslides observed were
caused by natural factors like geological structures and 
certain susceptible rock types33.

Landslides tend to come in cycles. After a large landslide,
there will be a period of relative stability. Then a large 
number of landslides will occur almost simultaneously on
otherwise long undisturbed slopes. A triggering mechanism
is invariably needed which can be a catastrophic rainstorm
or a large earthquake. Such landslides will take place even
on heavily forested slopes.

Largescale landsliding is followed by stability presumably
because time is required for the bedrock to weather and a
layer of topsoil to accumulate before the next major slope
failure can take place. Climax soils can sometimes never
develop on steep mountain slopes because the slopes are too
unstable to allow a mature soil cover to evolve.

The results

Jack lves and Bruno Messerli argue that forests will not be
able to prevent major landslides, which occur more because
of steep slopes and other natural factors like weak geology,
seismicity and intense rainstorms. They can postpone the
occurrence of major landslides but not stop them. Forests, as
compared to razed and bare slopes, will get destabilised less
frequently and therefore, small, shallow landslides will be
prevented. But this will only facilitate the production of a
deeper mantle — a thicker layer of topsoil — and ensure a

larger landslide in the future. Thus, the overall soil loss over
a longer time scale will be the same with or without forests33.
In other words, sooner or later major landslides will take
place and Himalayan rivers will bring down enormous quan-
tities of silt during intense rainstorms. The Ganga and
Brahmaputra will continue to carry a higher sediment load
than most other major rivers worldwide and riverbeds will
continue to silt up in the Indo-Gangetic plains.

According to geologist K S Valdiya, scientific investigations
show that the current rate of erosion in Himalayan catchment
areas is five times higher than that of the geolo gical past.
While the current denudation rate is about one mm/yr, over
the last 40 million years it has only been 0.21 mm/yr,14.
University of Guwahati geographer D C Goswami has also
calculated that the present rates of denudation in the eastern
Himalaya are far higher than the past rates. Goswmi’s studies
show that about 20 per cent of the silt gets trapped in the
Assam valley. The Brahmaputra valley in Assam is 5.62 mha
in area and it has received a mass of sediments 200-300 m
thick in the last two million years which gives an average rate
of denudation of 0.03 mm/yr over this geological period. But
this is only about one-fiftieth of the rate of denudation
observed in the last 30 years79.

Is it possible that current rates of erosion have increased
because of deforestation and other human interventions?
Goswami argues that the present high rate of denudation is
mainly because of ongoing upliftment of the mountains.
Though various estimates exist, there is a convergence
around seven mm/yr. The current rates of denudation, how-
soever high in comparison with other mountain systems, are
lower than the rates of Himalayan uplift. According to John
F Shroder Jr, modern rates of Himalayan uplift are, in 
general, about eight times greater than the average rate of
denudation47.

The higher a mountain rises, the steeper will be its slopes
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Table 27
Land use in Himalaya (1985-86)

State/Region Geographical Reporting Barren and Culturable wastes, Net Forest
area area uncultivable fallows, pastures and sown area

land land under tree crops area
(mha) (mha) (mha) (mha) (mha) (mha)

Jammu and Kashmir 22.221 4.51 0.57 0.46 0.73 2.75

Himachal Pradesh2 5.57 5.07 0.94 1.45 0.55 2.13

Uttar Pradesh hills3 5.11 5.30 0.32 0.86 0.69 3.44

Sikkim 0.71 0.71 0.27 0.09 0.10 0.26

Darjeeling hills 0.31 0.38 0.18 0.02 0.07 0.11

Arunachal Pradesh 8.37 5.49 0.06 0.16 0.12 5.15

42.29 21.46 2.34 3.04 2.26 13.84
(100%) (11%) (14%) (10%) (65%)

Notes: 1Includes area under occupation of China and Pakistan.
2Year of data not known.
3Data relates to 1986-87.

Source:  18,89 for Uttar Pradesh hills, 89a for Darjeeling hills and 89c for Himachal Pradesh



62 India’s Environment

STURDY SLOPES: Terrace farms contribute to the upkeep of slopes as farmers treat the land to prevent it from slumping and erosion. At times they resort to
deintensification of land use to help terraced farms recuperate. (Anil Agarwal/CSE)

and the gradient of its valleys. This will result in greater 
surface erosion, mass movement and erosion of stream 
valleys. When these steep slopes have to face heavy rain-
storms and earthquakes, erosion will intensify further.
Therefore, scientists believe that there are major geological
reasons to explain the increased erosion in the Himalayan
mountains over geological history.

Impact of agricultural expansion

Expansion of agriculture in the hills has often been blamed
for increased destabilisation of slopes, soil erosion and
floods in the Indo-Gangetic plains. Geologist K S Valdiya, 
for instance, points out that pressure of the population has
driven people to greater heights and steeper slopes, even
above 2,000 m, to cultivate what were once forested tracts.
Most of these villages and farms are located on the fan-
shaped debris of old landslides made of loose, fragmentary
material and not very stable. Their cultivation has deprived
these slopes of protective cover resulting in increased 
erosion and water-logging due to ingress of excess rainwater,
especially in the absence of drains14.

Popular perception also blames the poor farmers of the
Himalaya for ecological destruction. Former Indian Prime
Minister V P Singh in an interview to The Illustrated Weekly
of India in 1989 said: “It is tragic to see the Himalaya now. I
have flown over them many times in helicopters and seen
the denudation of the forests. The mountains have been 
terraced by human hands, not bulldozers! You have to see it

to believe it. The sheer human effort involved! The way they
have gone about cutting down the trees and destroying the
environment.”80

But many scientists do not believe that agricultural farms
have become a major source of erosion. A team recently 
studied two mountain streams in Nepal to assess the impact of
human action on them. They found that the only impact on
these streams was that their channel width in the uppermost
eight kms got constrained because of the construction of agri-
cultural terraces, especially masonry walls. The stream, there-
fore, adjusted itself to cutting a deeper channel. No landscape
modification because of the activities of the local subsistence
farming community could be noticed further down.

Terrace farms

Jack Ives and Bruno Messerli are particularly critical of those
who believe that terraced farming is leading to considerable
erosion. They cite, for instance, a report by the Asian
Development Bank (ADB) on Nepal, which states, “Terraces,
especially on rainfed land, are often poorly constructed; they
are outward rather than inward sloping and  do not have a
grassed bund on the edge.” Ives and Messerli explain that
bari or rainfed terraces in Nepal mostly support maize, 
millets, buckwheat and other crops. Constructed usually on
the upper, steeper slopes  with no irrigation facilities, they
slope outward from the hillside so that crops are not 
damaged by water-logging. Local farmers are aware that
accumulation of water on terraces — that would result from
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Experiments conducted with small watersheds show that soil conservation measures can reduce water run-off rates from agricultural lands very substantially.

Hydrological effects of land treatment

inward sloping terraces — would exacerbate landslides.
Furthermore, annual repair of terraces would  increase. The
summer monsoon rain is intended to run down the outward
sloping terraces. Absence of a a bund on the bari terraces (in
contrast to the khet, or irrigated, terraces) is deliberate and
ensures rainwater run-off.

Both bari and khet terraces are, for the most part, superbly
engineered in Nepal, claim Ives and Messerli. “Admittedly,
during heavy monsoon downpour, available human energy is
concentrated on repairing damage to the khet and irrigation
systems, and the bari terraces may have to be left to collapse;
this is because the much higher yielding khet terraces, 
usually under paddy rice, are more vital to the survival of the
subsistence family. Any apparent neglect of the terraces may
be due to shortage of available labour rather than a reflection
of the ignorance of the farmer,” claim Ives and Messerli.

English mountaineer H W Tilman had observed in 1952:
“Whether it takes place little by little or in one swift 
calamity, soil erosion is generally attributed to man’s careless
greed, his idleness or neglect. It would not, I think, be fair to
blame the people of these valleys on the Himalayan fringe
for the frequent landslides which occur here. In turning the
steep slopes into fruitful fields, they have neigher been lazy
nor neglectful.” Ives and Messerli, in fact, argue that the sub-
sistence farmers are highly knowledgeable and intelligent
land managers with a wealth of accumulated, traditional

wisdom. They recall the time when they were themselves not
prepared to listen to them: “As somewhat representative of
expatriate experts making short visits, we were able to
observe the middle mountains of Nepal from brief road 
traverses out from Kathmandu in 1978 and 1979. Like many
other visitors, we timed our presence to coincide with good
weather — March, April and October — and were duly
impressed with the large number of landslide scars and 
gullies that obviously had engulfed significant amounts of
agricultural terrace land during the preceding summer 
monsoon periods. Since the project necessitated repeated
visits of considerable duration to the field area throughout
the agricultural cycle over a five year period, we were 
afforded the hitherto uncommon perspective of time. We
were also able to develop communication with the 
subsistence farmers. This gave us a greater understanding of
the landscape changes that have been occurring over 
several generations and an appreciation of local attitudes to
dynamic slope processes and local responses to them.”

Human contribution

It soon became apparent to them that many landslide scars are
eventually reterraced and stabilised and irrigation systems are
repaired. Thus, human beings contribute to the stabilising
process of the slopes. In certain instances, local people 
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STABILISING SLOPES

Himalayan farmers are no fools even though it is widely believed
that their agricultural practices have made Himalayan slopes
more prone to landslides. Studies carried out by Sumitra Gurung
of the International Centre for Integrated Mountain Development
in Kathmandu and several other researchers show that local 
peasants are rich in environmental knowledge and contribute to
the stability of the slopes.

In the mountains, the population density per unit of 
cultivated land is, in many cases, even higher than that of
Bangladesh. In recent years, there has been both an expansion
and intensification of agriculture. Villagers in the Pokhara valley
told US scientist Robert Schroeder, who studied the changing 
pattern of agriculture and  pastoralism in Nepal, that when they
were children, upland fields were either single cropped or 
double cropped with low management crops. Currently, they are
being triple cropped with high management crops and are also
being intercropped to maximise yields1.

Himalayan farmers maintain a cropping diversity to minimise
the risk of crop failure. Schroeder found that one village in 1979
was growing over 50 distinct varieties of wet rice. If dry rice and
other crops were included, they were growing over  75 varieties.
In addition, they grew a wide range of vegetables, chillis,
oilseeds, fruits and lentil species. Over 150 different plant species
or species varieties were thus grown in one village in a year.

Schroeder also found that the farmers often tested crop 
varieties brought from other areas and different crop management
techniques. In Nepal, a village can farm land over a vertical range
of more than 1,500 m. According to Schroeder, farmers utilise
very developed land and plant classification schemes to match
cropping patterns and crop varieties with each of the small fields
that they farm. In the process, the peasants have transformed the
middle mountains leaving little of the original vegetation. Farmers
in Nepal distinguish six different types of land 
use — khet (wet terrace), bari ( dry terrace), pakho (untilled and
infertile land), charan ( grazing land), ban (forest) and gaun
(settlement)2. Khets are highly valued terraces since they yield
two key staples, rice and wheat. They require heavy labour for
upkeep and irrigation control. Baris are rainfed terraces on 
higher elevations. They yield maize, legumes and other staples.
Maintenance is easier but these terraces are prone to erosion 
and sliding due to weak soils. Pakho is untilled land, which is
usually rocky or too infertile and steep to be cultivated. Charan is
the commonly used grazing land, which often contributes 
landslides due to overuse and lack of upkeep.

Farmers have developed ways of dealing with the problem,
especially through the deintensification of land use. When khet
terraces are threatened with erosion or sliding, they are left
uncultivated till they can be reused. Deintensification of khet to
bari and bari to pakho in response to slumping terraces results  in
lower yields, but farmers do it to save the land (see Figure). 

When farmers are alerted to signs that their terraces may 
fail by development of cracks (dhanja), slumping (bhasinu) or
undercut wall sections, they may, in response, shift to a lower
intensity of land use. In the case of a khet, they may decide to 
discontinue irrigation in order to reduce soil saturation and  plant
rainfed crops. In the case of bari, the field is left uncultivated until
the terrace either collapses or is judged to be out of danger.

Pressing household needs result in an overall tendency to
upgrade all agricultural land, that is, from pakho to bari and from
bari to khet. Kirsten Johnson and his colleagues who studied envi-

ronmental knowledge in Nepal say, “While some outside
observers argue that this is precisely the process that leads to
heightened hazard potential, from the farmers’ perspective, the
more valued the land, the more effort will be expended in its 
protection.” The farmers realise that increasing population, tree
felling and land use changes have increased the landslide 
problem compared to what it was a generation ago. But they
argue that one of the main reasons for increased damage has
been the construction of roads and buildings.

Though they would also like to put in more erosion control
measures they cannot afford them. For instance, gabion structures
(barriers of earth and stone encased in wire netting)  appeal to
them more than afforestation, but they are too poor to make such
structures.

Government agencies must take heed of people’s own know-
ledge and of the circumstances which force people to take certain
actions they know may exacerbate the hazards. They must work
with the people for effective measures against impending hazards.

Intensive land use can contribute to landslides. Himalayan farmers deal
with this by deintensifying land use by shifting from khet (wet terraces)
to bari (dry terraces) and from bari to pakho (rocky land) in response 
to slumping terraces, even though this leads to poorer yields. And 
wherever possible, they try to upgrade the productivity of their lands.
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Table 28
Roads in the Himalaya (1984)

Region/State Area Total road length Surface road length

Actual Density Actual Density
(sq km) (km) (km/sq km) (km) (km/sq km)

Jammu and Kashmir 222,2361 12,812 0.06 7,434 0.03

Himachal Pradesh 55,673 21,279 0.38 4,948 0.09

Himachal Pradesh 55,673 21,279 0.38 4,948 0.09

Uttar pradesh hills2 51,125 NA NA 12,423 0.24

Sikkim 7,096 1,291 0.18 1,229 0.17

Darjeeling hills3 3,075 NA NA 69 0.03

Arunachal Pradesh 83,743 12,778 0.15 2,050 0.02

422,948 48,160 0.134 28,153 0.07

Notes : 1Includes area under occupation of China and Pakistan
2Data relates to 1980-81
3Data relates to 1981-82
4Road density only of states for which data is available

Source: 89b, 89c for Uttar Pradesh hills and Darjeeling hills

perceived a landslide to be a beneficial occurrence because
the more easily worked earth of the landslide scar actually
facilitated terrace construction. Small landslides were some-
times deliberately triggered by water diversions in order to
facilitate new terrace construction. The indigenous farmers
have evolved an intricate set of coping strategies that include
changes in land use to match changes in slope stability and
subsequent reterracing of collapsed slopes. Agricultural dein-
tensification often takes place as an adjustment to the threat of
slope instability.

Between 1978 and 1987, Ives and Messerli made frequent
visits to Kathmandu and took repeat photographs of the 
same landslide scars. An inherently unstable landslide scar
photographed in 1978 had become almost invisible by 1987
and the new terraces that had been made on the original scar
were supporting vigorous crops of maize and rice in 1986.

It is not true that there are no problems of landslides, 
gullies and soil erosion in the Himalaya. But the available
knowledge does show that as human population numbers
have increased, leading to conversion of forested land to
agricultural terraces on steeper and more marginal slopes,
more human energy is being spent to maintain a balance
between stability and instability. The indigenous population
has not been losing ground as rapidly as has been assumed.
The local farmers definitely do not enjoy landslides which
destroy houses, human lives and livestock. The terror of
sleepless nights in small houses on steep slopes during 
periods of torrential rain cannot be dismissed lightly. But at
the same time some of the most densely populated and
extensively terraced land in the lesser Himalaya probably
experience some of the lowest rates of soil erosion and land
loss. A very real danger of soil erosion and slope collapse
would arise if such areas were abandoned. It is, therefore,
not correct to blame local farmers for all these ills.

Studies by CSWCRTI confirm that conversion from forest
to agricultural land use need not necessarily have a negative
impact on either soil loss or water yield. Soil loss in an agri-

cultural watershed treated with soil conservation measures
dropped from 2.4 t/ha/yr to 0.2 t/ha/yr, volume of run-off
dropped from 44 per cent of rainfall to two per cent of rain-
fall, and peak rate of run-off also dropped dramatically. As
compared to a neighboring forest watershed, the treated agri-
cultural watershed had only 28 per cent of volume of run-off
and the peak rate was only four per cent. Before treatment,
both volume and peak rate of run-off were higher in the agri-
cultural watershed73. Ecologically sound agriculture is,
therefore, definitely possible in the Himalaya.

Impact of roads

Almost every human activity in the hills will directly or 
indirectly change existing slopes, slope forming materials and
drainage systems. As a result, all human activities can 
potentially increase soil erosion and landslides in fragile
mountain areas. Several experts believe that road building
activities have been the worst form of human interventions in
the Himalayan mountains in terms of promoting soil erosion
and landslides.

Prior to 1962, the Himalayan mountains were, for the
most part, accessible only on foot. The few roads that existed
led to hill stations like Mussoorie, Simla, Nainital and
Darjeeling, located not very deep within the mountains. The

Table 29
Soil loss due to road building in the Himalaya

Length of roads (km) 44,000

Debris removed to make 1,760 to 3,520
these roads (mcum)

Debris generated by each 550
km of road per year (cum)

Debris generated by all 24.2
Himalayan roads per year (mcum)

Source:  14
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ROVING RIVERS

Changing courses by rivers is a constant problem in West Bengal
with the Padma and the Bhagirathi being the main culprits. 

The Padma, which flows along the Indo-Bangladesh border on
the northern boundary of Murshidabad district, has washed away
many villages. Some 30,000 ha of arable land have been eroded,
according to state irrigation minister Debabrata Bandyopadhyaya.
The rate of erosion is sometimes over two m a week during the mon-
soon. Journalist Debjani Sinha, who recently wrote on the plight of
the people in the affected districts, describes the case of Ismail
Sheikh who once lived on a sand bank along the Bhairav river, a trib-
utary of the Ganga,  also known as Mahananda. During the last
decade, he has had to change houses six times due to the shifting
course of the river.  Bindu Ghosh, a resident of Nayansukh, once
owned six ha of orchards but owns only a few cattle and some uten-
sils now. The Bhagirathi has washed away the land and his house
four times. The rivers have created a new class of neorefugees  con-
stantly looking for a new home, some of whom have been forced to
take to smuggling — an organised activity — along the Padma. 

The state government has requested the Centre for money to pro-
tect the Padma’s right bank — a vulnerable 94 km stretch downstream
of the Farakka barrage. According to some, the  main cause of river
erosion is the Rs 160 crore Farakka barrage completed in 1975.
Satyesh Chakravarti of the Indian Institute of Management is of the
opinion that the barrage has  accelerated erosion in the downstream
reaches of the Padma. But to blame Farakka for all the havoc is unfair.
As early as  1803, Major R H Colebrooke had found that the Padma
was  shifting westwards by 90 m a year. The Geological Survey of
India has found that the distance between the Padma and Bhagirathi

in Murshidabad district, which was six km in 1944, had come down
to 3.3 km by 1966 and 2.9 km by 1975. The Pritam Singh Committee,
set up in 1978 to examine the post-Farakka river ravages, also 
pointed out that the maximum distance between the Bhagirathi 
and the Padma is only a little over two km with the minimum being
only 30 m.

The committee warned that if the Padma breached its embank-
ment, it could flow into the Bhagirathi, thereby bypassing the
Jangipur barrage and rendering it useless1.

In Bangladesh also, rivers constantly undergo migration. In the
late 1760s, only 200 years ago, the Brahmaputra flowed 100 km to
the east of its current course. Long-term patterns indicate that the
Brahmaputra is moving westward2.

A map of the area between the Ganga and the old Brahmaputra
shows 28 distinct abandoned courses. Scientists disagree about the
speed with which the Brahmaputra moved from the east side of the
Madhupur jungle to its present course  west of the area, which is
probably the course mentioned in historic documents as the Jenai
river. While one group believes that the change occurred in 1987
because of a heavy flood, another believes that the migration took
place gradually between 1720 and 1830. At one time, the Teesta was
not a tributary of the Brahmaputra but flowed into the Ganga, hug-
ging the west side of the Madhupur jungle. Then the river migrated
and joined the Atrai Gur to flow into the Meghna. But with the
Brahmaputra moving to its present course, both the Teesta and the
Atrai Gur have been captured by it and have become its tributaries.

It is not surprising that floods are common in the Bengal 
delta. Moderate floods occur at an interval of about four 
years, severe floods at seven years and catastrophic floods every 30
to 50 years.

FLOODED LAND: Bangladesh is the most flood affected country; India ranks a close second. (UNEP)
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1962 Indo-Chinese war, however, prompted a massive road
construction programme and roads now go into some of the
remotest Himalayan areas. Over 44,000 km of roads now
exist in the Indian Himalaya (see Table 29).

Debris removal

K S Valdiya of Kumaon University claims that an average of
40,000-80,000 cum of debris is removed to build each km of
these roads and another 550 cum have to be removed per
km every year to maintain them.

This means that 1,760-3,520 mcum of debris had to be
removed to make the Himalayan roads and another 24.2
mcum are removed every year (see Table 29)14.

Geographer Martin High discovered 72 landslides 
larger than 10 cum in size, and total landslide debris of
1,105 cum per km on a six km stretch of the Mussoorie-
Tehri road in 1978. A six km stretch of the Nainital-Kilbury
road built in the 1980s, which runs through a reserved 
forest, revealed that 38 per cent of the road had slumped,
39 per cent of it was affected by rockfalls and there were
24 landslides per km of the road. Every year the landslide
debris is pushed down the hill to keep the road clear,
which damages the forest cover below and destabilises the 
hillside. The tree and vegetation cover below the road had

In Bangladesh, rivers constantly undergo migration. Only 200 years ago the
Brahmaputra flowed 100 km to the east of its current course and the Teesta
flowed into Ganga instead of Brahmaputra.

FLOOD SUFFERING: Frequent floods cause enormous problems, with clean drinking water becoming a prize commodity. (Badal/Oxfam)
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ROAD MENACE: The massive Kaliasor landslide in the Garhwal Himalaya — partly caused by the road and now a major problem in maintaining the road. (Amar
Talwar/CSE)

been greatly reduced as compared to that above the
road81. According to K G Tejwani, former director of 
CSWCRTI, 10 small to medium landslides occur on an
average over each km of Himalayan roads and most of
them are the direct results of slope instability caused by
road construction82.

R K Bhandari and Chanchal Gupta of the CBRI also
believe that the stability of Himalayan slopes has been 
greatly jeopardised by roads. Road construction invariably
involves deep cuts which set in a process of progressive 
failure. because road construction agencies are keen to 
complete their roads rapidly, few efforts are made to protect
the cut slopes or provide effective drainage. After the 
roads are built, they are ravaged by recurrent landslides and
rockfalls during rains27.

Increasing fears

Several geologists believe that landslides are probably
increasing because of increased human activity, though no

documented evidence is available. A meeting of landslide
experts held in Gangtok in 1975 had expressed fears that
landslides will increase because of growing development
activities. More roads will be required and, as these roads
open up new areas, forests and other natural resources will
be heavily exploited. The combined result will be an
increase in landslides and erosion83.

Landslides and slope instability problems are now being
noticed in numerous Himalayan towns. Natural  drainage
often gets blocked or obstructed by human activity and sur-
rounding hillsides get denuded because of increased human
pressure. In addition, dynamite is often used to blast the
hills for construction which further destabilises the slopes22.

While there is no doubt that increasing construction
activity is probably increasing landslides and soil erosion
and leading to serious local problems, it is not clear whether
the increased erosion is sufficiently large to increase 
sedimentation on the scale of the Indo-Gangetic plains. The
impact of this increased erosion is in all probability small
over natural factors33.



CONCLUSION

Himalayan environmental degradation is now widespread.
The forest cover has declined rapidly and its place has often
been taken by overgrazed lands. Modern human activities
like road building and commercial felling of trees have taken
place in an ecologically destructive manner. It would, there-
fore, be wrong to say that Himalayan environmental degra-
dation has no impact whatsoever on increasing soil erosion,
surface run-off or landslides. Considering the fact that a
wholesale conversion of forests to overgrazed shrublands has
taken place, it can be argued that the local effects of 
ecological degradation on flood flows are sufficiently wide-
spread to produce a general and regional effect.

But it would be equally right to say that these increases
— over and above the levels dictated by natural factors —
are probably far smaller than what environmentalists have
implied — “perhaps in the tens rather than hundreds of per-
centages”, as John Metz of the University of Wisconsin puts
it 65. Many more studies are needed to compare the impact
of human factors with natural factors. But it is clear that the
Himalayan range constitutes an extremely dynamic system
that is naturally primed for disaster. 

Run-off and silt tend to move out of the Himalaya in 
explosive waves. Landslides seem to be a major contri -
butor of debris and soil to the rivers. Afforestation is
unlikely to affect the scale and timing of these large 
geological processes. Floods are not new to the Indo-
Gangetic plains. During the 3,500 years of recorded
human settlement in the Ganga basin alone, there have
been many floods of gigantic proportions. 

Himalayan rivers have constantly changed their course
long before deforestation began. For example, archaeologists
and scientists now believe that at the time of the Indus 
civilisation, the Yamuna probably did not flow into the
Ganga nor the Sutlej into the Indus. Instead, they flowed into

the Ghaggar— currently a small, seasonal river that emerges
from the Siwalik foothills near Chandigarh — to make it a
mighty, perennial river that flowed straight into the Arabian
Sea without joining the Indus — probably the much 
worshipped Saraswati of the Vedic times. 

Scientists believe that numerous floods and hydrological
changes have taken place in the Ghaggar plains over the last
three to four millennia, possibly associated with tectonic
changes in the Himalayan foothills. Far more recently, the
Teesta used to flow into the Ganga until 178737.

The various district gazetteers of Bengal of the late 18th
and early 19th centuries describe the havoc caused by the
large movements of the rivers from place to place. Several
major cities in Bengal have risen and fallen due to shifts 
in the river’s location. For example, in 1540, Portuguese mer-
chants described the very large, well fortified city of Gaur on
the banks of the Ganga. By 1575, the river had deserted the
city and it was abandoned. In the estuary, many large islands
appeared almost overnight only to be washed away with
tremendous loss of life several years later when they had
been densely settled61.

This process is still going on today in Bangladesh.
Journalist Debjani Sinha recently reported that several rivers
in West Bengal are changing their courses and causing
immense riverside erosion leading to displacement of people
living in the Murshidabad and Malda districts84.

It is interesting to note that deforestation as a cause of
floods has come to be cited only recently. The district
gazetteers of Purnea and Saharsa written in the last century,
though concerned about the high silt load of the river Kosi,
have never alluded to deforestation as a contributory factor.
Instead, their recurrent emphasis was on the geological insta-
bility of the river’s upper catchment.

To understand the problem of increasing floods in the
Indo-Gangetic plains, it may be more instructive to study the
ecological changes that have taken place in the flood plains
themselves.
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