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Abstract— Deforestation includes conversion of forestland
to farms, ranches or urban use. The loss of trees, which
anchor the soil with their roots, causes widespread erosion
throughout the tropics. Only minority of areas have good
soils, which after clearing are quickly washed away by the
heavy rains. Thus crop yields decline and the people spend
income to import foreign fertilizers or clear additional
forests. The fact of rapid deforestation has been one of the
major concerns since last decade. In India, the forest cover
of the country has been declining since last several years.
The impact of these changes on Indian monsoon is still an
open question. The influence of deforestation is modelled by
the changes in the surface parameters such as land cover,
land degradations, etc. Landslides occur as a consequence of
various triggering factors. Rainfall is one such factor. But
the human intervention like deforestation may cause the soil
to lose its capacity and ultimately lead to landslides during
heavy rainfall. Slope movements increase due to
deforestation, as the roots provide some reinforcement and
also remove groundwater. On the other hand, addition of
vegetation to slopes can cause slope movement, because the
vegetative mass increases the weight of the slope in terms of
moisture content. Rapid deforestation and construction work
in the hills are some of the reasons behind frequent floods
and landslides. Landslides are a severe problem during the
rainy season in many mountainous regions in Asia where
forests have been cut so that mountain slopes are
destabilized. Several areas of Uttarakhand are still cut from
the country. Since the industrial age, about half of world‟s
original forests have been destroyed and millions of animals

and living things have been endangered. Despite the
improvements in education, information and general
awareness of the importance of forests, deforestation has not
reduced much, and there are still many more communities
and individuals who still destroy lands for personal gains. In
this paper there is summarization of forest land, forest cover,
changes in forest cover and how deforestation is affecting to
landslides and the extinction of species in brief.
Key words: Deforestation, Landslides, Forest Area
I. INTRODUCTION
In Earth Forests cover is thirty one per cent of the land area.
Through forest various resources are produced consumed by
everyone. As we all know that through plant oxygen is
emitted which is important to live or survive and it is also
related to the mass movements of slope. The oxygen is
directly related to destruction of forest and increase in the
temperature of an environment. Forest also supports the
wildlife ecosystem by providing appropriate environment or
suitable conditions to survive, and affecting to these areas
causes species extinctions. Billions, millions of people
depend upon the forest resources which includes food,
shelter, medicinal plants, pure water, etc. Due to continuous
growth of population and technology, we need more and
more area to survive causing destruction to the forest area.
Sometimes deforestation occurs naturally by forest fire,
heavy rainfall, and alteration of climate, etc. Through which
lots of problem is to be faced.

Fig. 1.1: Global Forest Cover. (Source: Global Forest Resources Assessment 2010)
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Region
World
Polar Regions
(Russia, Scandinavia
and North America)
Latin America and
Caribbean
East Asia and the
Pacific
Africa
Canada and the
United States
European Union
Australia
West Asia (Arabia
and Middle East)

Percentage of
land area
26.19%

Forest area
(km2)
39,000,000
13,800,000

45.67%

9,640,000

35.18%

7,332,000

21.80%

6,500,000

26.00%

4,680,000

35.00%
19.00%

1,600,000
1,470,832

01.00%

36,600

Table 1.1 Planet, continents and regions Forest area (in
km2) and Percentage of land area.
(Source:http://en.wikipedia.org/wiki/List_of_countries_by_f
orest_area)
Forest is also known as carbon sink because it
soaks carbon dioxide, through which it supports the
ecosystem of an environment. Carbon dioxide is responsible
for global warming as because it is one amongst the
greenhouse gases that is highly harmful to the atmosphere.
If forest is destructed or deforestation is continued then the
atmospheric equilibrium is disturbed resulting in the
climatic alterations. It has been estimated that twenty
percent of greenhouse gases are directly outcome of
deforestation.
2008
2009
2010
(‘000 (‘000 (‘000 (‘000 (‘000 (‘000
km2)
mi2)
km2)
mi2)
km2)
mi2)
Austr
1,511
583
1502
580
1,493
596
alia
Brazil 5,239 2,023 5,217 2,014 5,195 2,006
Cana
3,101 1,197 3,101 1,197 3,101 1,197
da
777
2,041
788
2,069
799
China 2,103
Euro
1,559
602
1,564
604
1,569
606
pean
Union
Germ
111
43
111
43
111
43
any
681
263
683
264
684
264
India
Indon
958
370
951
367
944
364
esia
250
97
250
97
250
97
Japan
Russi
8,090 3,120 8,090 3,120 8,091 3,124
a
Unite
3,033 1,171 3,036 1,172 3,040 1,170
d
States
Worl
40,31 15,56 40,26 15,54 40,20 15,52
d
8
7
1
5
4
3
total
Table 1.2 Forest Land Area of world
(Source: http://en.wikipedia.org/wiki/Forest)

According to consumption of forest resources the
rate of deforestation is different in all over the world.
Tropical rainforests are a hub of world‟s biodiversity and if
the deforestation rate would not be reduced it may affect the
world‟s biosphere. World Wide Forest practices to stop
deforestation and preserve forest cover areas in all over
around the world. From fifty of years WWF is working on
the preservation of biodiversity and Forest areas. They
practices with several companies, governments, Institutes
through which forest land area can be remain unaffected
without making loss to the biodiversity of the forest. New
techniques, new ideas are considered for avoiding forest
degradation, forest losses, etc.
A. Origin of Uttarakhand
Uttarakhand the 27th state of Republic of India lies between
28ᵒ 44´ and 31ᵒ 28´ N latitude and 77ᵒ 34´and 81ᵒ 01´east
longitude. It was carved out of Uttar Pradesh on 9th
November 2000 with 13 Districts. The Geographical area of
the state is 53,483sq.km, the terrain and the topography of
the state is largely hilly with large areas under snow cover
and steep slopes. Uttarakhand is geopolitically also very
sensitive state due to its international boundaries in North
(Nepal & Tibet). It forms North-Western boundary with
Himachal Pradesh, North and North-Eastern boundary with
Tibet, Eastern with Nepal and Southern with plains of Uttar
Pradesh whereas the Southern boundary is artificial,
remaining namely Northern, Western and the Eastern
boundaries are natural with Tons and Yamuna rivers in
West, Kali in the East and the Indo-Tibetan watershed in the
North. Thus the state is of immense importance not only for
the states, downstream due to soil and moisture conservation
but strategically also due to its international border with
Nepal & Tibet (China).The forest department of
Uttarakhand has 13 circles, 44 divisions, 284 ranges and
1569 beat. The human population of the state is 101.67 lacs
(2011) compared to 25.18 lacs in 1951 and that of livestock
is 76.16 lacs in 2007 as compared to 41.68 lacs (1993) and
38.692 in 1972.
Serial
Statistical
Background Characteristics
No.
Data
1.
Geographic Area (in sq. km)
53,484 sq.km
2.
Size of Villages (2011 Census)
Number of Villages
16826
 1-500
13460 (80%)
 501-2000
2679 (17%)
426 (2.7%)
 2001-5000
Nil
 Above 5000
3.
Number of Towns
31
Total Population (2011)
1.01,16,752
4.
 Male
5,154,178
4,962,574
 Female
5.
Sex Ratio (F/M*1000)
Population Sex Ratio
963
Child Sex Ratio
886
6.
Decadal Growth Rate
19.17
7.
Density-per sq.km
189
Literacy Rate
79.63%
8.
 Male
88.33%
70.70%
 Female
Table 1.3 State Profile of Uttarakhand
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(Source: Uttarakhand Forest Statistics, 2012-2013)
The human and livestock population is largely
dependent on forests due to Agrarian economy and age old
pastoralism leading to heavy pressure on forests and
consequent degradation of ecology and environment of the
area. Although the State of Uttarakhand is well endowed
with biological resources, the past decades have seen an
increase in pressure on the state‟s natural ecosystems. The
entire Shiwalik ecosystem of Uttarakhand has been virtually
degraded of its forest cover, and forested landscape has been
pushed to the Upper reaches of the State. There are four
major river systems viz. Ganga, Yamuna, Ramganga and
Sharda originating from the state along with their tributaries
which are major source of water for drinking, irrigation and
hydropower. The major wealth of the state is its forests with
very rich biodiversity. The state ranks sixth among the other
states in terms of percentage of recorded forest area.
B. Forest Cover
The total forest area under various classes of the state is
37999.53 km2, moderately which is 71% of the geographic
area. Forest area under forest department is 24418.67 km2.

Fig. 1.2: Forest Cover according to Satellite Imageries of
Forest Survey of India (FSI)
(Source: Uttarakhand Forest Statistics, 2012-2013)
In state according to FSI-2011 the very dense
forests is 4,002 km2, moderately dense forest, 14,396 km2,
and open forest, 6,044 km2. Scrub is 320 km2. About 19%
area of the state is under permanent snow cover, glaciers and
steep slopes where it is not possible to grow trees due to
physical limitations.

is mixed with fragments of parent rocks occurring within a
few centimeters, except in valleys or depressions where they
go up two meters.
D. Topography
Uttarakhand has hilly and mountainous terrain that cover
approximately 90% of the geographical area. Based on land
elevation, the State is classified as terrain less than 300
meters above mean sea level (msl), lower hilly region (300600m), upper hilly region (600-2400m) high altitude region
(2400-4500m) and upper high altitude region (above
4500m). Udham Singh Nagar and Haridwar are the only
plain districts in the State. Uttarakhand can be classified into
five topographic zones:
 Terrai and Bhabhar
 Shiwaliks
 Doon Valley
 Mid Himalayas
 Greater Himalaya
E. Climate
In hilly regions the climate in general is cold, humid and
temperate type but varies with altitude.
Serial
Altitude
Geographical
%
No.
(meters)
Area(Km2)
Age
1
0-1000
13,609
25.44
2
1001-2000
17,616
32.94
3
2001-3000
7,152
13.37
4
3001-4000
4,164
7.79
5
Above 4000
10,942
20.46
Total
53,483
100.00
Table.1.4 Altitude zone wise area in the State Based on
SRTM
(Source: Uttarakhand Forest Statistics, 2012-2013)
Different climate zones are identified as warm
temperate (900m-1800m), cool temperate (1800m-2400m),
cold zones (2400m-3000m), alpine zone (3000m-4000m),
glacier zone (4000m-4800m), and perpetually frozen zone
(above 4800m). The valleys are hot in summer and much
colder in winter. Broadly the State has a temperate climate
except in the plain areas where the climate is tropical with
temperatures ranging from sub-zero to 430ᵒ C. The average
annual rainfall is 1550m.

F. Forest Types of India
C. Soils
Forests may be classified into different groups, types and
Soils of Uttarakhand in general are fully shadow. Gritly,
sub-types on the basis of their composition, distributions and
impregnated with un-weathered fragments of parent rocks
climatic conditions under which they occur and also other
and are not very fertile. In large parts of this region, the soil
factors.
S.No.
Forest Group Type
VDF
MDF
OPEN SCRUB TOTAL
1
Group III Tropical Moist Deciduous Forest
1104.44 2806.19
715.50
8.18
4634.31
2
Group III Tropical Moist Deciduous Forest
185.98
709.92
131.85
9.75
1037.5
3
Group III Tropical Moist Deciduous Forest
21.87
103.53
39.81
5.59
170.8
4
Group III Tropical Moist Deciduous Forest
0.98
26.87
11.58
0.07
39.5
5
Group V Tropical Dry Deciduous Forest
81.00
851.15
568.51
78.00
1578.66
6
Group IX Sub Tropical Pine Forest
768.67
4432.01 1721.46 189.11
7111.25
7
Group XII Himalayan Moist Temperate Forest 1612.45 5014.49 2434.98
28.12
9090.04
8
Group XIII Tropical Moist Deciduous Forest
199.96
171.97
75.65
1.18
448.76
9
Plantation/TOF
26.65
279.87
344.66
0.00
651.18
Total
4002.00 14396.00 6044.00 320.00 24762.00
Table 1.5: Area under different Forest Types in (square kilometer)
(Source: Uttarakhand Forest Statistics, 2012-2013)
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India has very rich and diverse forest types with a
wide range of species composition, distribution, succession
changes and growing under diverse conditions. These vary
from the dense evergreen forests of the Western Ghats to the
temperate forests and alpine pastures of the high Himalayan
ranges and the dry thorn forests of Rajasthan. Various
attempts have been made by different experts to classify the
forests of India into different groups and types. The earliest
classification of forest types was given by Champion in
1936, Puri in 1960 and widely accepted one by Champion
and Seth in 1968. Amongst these, the classification of
Champion and Seth is the most widely followed one. The
forest of India has been classified into sixteen major groups,
which have further been sub-divided into types and subtypes.
G. Recorded Forest Area
The recorded forest area of the state is 34,651 km2, which
constitutes 64.79% of its geographical area. Reserved
Forests constitutes, 71.10%, Protected Forests 28.52% and
Un-classed Forests 0.38% of the total forest area.
H. Protected Areas
The State has Six National Parks, Six Wildlife Sanctuaries
and two Conservation Reserves covering a geographical
area. The famous Corbett Tiger reserves is located in the
State covering an area of 0.13 million ha. Nanda Devi
Biosphere Reserve, with an area of 0.59 million ha, is also
located in this state.
I. Joint forest management
JFM started in the state in 1992 when it was a part of U.P.
There are 10.107 JFM Committees managing about 0.86
million ha of forest area, which is about 25% of the forest
area of the State. About 0.5 million families are involved in
this program me, of which around 15,000 families belong to
the Scheduled Tribes.
II. DEFORESTATION
A. Deforestation
Over all forest vegetation causes fixation of 283 Gt of
carbon into plant bio mass, 38 Gt in dead wood and 317 Gt
in soils 30 cm) and litter and humus. In 2005 total carbon
content is approximately 683 Gt, which is comparatively
greater than the total amount of carbon that is present in the
atmosphere. This standing carbon is combined with a gross
terrestrial uptake of carbon, which was estimated 2.4 Gt a
years, a good deal of which is sequestration by forests.
Forests also have a potentially significant role to play in
climate change adaption, which causes a better livelihood
option by maintain the ecosystem services. Deforestation is
the major cause, mainly the destruction of the rainforest
which led to change in the environment to a great extent.
Deforestation, and especially the destruction of rainforests,
is a hugely significant contributor to climate change. Forest
loss and other changes to use of land account contribute to
manmade CO2 emissions conversion of Forest land for
agricultural or other purposes reduce the carbon stock.
People of mountainous region of Uttarakhand
always face a problem of landslides. Due to which they
faces a many problems either physically or mentally. At

places where landslides has taken place, their connections
via road, electric lines, water sources, etc. all is blocked or
affected through which their basic needs are destroyed.
Farmland, buildings, houses, is also destroyed, through
which economic losses are common in people.
B. Deforestation Causes
With change of time, several researches have proven that
deforestation is the major cause for the instability of the soil.
With increase of deforestation there is a frequent increase of
landslides. These researches have given various mechanism
of clear cutting that is responsible for the significant
increase:
 Big trees have large roots that penetrate fragile cracks
in the underlying bedrock and anchor the soil firmly.
 Old trees have a big surface area of leaf which leads to
great water loss. Due to large surface area of leaf there
is large amount of transpiration which causes increased
absorption of soil water.
 Forests create a canopy of foliage high up in the air to
help dissipate rain fall over large areas.
 Excessive logging erodes the porosity of the soil
through which soil property is affected.
 Remaining part of the tree and the debris covers the
basins which prevent a natural drainage.
 Destruction of large amount of vegetation from an area
leads to the death of the root system which ultimately
leaves the soil more vulnerable for over saturation.
C. Causes of Deforestation
According to the United Nations Framework Convention on
Climate Change (UNFCCC) secretariat, the overwhelming
direct cause of deforestation is agriculture. Subsistence
farming is responsible for 48% of deforestation; commercial
agriculture is responsible for 32% of deforestation; logging
is responsible for 14% of deforestation and fuel wood
removals make up 5% of deforestation. Experts do not agree
on whether industrial logging is an important contributor to
global deforestation. Some argue that poor people are more
likely to clear forest because they have no alternatives,
others that the poor lack the ability to pay for the materials
and labor needed to clear forest. One study found that
population increases due to high fertility rates were a
primary driver of tropical deforestation in only 8% cases.
Other causes of contemporary deforestation may
include corruption of Government institutions, the
inequitable distribution of wealth and power, population
growth and overpopulation and urbanization. Globalization
is often viewed as another root cause of deforestation,
though there are cases in which the impacts of globalization
(new flows of labour, capital, commodities and ideas) have
promoted localized forest recovery. In 2000 the United
Nation food and Agriculture Organization (FAO) found that
“the role of population dynamics in a local setting may vary
from decisive to negligible” and that deforestation can result
from “a combination of population pressure and stagnating
economic, social and technological conditions.” The
degradation of forest ecosystem has also been traced to
economic incentives that make forest conversion appear
more profitable than forest conservation.
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Area Revised(sq. Km)
State

2003
(SFR_2005)

2005
(SFR_2007)

2007
(SFR_2009)

Area(sq.
Km)
2009
(SFR_
2011)

Change in Area(sq. Km)
2003-05

2005-07

2007-09

Andaman
6,807
6,663
6,662
6,724
-144
-1
62
and Nicobar
Andhra Pradesh
44,412
45,231
46,670
46,389
819
1,439
-281
Arunachal Pradesh
67,692
67,472
67,484
67,410
220
12
-74
Assam
27,735
27,758
27,692
27,673
23
-66
-19
Bihar
5,573
6,807
6,804
6,845
1,234
-3
41
Chhattisgarh
55,992
55,929
55,678
55,674
-63
-251
-4
Delhi
174
177
176.58
176.2
3
0
0
Goa
2,164
2,156
2,212
2,219
8
56
7
Gujarat
14,814
14,604
14,620
14,619
-210
16
-1
Haryana
1,576
1,604
1,594
1,608
28
-10
14
Himachal Pradesh
14,359
14,666
14,668
14,679
307
2
11
Jammu Kashmir
21,273
22,689
22,537
22,539
1,416
-152
2
Jharkhand
22,569
22,722
22,814
22,977
153
172
83
Karnataka
35,246
36,200
36,190
36,194
954
-10
4
Kerala
15,595
17,284
17,324
17,300
1,689
40
-24
Madhya Pradesh
76,145
77,739
77,700
77,700
1,594
-39
0
Maharashtra
47,514
50,661
50,650
50,646
3,147
-11
-4
Manipur
17,259
16,952
17,280
17,090
-307
328
-190
Meghalaya
16,925
17,205
17,321
17,275
280
116
-46
Mizoram
18,583
18,600
19,183
19,117
17
583
-66
Nagaland
14,015
13,665
13,464
13,318
-350
-201
-146
Odisha
48,353
48,755
48,855
48,903
402
100
48
Other States
311
307
310
311
-4
3
1
Punjab
1,545
1,660
1,664
1,764
115
4
100
Rajasthan
15,821
16,012
16,036
16,087
191
24
51
Sikkim
3,262
3,357
3,359
3,359
95
2
0
Tamil Nadu
23,003
23,314
23,551
23,625
311
237
74
Tripura
8,123
8,173
7,985
7,977
50
-188
-8
Uttar Pradesh
14,127
14,346
14,341
14,338
219
-5
-3
Uttarakhand
24,460
24,493
24,495
24,496
33
2
1
West Bengal
12,389
12,970
12,994
12,995
581
24
1
Aggregate Change in
Gain=13,661 Gain=3160 Gain=500
area Gain and loss
Loss=-1,306 Loss=-937 Loss=866
Table 1.6 Area under Forest and deforestation status for major states and national total according to estimates of SFRs
provided by FSI.
(Source: Uttarakhand Forest Statistics, State Forest Reports, 2012-2013)

Fig. 1.3: Diagrammatic explanations for Causes of Deforestation.
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Many important forest functions have no markets,
and hence, no economic value that is readily apparent to the
forest‟s owners or the communities that rely on forests for
their well-being. From the perspective of the developing
world, the benefits of forest as carbon sinks or biodiversity
reserves go primarily to richer developed nations and there
is insufficient compensation for these services. Developing
countries feel that some countries in the developed world,
such as the United States of America, cut down their forest
centuries ago and benefited greatly from this deforestation,
and that is hypocritical to deny developing countries the
same opportunities: that the poor should not have to bear the
cost of preservation when the rich created the problem.
Some commentators have noted a shift in the drivers of
deforestation over the last past 30 Years. Whereas
deforestation was primarily driven by subsistence activities
and government-sponsored development projects like
transmigration in countries like Indonesia and colonization
in Latin America, India, Java and so on, during late 19th
century and the earlier half of the 20th century. By the
1990s the majority of deforestation was caused by industrial
factors, including extractive industries, large-scale cattle
ranching and extensive agriculture. In India Table 1.6 shows
the area under Forest and deforestation status for major
states and national total according to estimates of SFRs
provided by FSI. Through which deforestation rate and loss
of forest cover is being examined. According to FSI there is
no cutting of trees from 1995, but in few article writer

questioned about the exact area of forest loss. No trees
found during inspection written by Manoj Kumar in The
Pioneer 8, September 2011 discusses about the loss of forest
area.
1) Expansion Of Farming Land
About 60% deforestation is concludes for making roads,
buildings, houses, and using up of agricultural resources for
various purposes. The degradation of land causes effective
role in deforestation. As the degraded land once destroyed
or affected make people to move from their place and after
moving for survival they needs new place which causes
deforestation. These areas used for survival purposes are
tends to expand the farmland area. This is because
agricultural land expansion is generally viewed as the main
source of deforestation contributing around 60% of total
tropical deforestation. Due to lack of resources and facilities
people in hilly areas practices shifting agriculture. It has
been estimated that around one third to two thirds of
deforestation is affected through shifting cultivation.
According to data in Asia practicing of shifting culture or
Jhum cultivation is nearly about thirty per cent of the whole
Tropical area. It appears that the proportion of direct
conversion of forest to agriculture is increasing and the
proportion of shifting agriculture is decreasing with time. In
Table 1.7 analysis of forests cover based on satellite
imageries done by F.S.I (Forest Survey of India) is
representing the total forest area of Uttarakhand region.
2011 Assessment

S.No
1
2
3
4
5

District

Almora
Pithoragarh
Nanital
Champawat
Bageshwar
Udham Singh
Nagar
7
Garhwal
8
Chamoli
9
Tehri
10
Uttarkashi
11
Rudraprayag
12
Dehradun
13
Haridwar
Total Uttarkhand

Geographical
Area (sq. km)
3139
7090
4251
1766
2246

Very
Dense
Forest
222
567
601
336
194

2542

171

Moderate
Dense forest

Open
Forest

TOTAL

% OF
GA

Change

Scrub

928
1115
1923
571
883

427
412
566
274
304

1577
2094
3090
1181
1381

50.24
29.53
72.69
66.87
61.49

0
0
-3
0
0

10
32
13
8
4

247

128

546

21.48

3

0

5329
523
2094
672
3289
61.72
0
59
8030
427
1586
682
2695
33.56
0
6
3642
298
1232
617
2147
58.95
0
89
8016
567
1959
619
3145
39.23
0
21
1984
246
581
298
1125
56.70
0
5
3088
584
695
328
1607
52.04
0
24
2360
26
353
240
619
26.23
1
0
53483
4762
14167
5567
24496
45.80
1
271
Table 1.7: Analysis of Forest Cover Based on the Satellite Imageries.
(Source: Uttarakhand Forest Statistics, 2012-2013)
presented which shows pressure on forest cover for
2) Overgrazing
productions. Overgrazing of forest and pasture lands leads to
Grazing by domestic animals is perhaps the most important
the following problems:
factor responsible for the ever increasing biotic pressure on
Gullies form in tracks frequented by cattle. These are very
Himalayan forests. When grazing of field by domestic
common in the Siwalik Hills where the formation of gullies
animals is in large amount causes overgrazing. The process
is aided by the weak nature of the country rocks, zones of
of overgrazing is mainly used in tropic areas due to lack of
disturbance and highly erosive streams.
resources and also because of dry climate. The rate of
 The grasses growing on the pasture are adversely
deforestation is not directly affected by overgrazing process
affected. Over-grazing keeps them below the
but it can be estimated up to some extent. Through grazing
optimum height for metabolic activity.
animals destroys the vegetation cover and through wind top
 Due to selective grazing of young and succulent
soil is blown away causing infertility or less porosity of the
grasses, only coarse and poor grasses are left.
land. In Table 3.2 District wise production of fire wood is
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Cattle hooves damage young regeneration,
seedlings and even saplings. They render the soil
more prone to erosion.
3) Urbanization/Industrialization and Infrastructure
At present the total population of Uttarakhand is 1.01,16,752
according to Forest Statistical report of Uttarakhand 20133014. This shows the rapid increment of population
resulting in demand of more land area for their survival.
And more land area would directly affect the Forest area and
loss of biodiversity. Due to easily available of several
resources in Forest which could be utilize by several humans
for their basic needs people used Forest as an advantages.
Population is also indirectly forces industries number as for
productions of more and more goods. Mainly Industries,
school, colleges, railway tracks, airports, etc. are always
constructed at outer area of the town, which lacks it into
biodiversity losses and deforestation. Through destruction of
Forests land area living creature like several species of
plants, animals has been found destroyed. Destruction of
forest area produces unfavorable conditions for living
creatures of the forest, due to which their survival becomes
critical and finally loss of the species.
4) Forest and Other Plantations
Plantations reduce the deforestation rates and also its
disadvantages. Planting of trees supports the forest area and
the biodiversity. Plantation reduces the pressure of timber
productions and also maintained the equilibrium of the
atmosphere or an environment. As planting of more and
more trees would maintain the water cycles, reduced
greenhouse gases through which global warming would not
increase, large productions of carbon, etc. Plants respires
oxygen through respiration process, which utilized by every
living beings for their metabolic activity. Plants consume
carbon which is also a greenhouse gas and produces oxygen
as by product. Plantations can also be used in the
construction sites of roads, buildings, infrastructures, as to
maintain the stability of the soils and ecosystem of the
atmosphere.
5) Forest Fires
Forest fire sometimes causes deforestation as because
oxygen supports combustion and in forests oxygen is in
excessive amount which causes major destruction to forest
and forest biodiversity. Figure 1.4 is the forest fires affected
area in hectares from last ten years in Uttarakhand. In
shifting cultivation or Jhum cultivation the area which is
used for production of agricultural resources is set up fire
for regaining the soil fertility, which may cause destruction
of forest when fires is made without proper planning.
Shifting cultivation is very common in the hilly areas. Fires
made to forest is may be intentional or unintentional, thus
Forest fires in the Himalaya may be of two categories i.e.
 Intentional Fires- It includes forest fires that are set
intentionally. When miscreants sets fire to the forest
with a specific intention of damaging the forest wealth.
The local people may set fire to the forest floor just
before the onset of the monsoon season so as to induce
a good growth of grass.
 Unintentional Fires- Accidental fires may be caused by
picnickers, trekkers and travellers who may leave unextinguished cigarette butts, matches, camp fires etc. in
the forest. As a result causes accelerated erosion,

hamper regeneration, and destroy valuable vegetative
growth and wildlife.

Fig. 1.4: Forest fires affected area in Hectares from last ten
years. (Source: Uttarakhand Forest Statistics, 2012-2013)
D. Environmental Causes
1) Hydrological
Deforestation causes disturbing of water cycle due to which
rate of rainfall is affected. Trees absorb water and evaporate
in the atmosphere through a transpiration process due to
which the equilibrium of an environment is maintained. If
the level of water or rainfall is reduced or affected it means
drier climate. The water use by trees for absorption via roots
and transpire the water to the atmosphere, resulting as
rainfall. Large surface area of leaf would transpire more and
more water to the atmosphere resulting in good rainfall.
Forest are the store houses of carbon stock, if through
deforestation the number of trees is reduced, then there
would be less absorption and less transpiration which may
result drier climate or reduced rainfall. Water contents are
reduced through deforestation process and also the
atmospheric moisture.
After reducing the water contents of the soil and
underground water results in lower intake of water through
trees which later on causes flood, landslide, soil erosion, etc.
Slopes devoid of a vegetative cover are more prone to
landslides and soil slump ring. The roots of trees, shrubs and
herbs bind the soil together and thus facilitate the stability of
slopes particularly in areas having a steep gradient. The
vegetative cover plays a major role in the stability of slopes
in the Himalayan region where the thin mountainous top soil
is susceptible to the slightest disturbance.
2) Soil
It will be evident even to the casual observer that soil
changes from place to place and with it changes the nature
and type of vegetation it supports. The nature and
composition of soil depends upon the parent rock; climatic
conditions; topography and on the vegetation it supports.
Himalayan soil varies from the rich deep alluvial soils of the
terai and bhabar tract to the thin and bare soils of the high
mountains and the almost desert like soils of the transHimalayan zone. Those forests which are left undisturbed
had a very low rate of soil loss, approximately two metric
tons per square kilometer (six short tons per square mile).
Soil loss increases due to deforestation, it is because of the
increase amount of soil erosion, due to weakened soil and
increased run off, which can be useful for the mostly
leached tropical rain forests soils. Due to construction of
roads, clear cutting of rocks high technology of machines
are used through which soil erosion is increases.
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Not always tree loss increases erosion rates but
sometimes trees, shrubs play role in encroaching on
grassland. The roots of trees shrubs and herbs are
responsible for the disintegration of all types of rocks. Thus,
the roots of plants play a very dominant role in soil
formation. They help in the physical breakdown of the
underlying country rocks, for as they grow downwards, they
penetrate into the small cracks and fissures, thus paving the
way for water to from soil. The Himalayan mountain soils of
today have formed over a period of millions of years, but in
the absence of roots to hold it together, this soil can be
washed away by surface runoff within the span of a few
hours.
3) Atmospheric
Through chapter 1 global forest cover graph and annual
changes in global forest graph cover there is representation
of deforestation current situation in all over around the
world. Deforestation rate in some countries like Central
America, Northern Africa, Western and Central Africa, etc.
have lost their forest cover around 1.60 percent to 0.20
percent (Global Forest Resource Assessment 2010) due to
which global warming has been increased. Rise in the rate of
deforestation causes increased global warming and more
emissions of greenhouse gases. But recent calculations
suggest that carbon dioxide emissions from deforestation
and forest degradation (excluding peat land emissions)
contribute about twelve per cent of total anthropogenic
carbon dioxide emissions with range from six to seventeen
per cent.
Local climatic changes are also being brought
about by the degradation of forests. The bare rocky slopes
heat up the surrounding atmosphere by acting as a mirror,
whereas dense vegetation acts as absorbent. Trees also break
the force of prevailing winds which roar across the mountain
slopes.
4) Accelerated Erosion
Degraded forests lands causes accelerated erosion. It is a
well-known fact that leaves break the force of the falling
rain water. Negi (1981) states,” The many tiered canopy of
the Himalayan Forests act as a brake on the force of the rain
drops. The drops hit the crown of the topmost tree, than fall
on the herbs and shrubs below. By the times the
precipitation reaches the forest floor, the force is greatly
reduced.” In fact, in a dense forest a large part of the rain
water trickles down along the stems of trees shrubs and
herbs. In areas, having little or no vegetative cover, the
raindrops fall directly onto the forest floor. The raindrop
causes splash erosion due to this kinetic energy. These drops
combine together to form small channels which in turn give
way to finger-like features known as rills. These ultimately
lead to the formation of gullies. Such gullies are more likely
to be formed in tectonically affected zones and in areas
where the soil is more prone to erosion. Vegetation helps to
keep the soil together. The root, with its network of
countless root hairs, binds the soil together. Devoid of this,
the top soil is quickly washed away by the rain water. Huge
quantities of unprotected soil give way to the force of the
falling rain water and soil slumping results. Very often, the
unprotected soil acts as a catalyst in the formation of
massive landslides. Himalayan forests also provide
protection from snow erosion. The tree canopy reduces the
quantity of snow falling onto the ground. Snow-melt water

causes soil erosion. However, the thick layer of humus on
the top-soil provides protection against it.
Hence, in the absence of a proper vegetative cover,
accelerated erosion plays havoc. Very soon no top-soil is
left on the mountain slopes. Debris brought down from the
uplands is deposited over cultivated fields, houses, roads,
bridges and canals. The life of a river4 valley projects has
thus been reduced.
E. Disadvantages of Deforestation
There are many disadvantages of deforestation such as; rate
of rainfall is decreased, flooding, mass flow, slopes stability,
climatic changes, changes in local vegetation, biodiversity
loss, etc. Forests support the ecosystem of various flora and
fauna which are very useful for the atmosphere and for the
humans. Sun is the source of energy and only five to six
percent of solar energy is been utilize by humans, rest all
solar energy is wasted. Tree consumes solar energy for their
growths, and produces various products which are utilised
by all living beings through which forest areas remain
warm. Deforestation is also responsible for increased global
warming, as it‟s gave rise to greenhouse gases causing
greenhouse effect. Just below the disadvantages of
deforestation is discussed in brief:
1) Climate Change
Deforestation is directly related to climatic behaviour of the
environment. In hydrological process we have discussed that
how trees are related to rainfall and water cycles of an
environment. Trees consumes carbon dioxide and emits
oxygen which is require for every human being for
performing metabolic activities, through excessive oxygen
ozone layer is been made which saves from many infrared
radiations. Making of ozone layer through oxygen is a
typical process as it requires more than 2000 degree Celsius
of temperature which is an exothermic reaction. Leading
deforestation of the region increases albedo (the reflecting
power of surface) or reflection coefficient of the land
surface which also causes defects in the mass of radiation of
the region. Deforestation affects wind flows, water vapour
flows and absorption of solar energy thus clearly influencing
local and global climate (Chomitz et al., 2007).
Deforestation disrupts normal weather patterns creating
hotter and drier weather thus increasing drought and
desertification, crop failures, melting of the polar ice caps,
coastal flooding and displacement of major vegetation
regimes.
2) Water and Soil Source Resources Loss And Flooding
Deforestation has disturbed the global water cycle
(Bruijnzeel, 2004). With destruction of the forest the area
become bare and is unable to hold water, leading to a drier
climate. Deforestation affected many of the water resources
like drinking water, water waves, dams‟ fisheries and
aquatic habitats, flood/drought control. Many of these are
affected by siltation. Less appealing water related recreation,
and damage to crops and irrigation systems from erosion
and turbidity (Anon., 1994a; Bruijzneel et al., 2005). Water
treatment and filtration is quite expensive. Forest can reduce
these expenses to a great extent either by filtering run off or
indirectly by substituting by housing or farming that creates
run off (Dudley and Stolon, 2003). Water sheds are the
result of deforestation and thus are not able to store and
regulate the flowing water of river and streams.
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3) Decreased Biodiversity, Habitat Loss and Conflicts
Forest of the tropics is the richest source of the biodiversity
but frequent deforestation, fragmentation and degradation
are the important factors for the destruction of the
biodiversity as a whole. It also causes destruction of the
habitat for migratory species, including the endangered
species, out of which few have been demarcated. The
tropical forest alone itself covers the two third of the known
species. It also contains sixty five per cent of the total world
endangered species (approximately ten thousand stated by
Myers and Mitttermeir, 2000). Conserving the biodiversity
of the forest is just the same as to conserve a form of capital,
until and unless more research can prove the importance of
various plants and animal species, (Anon, 1994a).
According to World Health Organization (W.H.O) about
eighty per cent of the total world‟s population is dependent
on the traditional medicine for the primary health care either
completely or partially. Destruction of the biodiversity and
the significant change in the forest could lead to a hazardous
and irreversible change.
III. LANDSLIDES
A. Landslides
Landslide is defined as a movement of a mass of rock,
debris or soil down a slope by the force of gravity.
Landslides occur when the slope become unstable. This
occurs because of a range of triggering factors, acting
together or alone. Classification of Landslides is done on the
basis of the type of material involved (rock, debris, earth,
mud) and the type of movement (fall, topple, slide, flow,
spread). Landslides may be slow moving or very rapid.
Landslides commonly occur in areas with steep
slopes and highly erodible soils, with clayey sub-soils or
weathered and jointed bedrock that are followed by intense
and prolonged precipitation or earthquakes. A landslide
deranges soil function in two ways:
 Removal of soil from its original position.
 Eversion of the soil down-slope from the area
where the slope has failed.
When landslide removes all the soil material, it becomes
functions less and the hard rock and sediments are now
prone to the climatic degeneration which took place over a
period of hundred to thousand years to regain a functioning
soil. If the superficial soil profile is removed by a landslide,
few of the soil functions remain intact, but most are likely to
be impaired. A landslide is the major problem for most
mountainous and hilly regions along with the steep river
banks and coastlines. Its effect depends mainly upon on the
size and speed, the elements at risk in their path and the
vulnerability of these elements. Commonly landslides occur
at steep slopes or they may also occur in areas with low
relief or slope gradient. Some examples are given below:
 During construction of Highways, building, etc. cutting
failures may cause landslides
 Landslide may cause at the River bank failures.
 Lateral spreading of soil material.
 Collapse of mines, waste piles and garbage fills.
 Slope failures associated with quarries and open-pit
mines.
 Underwater landslides on the floors of lakes of
reservoirs and offshore marine settings.

B. Causes of Landslides
Major causes of slope instability can be:
 Impaired strengthening in geological structure,
composition, material of rock or soil formation.
 Those external factors, which affects the ground water
level. For examples heavy rain, snowmelt and changes
in ground water level etc.
 Rapid Earthquakes and volcanic eruptions
 New site conditions are to be created like changes to
natural slope due to construction activities.
Triggering of Landslide may be naturally or
through human activities. Human can enhance the process of
landslides by using more natural resources for their benefits.
1) Man-Made Causes
Causes made by human activity on slopes are:
 Construction
performed
without
appropriate
engineering facilities.
 Wrong methods used in farming.
 Deforestation and scrapping of vegetation
Increased excavation leads to increase in the edge
of slopes and filling of the slopes without an advice of the
specialist. Unstable slopes are also found by blasting the
rocks and mining. Farming over the slopes leads to the
removal of the vegetation cover only followed by terracing.
Farmer of the hill areas practices shifting cultivation or
Jhum cultivation. Jhum cultivation is a type of cultivation in
which the areas used for farming earlier are burnt for easy
clearing of the area. Commercial exploitation of trees for
logging leads to deforestation.
All of these factors contribute in increased run off
rain water and exposes the soil to erosion. Change of surface
drainage is also a contributory factor. Filed Irrigation is also
a cause that leads in alteration of natural surface drainage.
Slope irrigated by water leads to erosion of the cultivated
soils due to exposure by the surface run-off of water.
Accumulation and seepage of the slope irrigated water leads
to increase in the ground water table. The irrigated water
also causes heaviness of the underground soil causing an
increased load on the slope. Ground water table also
increases by permanent and temporary water storage
modalities like ponds and lakes also due to waste water
discharge and water pipe leakage.
Most of the human activities are a major cause for
the decline of the ground water table. Water pumps, wells,
tube wells, along with drying of lakes and ponds are the
measure cause for the decline of water table under the soil.
Over exploitation of the ground water in many industries is
also leading favor for the decline of the ground water table.
2) Natural Factors
Causes of slope failures through natural activity can be as:
 Heavy rainfall and snow fall will raise the ground water
table: but it causes the heaviness of the soil leading to
weakening of the soil thus causing the slopes more
vulnerable to landslides.
 Increase rate of melting of snow and glaciers also
increases the mass of the soil.
 Water levels also fluctuate due to the tidal action.
 Decreased water levels in rivers, reservoirs, etc.
 Continuous runoff over the slope causes erosion. The
instability of slopes is also due to the removal of toe
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and lateral support of the soil mass by the running water
of the streams and rivers.
The running water of the reverse sediments down the
silt over an area leading to formation of delta.
Weathering of the hard rock leads to sedimentation of
the soil particle.
Movement of tectonic plates due to earthquake cause
ground vibrations.
Volcanic eruptions: Those areas having an existing
volcano, volcanic ash deposits are more vulnerable to
soil erosion due to increased rainfall.

C. Disadvantages of Landslides
1) Loss of Life
A mass movement of slopes causes landslides to death and
injuries to the people and animals. Through landslides many
people, animals, vehicle, etc are buried inside the debris.
2) Loss of Property and Assets
Mass movements have a certain velocity through which the
people living in hill areas are get affected either of personal
loss or assets. Due to illegal construction works on hill
causes damage to the various buildings, houses, etc. Illegal
construction also triggered the other factors which may
cause or enhanced the landslides activities.
3) Loss of Infra-Structure and Lifeline Facilities
Landslides also affect the infra-structures of various areas.
Earthen mass may block or damage infrastructures such as
roads, railway, bridges, telecommunication, electrical supply
lines, etc. Blockage of these infra-structures is highly
vulnerable.
4) Loss of Resources
Earthen mass may affect water resources in the area by
blocking rivers, diverting water ways, blocking irrigation
channels, reducing storage capacity of tanks, reservoirs,
ponds, etc. it can cause production losses to open cast mines,
rock quarries, etc.
5) Farmland Loss
Flow of mass movement may destroy productive land or
unproductive land which is covered with debris or blocked
from access.
6) Destruction of Cultural Importance Place
Movement of land through landslides could damage the
places, which have cultural importance. Sometimes, places
of cultural importance are shifted to another place through
mass movements.
7) Reduction of Property Values
These landslide areas are always prone to of flood and sue to
such disasters peoples are not interested to have a property
in those areas. There are many people who beliefs in
superstitions, due to such beliefs they are unwilling to
purchase property in such areas.
8) Increased Cost
Landslides areas are very much prone to the disasters so
there is regular need of surveillance to cope up the
upcoming disasters. There is need to formulate various
methods that may be implemented to prevent and mitigate
the future disasters and these all preparations need a great
investment.

9) Loss of Revenue
Landslides areas have reduced productivity, so gross
agricultural income is less. Due to successive landslides and
flood all the transportation media are hampered, which
ultimately leads to decrease in economy of that area.
10) Reduction in Productivity of Agricultural or Forest
Lands
Since, the lands are buried under the landslide so there is no
available fertile land for a good productivity. Most of the
areas are not accessed due to the flood.
11) Adverse Effect on Water Quality
Through landslides the quality of water is also affected. The
underground water level decreases due to shifting of land
and the purity of underground water is also affected.
12) Secondary Physical Effects
Those disasters which have primary outcome along with the
secondary outcome are considered to have dual effect. For
example flood, that causes instant damage to the life and
property of the people along with a long term damage of
economy which may need a lot of time to be compensated.
13) Loss of Human Productivity
In Landslides prone area people avoid to live, because
uncertain emergency, which may causes deaths, injuries, etc.
Through which human productivity is reduced to too much
extent.
14) Reduction in Quality Of Life
People living in hill areas uncertainly face a problem of
landslide, due to because of using more natural resources.
Through which family members are sometimes causes an
accident, resulting in loss of life.
15) Impact on Emotional Wellbeing
These natural disasters have a great impact on the
psychology of the people which affects the emotional status
along with their feelings, thoughts, actions and relationship.
This sudden destruction of property and life can cause a
tremendous psychology pressure on the person, thus
affecting the ability of the person to cope up with the crisis
at that time. The disasters may also prepare a person to
further face such disasters in future or the previous disasters
may give a lot of experience regarding management and
preparations of the undergoing crisis. The person is now
physically and mentally prepared to face such disasters and
all its consequences.
IV. EFFECTS OF DEFORESTATION
A. Effects of Deforestation on Landslides
Slope movements increase due to deforestation, as the roots
provide some reinforcement and also remove groundwater.
On the other hand, addition of vegetation to slopes can cause
slope movement, because the vegetative mass increases the
weight of the slope in terms of moisture content.
Vegetation growing on slopes has traditionally
been considered to have an indirect or minor effect on
stability, and it is usually neglected in stability analysis. This
assumption is not always correct, as proved by commercial
harvesting activities in mountainous regions of the U.S.A.,
Canada, and Japan, which resulted in an increase in
landslide problems.
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The following effects of vegetation should be
considered for assessing its impact on slope stability:
 Evaporative and Absorptive losses reduce infiltration,
 Roots absorb water from soil for transpiration and
reduce pore water pressure,
 Roots reinforce the soil increasing its shear strength,
 Tree roots may also anchor into firm strata providing
support to the slope and
 Roots and soil particles on ground surfaces reduce their
susceptibility to erosion.
Socioeconomic conditions in mountainous areas
have played a significant role in deforestation. Because of
the agricultural and pastoral communities in these areas, the
needs of the local inhabitants and the pressures or
requirements of forest conservation departments have
always clashed. The rights given to these people about 100
years ago (when population was much less than today)
permit grazing, grass-cutting, storing of firewood and trees
for their houses at concessional rates. Due to faulty
agricultural practices, e.g. excessive grazing and felling of
trees, soil erosion and landslides have increased. Because of
illiteracy, ignorance and tendency to stick to old traditions
and convictions, they still seek to make a living from their
limited agricultural and pastoral resources. Because of their

limited resources, which last for few months, they either
move down to the plains or bigger cities to look for work or
remain behind and indulge in illicit damage to forests. Due
to deforestation and loss of grazing grounds, soil erosion
increases, resulting in slope instability or landslides. Legal
deforestation for timber production and use in industry also
adversely affects slope stability because of poor planning,
creating an imbalance. Presently, the need for more timber
for industry is causing deforestation and landslides.
B. Influence of Vegetation on Slope Stability
It is widely recognized that vegetation can stabilize steep
slopes (Rickli and Graf, 2009). Vegetation cover has an
impact on slope stability by:
 Influencing the physical stability of slopes by root
arming, weight of trees and wind induced forces
(Ziemer, 1981 a/b; Beinsteiner, 1981; Tsukamoto,
1990; Sidle, 1991; Bischetti et al., 2004; Medicus,
2009).
Influencing the hydrology by reducing the physical
force of rain drops, interception, evapo-transpiration, pore
pressures, suction power, quantity and volume of pores
(Markart et al., 2004; Markart et al., 2006; Thielen, 2007;
Tobias, 2003)

Fig. 1.5: Schematic drawing showing the interactions of vegetation, soil, rock and water.
However, the quantification of these processes is
Shallow seated soil
very difficult. In Table 1.8 and figure 1.5 relevant
cover, reinforced by
Tree
interactions between vegetation cover and the basement are
roots, below:
Low
1
demonstrated. Four possible interactions of tree roots and
compact, for roots
basement can be distinguished (Tsukamoto and Kusabe,
not penetrable rock
1984; Tsukamoto and Minematsu, 1987; Rickli, 2001).
These four possible interactions are further
Similar to Tree 1, but
influenced by biological parameters like number and variety
rock is slightly
of species, age of trees, the density of trees and treetops,
Tree
Very
disintegrated
and can
depth range of tree root system and healthiness of the forest
2
High
be penetrated by tree
(e.g. Rickli, 2001; Foetzki et al., 2004; Gaertner, 2004). For
roots
instance Rickli et al. (2001) find that areas with medium to
mature trees and very few clearance show minimum sliding
activity, whereas sites with very young trees and many
Medium to deep
clearances or storm damaged sites show the highest (Rickli,
seated soil cover with
2001; Markart et al.,2007).
a transitional layer,
Tree
which
is denser and
Medium
Stability
3
Type
Description
Friction Angle
has a greater friction
Effect
angle, to penetrate
this layer increases

If Saturated
with water
decreases of φ
and initiation
of slides.
If Saturated
with water
decrease of φ
but roots
reinforce slope,
minor surface
erosion
possible.
If Forests is
Unhealthy or if
roots tend to
grow
horizontal there
may be slides.
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slope stability.
The soil cover is
If Saturated
greater than root
with water
length, roots may
Tree
decreases of φ
influence hydrology
Low
4
and possibly
but do not increases
initiation of
mechanical slope
slides.
stability.
Table 1.8: Four possible interactions between tree roots and
basement
(Source: Steinacher et.al., modified after Rickli, 2001)
C. Shear Strength Parameters
Determination of the factor of safety by limit equilibrium
methods requires an estimate of the shear resistance that can
be mobilized along the assumed failure surface. The shear
strength of soil or unconsolidated rock is given by the
Coulomb failure criterion:
s = c + σ tanФ
equation 5.1
Where s = shear strength of material; σ = normal
stress on the failure surface, Ф = angle of internal friction;
c = Cohesion intercept
The angle of internal friction (Ф) and the cohesion
(c) are known as the shear strength parameters. They can be
determined from various laboratory tests on representative
samples of soil or; alternatively, back-calculated from
analysis of a failed portion of a slope by assuming a factor
of safety equal to unity. An important consideration in slope
stability analyses is whether to employ a total or an effective
stress analysis. This decision determines what type of shear
strength parameters must be used in the analysis.
D. Total Stress Analysis
A total stress analysis using un-drained shear strength
parameters (c, Ф) is limited to slopes where pore pressures
are governed by total (external) stress changes and in which
insufficient time has elapsed for significant dissipation of
pore pressures. These conditions are characterized of the socalled end-of-construction class of problems.
E. Effective Stress Analysis
When pore pressures are governed by steady scale seepage
conditions, or if long term stability is a consideration, then
stability analysis should be performed in terms of effective
shear strength parameters. This is the usual condition for
natural slopes in both soil and rock. Some jointed and
fissured clays respond to drainage along dominant
discontinuities so quickly that they should be analyzed in
terms of effective stress regardless of the time of loading or
unloading. Effective shear strength parameters (c, Ф) may
be obtained from results of either drained tri-axial tests or
un-drained tests with pore pressure measurements (Bowles,
1970). An effective stress analysis requires that effective
shear strength parameters be used and that the groundwater
table position or pore pressure distribution in the slope be
known from piezo-metric studies. If the pore pressure is
unknown or cannot be determined, there is little point to an
effective stress analysis; a total stress analysis should be
employed instead.
F. Sloping Terraces and Landslides
An increase in steepness or slope gradient leads to an
increase in shear stress on the potential failure plane and a

decrease in normal stress on both natural and man-made
slopes. On the other, hand, gentler slopes, particularly with
pervious soil covers are more prone to absorption and
percolation of water than steep slopes. Natural terraces with
steep angles and less vegetation, having pervious soil cover,
proved to be the most unstable areas. The relationship of
slope angles to the factors of safety of such terraces is given
in figure 1.6 It is clear from this figure that there is
substantial decrease in factors of safety of slopes where
there are increases in the water content of terrace materials.
Similarly, the safety factor decreases with an increase in
slope angles. Natural terraces where there is a lot of
cultivation are found to be stable, but ploughing these
terraces causes some degree of instability. Man-made
cultivated terraces and having, along with their approach
roads, are contributing to slope instability due to changes
caused in the geometry and configuration of the
morphological features. Such terraces also change the
surface and groundwater conditions.

Fig. 1.6: Relationship of Angle of slope (Terraces) with
stability number.
(Source: Forest Survey of India, Ministry of Environment &
Forests, and Government of India)
Soil bioengineering measures increase stability
mainly by increasing shear resistance either from
reinforcement of the soil mantle by roots or from
interception of shallow slip surfaces by imbedded stems.
Some soil Bioengineering measures also improve stability
by modifying the hydrologic regime in the soil, either by
transpiring soil moisture or by acting as drains. Live
fascines, elongated bundle of brush buried in shallow
trenches, for example, can act as conduits to intercept and
facilitate drainage. Live brush layers inserted between lifts
of soil near the face of a slope act as horizontal drains and
improve stability by redirecting seepage flow direction in
addition to mechanically reinforcing the soil.
G. Results
Measure to control or prevent mass wasting fall into two
basic categories namely: (1) measures that decrease shear
forces and, (2) measures that increase shear resistance.
These two approaches are antidotes to the factors that cause
mass slope failures.
According to equation
s = c + σ tanФ
equation 5.1
σ=γxd
equation 5.2
Where σ = effective strength which is calculated by
the help of bulk density and depth or height of the soil from
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the where the failure taken place. γ is saturated unit weight
of dolomitic limestone (Source Ministry of Science and
Technology, Department of Technical & Vocational
Education, CE-04015 Geotechnical Engineering).
By eq. (ii)
σ=γxd
Bulk Density of a dolomitic limestone 2670kg/m3
(Source: Stability Analysis of a landslide using distinct
element method By Shilpa Pal et.al.)
σ = 2670 x 9.8 x 0.9
σ = 23.549K Pa
The value of d = 0.9 Estimated depth and spread of
a tree‟s root system with good soil tilth is 90-95% in top 36
inches. (Source: Colardo State University).
Cohesion of Dolomitic Limestone is 4.8 M Pa
(Source: American Geophysical Union, fall meeting 2013,
abstract #T33C-2662)
S.no.

Location

Rock
Weathering

Rock
Type

For trees to function at their optimum, as the above
ground portion of the tree grows and expands so must the
root system. Relative relationship of the root to the shoot is
expressed as the ration of the weight of the root to the
weight of the top. Under normal conditions, this ration is
from 1/5 to 1/6, meaning that the top is 5 to 6 times as heavy
as the roots. Another way to view root system is to consider
that a seedling may have 2 to 6 feet of root length while the
root system of a mature oak tree may be hundreds of miles
in length.
Water is involved in the great majority of slope
failures, because the presence of water both increases shear
stresses and decreases shear strength. Accordingly, water
drainage and diversion measures are extremely important in
mass slope stabilization.

Vertical
Height (H)
Width of
(W)slide

σ in
KPa

TanФ =
H/W

c
inKPa

s=c+σ
tanФ

On Road (0.70 km
Dolomitic
Kempty & 14.30 km
High
H-20 W-45
23.549
20/45
4800
4810.46KPa
Limestone
Mussoorie)
On Road (0.83 km
Dolomitic
2
Kempty & 14.17 km
Moderate
H-10 W-12
23.549
10/12
4800
4819.62KPa
Limestone
Mussoorie)
On Road (1.20 km
Dolomitic
3
Kempty & 13.80 km
Very High
H-18 W-22
23.549
18/22
4800
4819.26KPa
Limestone
Mussoorie)
On Road (2.00 km
Dolomitic
4
Kempty & 13.00 km
Very High
H-20 W-25
23.549
20/25
4800
4818.83KPa
Limestone
Mussoorie)
On Road (5.00 km
Dolomitic
5
Kempty & 10.00 km
High
H-08 W-10
23.549
8/10
4800
4818.83KPa
Limestone
Mussoorie)
Below Road (7.00 km
Kempty & 8.00 km
Dolomitic
6
Moderate
H-150 W-120 23.549 150/120
4800
4829.43KPa
Mussoorie) at
Limestone
Surbhee Resort
Table 1.9: Inventory of landslides Shear strength parameters in the area around Mussoorie
(Source: Slope instability issues in the area around Mussoorie, Disaster Mitigation & Management Centre).
Soil bioengineering measures increase stability
of the slope, reducing the effective slope angle and allowing
mainly by increasing shear resistance either from
vegetation to become established. In addition, the living
reinforcement of the soil mantle by roots or from
cuttings used to make the walls sprout and grow, thus
interception of shallow slip surfaces by imbedded stems.
further strengthening the structure. Wattle Fences are used
Some soil Bioengineering measures also improve stability
where site moisture conditions will allow the living cuttings
by modifying the hydrologic regime in the soil, either by
on the face of fence to sprout and grow. Sites where fine
transpiring soil moisture or by acting as drains. Live
textured soils can provide ample summer moisture or where
fascines, elongated bundle of brush buried in shallow
seepage of groundwater provides moisture are suitable for
trenches, for example, can act as conduits to intercept and
wattle fence installations. Wattle fences provide breaks in
facilitate drainage. Live brush layers inserted between lifts
the slope and can therefore reduce the impact of rolling
of soil near the face of a slope act as horizontal drains and
materials on vegetation growing lower on the slopes. In
improve stability by redirecting seepage flow direction in
many cases, vegetation will have difficulty in becoming
addition to mechanically reinforcing the soil.
established where materials from above are constantly
bombarding it. Wattle fences can protect vegetation growing
lower on the slope and can assist in the re-vegetation of the
V. BIOENGINEERING SYSTEMS
sites through protection from rolling rocks and sliding
A. Bioengineering Systems for Steep Slopes
debris.
1) Wattle Fences
Wattle fences are used to reduce the effective slope
Wattle fences (Figure 1.7) are short retaining walls built of
of over steepened areas. They are most effective where
living cuttings. These walls take up the vertical component
moisture is plentiful and where the cuttings used to construct
1
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the fences will not dry out. In this regard, backfilling the
fences with fine texture materials will assist in providing
moisture during dry summer periods. The first year of fence
growth is the most critical as it is at this time that the
cuttings may show significant amounts of shoot growth with
little supporting root growth. This may cause summer
desiccation. Pruning excessive shoot growth can help to
balance root to shoot ratios. Willows can continue to grow
when buried and therefore provide a good plant material for
wattle fences where falling materials are expected to buy
vegetation growing lower on the slopes. Wattle fences can
provide support for over steepened cut and fill slopes and
for small soil slumps where excess soil moisture results in
small rotational failures of surface materials. In the case of
slumping sites, the wattle fences allow moisture to drain
through the face of the fence while the soils are retained
behind the fence. Where slumps are particularly soupy, the
branches and twigs may be retained on the cuttings to
provide additional support of the wet soils.
Wattle fences are constructed by establishing the
supporting rebar or cuttings in a row in the ground and
placing the cuttings behind these supports. Soil materials are
then backfilled behind the cuttings and additional cuttings
are added with additional backfill to increase the height of
the fence. Re-sloping behind the fence should be conducted
to create a slope of about 2:1 or less between the top of the
fence and the bottom of the fence above. Wattle fences are
constructed from the bottom of the slope up the slope so that
workers may have a place to stand while additional fences
are constructed.

Fig. 1.7: Wattle fences spacing sections

2) Modified Brush Layer
Modified brush layer are essentially a brush layer supported
on short, small log or board. The use of a log for support of
the brush layer provides the initial added advantage that the
small terrace which is created can serve to catch rolling
rocks rather than allowing them to roll down the slope,
gathering speed and damaging vegetation. Although the log
will eventually rot, the cuttings will, by that time, have
grown to the point where they are stabilizing the slope. As
the cuttings that are used in the brush layer grow, the wall of
plants will also serve to trap rocks and soil and prevent
movement of materials down the slope, thus further
protecting vegetation on the slopes. Modified brush layers
can be used on sites that would be too dry for effective
wattle fence growth but where some form of additional
support is needed for stabilization of the slope.
3) Brush Layers in a Cut
Brush layers in a cut are horizontal rows of cuttings (40 to
50 cm long) buried in the cut slope. In cuts or native ground,
brush layers are constructed by digging a trench across the
slope and laying in the cuttings. The cuttings should have at
least three-quarters of their length in the ground and if it site
is dry, seven-eighths of the cuttings should be in the slope.
Brush layers in a cut are built from the bottom of the slope
so that the second trench excavation can be used to backfill
the first and so on up the slope. Brush layers in cuts add
little to the stability of the cuts as no significant bench is
created by the brush layer as in modified brush layer and the
cuttings are not deep enough to provide substantial
mechanical stability as in brush layer in fill. The wall of
plant materials can act to control movement of materials
from the slopes and can assist in maintenance of a rod where
falling materials are a problem.
B. Bioengineering Systems for Soil Reinforcement
1) Live Staking of Sods
Establishment of healthy grass and legume cover in cut and
fill slopes is a requirement of road construction under the
Forest Practices Code. However, in some cases, the cover
which is established may tend to „peel‟ off the slope. In the
cases, live staking can be used to hold the sod in place and
to provide a diversity of rooting depths. This will prevent
the development of a slip surface below the sod. The length
of the cuttings used in live staking of sods will vary
depending on the depth of rooting.

Fig. 1.8: Schematic representation of live staking of sods
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2) Brush Layers in Fill
Brush layer in fill (figure 1.9) are also horizontal rows of
cuttings buried in a fill such as a pulled back road. Brushes
layers in fills are particularly useful where new roads are
being built or where roads are being deactivated. In either
case, brush layers can be used to strengthen the fill material.
In some cases, fill materials must be placed on steep (1.5:1
or greater) angles due to the geometry of the site. In these
cases, cuttings (1.5 to 3 in long) can be inserted into the fills

as they are constructed and can assist in creating a cohesive
mass from the fill material. The cuttings can act like the
bands placed in a reinforced earth structure and can give
significant mechanical strength to the fill even before they
start to grow. The development of brush layer in fills may be
particularly useful in situations where local over steepening
of the fills is required and incorporation of brush would be
useful.

Fig. 1.9: Brush layers in fill can act to reinforce the fill material
mountainous environment. Their bodies are stocky, their fur
VI. IMPACT OF DEFORESTATION
is thick, their ears are small and rounded, all of which help
to minimize heat loss. Poaching, human-animal conflict,
A. Impact of deforestation on a Species of Fauna in
decline in prey and excessive loss of habitat made him one
Uttarakhand
of the most endangered species of Uttarakhand.
1) Himalayan Musk deer
3) Himalayan Brown Bear
Himalayan Musk deer is the „State Animal‟ of Uttarakhnad.
It belongs to Ursidae family commonly called as Lal Bahu
Himalayan Musk deer is also commonly known as Kasturi
or Burra Bhalu. The Scientific name is Ursus arctos
Mirg. Scientific name of Kasturi Mirg is Moschus
Isabellinus. Himalayan Brown Bear found in rolling alpine
Chrysogaster, inhabitants the forested areas between 2,500m
meadows i.e. less than 3,000km2 ecologically and in low
and the tree line. About 3,300m in Uttarakhand is an
densities in the alpine regions of Uttarakhand and therefore
average elevation of the tree line. Kasturi Mirg in
it is very rare. The long fore claws of brown bears are not
2
Uttarakhand ranges from 0 to 4 animals per km according
adapted for climbing trees, but for digging insects, tubers
to density estimation. Areas which are well protected
and digging out the small mammals out of their burrows. It
2
density ranges between 3 to 4 km , while in highly degraded
has excellent sense of hearing and smell but relatively poor
2
and disturbed areas ranges less than 1 km . Due to
eye sight. Poaching for bear parts such as gall bladder, bear
possessing of caudal gland and musk gland, through which a
paws and retaliatory killings to reduce livestock depredation
yellow viscous secretion with an offensive odor is secreted
by herders are major threats to brown bear.
causes poaching for musk, and extensive habit degradation,
4) Barasingha
have led to the decline of Himalayan musk deer populations
The cervidae family member Barasingha, scientific name is
in various parts of the Forest.
Cervus Duvaucelii (Cuvier). It used to inhabit the basins of
2) Snow Leopard
the Indus, Ganges and Brahamaputra rivers, as well as
Also known as Barhal he, Barfani cheetah, belongs to
central Indiaa s far as the Godavari river. The Barasingha is
Felidae family and is very rare species. The Scientific name
a long-legged, long-bodied, medium sized deer with large,
of Snow Leopard is Uncia uncia, it is found in Alpine areas
scythe shaped antlers and large, spreadable hooves. The
of Uttarkashi, Tehri, Chamoli and Pithorgarh districts of
head body length is about 180cm, the height at the shoulders
Uttarakhand. Snow leopard occupies Alpine steppe,
is 115-125cm. The antlers grown up to a length of 104cm.
grassland and scrub habitat above the tree line. Snow
The weight is 230-283kg for an adult male, females are
leopard show several adaptations for living in a cold
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smaller and lighter. Hunting, poaching and more important,
diversion of the bulk of grassland to agriculture are
considered the main causes of their reduced numbers.
5) Indian Tiger
Indian Tiger belongs to a Felidae family, further sub divided
in three great cats like Asiatic lion, Bengal Tigers, wild cats
and leopard. The members of felidae family are in less
number in India due to excessive poaching. Indian Tigers
are carnivorous and feeds on various animals such as
sambhar, nigal, chital and wild pigs.
B. Impact of Deforestation on a Species of Flora in
Uttarakhand
1) Phataki
Aconitum Heterophyllum the scientific name of Phataki or
atis. Mainly found in open slopes in sub-alpine and alpine
areas between 2500-3500m, Jammu & Kashmir, Himachal
Pradesh and Uttarakhand, Pakistan and Nepal. One of the
highest values medicinal herbs. Dried tubers are sold at the
rate of Rs.7000-8000 per kg in the market. Roots are used to
cure dysentery, diarrhoea, fever, malarial fever, cough, cold
colic, headache, piles, hysteria, throat infection, cure for
dyspepsia, especially when appetite is lost after illness and
also in vomiting, abdominal pain and diabetes. It also checks
excessive menstrual flow. Fresh leaves used to cure
toothache. Over exploitation for medicine and due to
degradation it has become one of the most highly threatened
medicinal plant species that is showing a steady decline in
wild populations.
2) Doodh Atis
Also known as chhota atis, scientifically called as Aconitum
Violaceum. Found in Alpine meadows throughout
Himalaya, from 3500-4500m in Jammu & Kashmir,
Himachal Pradesh and Uttarakhand. Valuable medicine herb
highly traded. Root contains the alkaloid indoconitine, and
is tonic and is used in cough, cold, stomach pain, fever,
bronchitis, epilepsy, headache, inflammations, snake-bite,
renal pain and rheumatism. Over exploitation and habitat
degradation causes threatening of these species.
3) Mitha
The Scientific name of Mitha or banwa is Aconitum
Balfouri. Mianly found in Sub-Alpine, shady, moist slopes,
(3000-4000m) Uttarakhand to Nepal. Wide but sparsely
distributed Chamoli, Pithorgarh, Milum, Deoban (Chakrata)
Uttarkashi, and Berinag. Dried tubers are sold readily to
herbal industry. Current market price is around Rs.200 per
kg. The roots contain the alkaloid pseudacnitine, which is
highly toxic and biologically 1.5 times as active as
aconitine. Paste is applied for rheumatism, against neuralgia,
fever and bone complaints also used in gastric disorders,
leprosy, swelling, sciatica and wound. Over exploited
species due to ready market for tubers which are used in
Ayurvedic medicine.
4) Karru
Commonly known as Karvi, kamalphul, nilkanth and
scientifically called as Gentiana Kurroo Royle belongs to
Gentainaceae family. The beautiful gentian is known to
occupy precipitous south and South-West facing limestone
outcrops at approximate altitudes of 1700-2100m. In
Uttarakhand it is chiefly found as scattered populations in
and around Surkanda Hill of Mussoorie Forest Division,
Jaddi top of Narendra Nagar Forest Division and Deoban

hills in Chakrata Forest Division. It is also known to occur
in Himachal Pradesh and Jammu & Kashmir. Promising
commercial potential as source of herbal bitters to be used in
human as well as veterinary medicine. It is known to be very
beneficial as a liver tonic febrifuge, anthelmintic,
emmenagogue, blood-purifier, and carminative, digestive
and is used for the treatment of diabetes, digestive disorder,
hepatic disorder, bronchial asthma and urinary infection.
The entire plant is used, especially the roots. The existing
habitats of this species are vulnerable to pilferage,
degradation, road widening, etc.
5) Masi
The scientific name of masi is Nardostachys grandiflora
which is also known as jatamasi or Spikenard belongs to
Valerianaceae family. It is found at heights of 3400-4200m
in moist alpine rocky slopes of the state and is becoming
extremely rare to find. However, good population of the
species exists in Nanda Devi National Park and Bagi area of
Tehri Forest Division. The rhizome and the oil from the
rhizome area considered as tonic, stimulant, anti-spasmodic,
diuretic, emmenagogue, stomachic and laxative and are used
in hysteria, insomnia, dysmenorrhoea, skin diseases, throat
trouble, lumbago, ulcer, rheumatism, paralysis, etc. Known
to impart equanimity of mind and used traditionally as a hair
tonic to cure loss of hair as well. Extremely valuable oil
known as spikenard oil, used in perfumery and cosmetics.
Excessive exploitation and trampling by large herds of
sheep and goats in the alpine meadows
VII. CONCLUSION
The conversion of Tropical Forested areas into pastures or
other types of short vegetation will cause changes in the
microclimate of the disturbed areas. If the size of the
perturbed area is sufficiently large, even the regional climate
may be altered. Depending on the scale of these alterations,
they may cause climate changes at the global level and
affect regions distant from the tropical forests.
Tropical forests contribute in many ways to
maintain the present dynamical and chemical equilibrium of
the atmosphere. Forests represent a carbon reservoir, both
through aerial and root systems as well as though organic
matter in the soil. Estimates indicate that tropical forests
possess a reserve of carbon equivalent to 1.5-2.0 times of
carbon store of CO2 in the atmosphere. Therefore,
conversion of forests into pastures will release CO 2 from the
biosphere into the atmosphere, likely enhancing the
greenhouse warming. Forest burning associated with
clearing processes for conversion into pastures also releases
great quantities of particles and compound gases into the
atmosphere. These particles cause changes in the
atmosphere, especially in its chemical composition and
energy balance.
The bioengineering technique could be an effective
tool for the treatment of landslides and unstable slopes.
Treatments are relatively inexpensive and can provide
significant benefits in terms of reduced maintenance,
reduced erosion and enhanced stability. As living system
need little or no maintenance and continue to strengthen
over the years. Bioengineering can provide a useful bridge
between traditional engineering treatments and normal
seeding work. Bioengineering can also be a useful addition
in the reclamation of forest sites. Biotechnical systems are
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strong initially and should grow stronger with time as the
vegetation becomes established. Biotechnical erosion
control systems may withstand heavy rainfalls immediately
after installation. Even if initial vegetation dies, its plants
material and surface residue continues to play an important
mechanical and permanent vegetation establishment. In a
biotechnical erosion control system, the plant material may
provide both the structural and vegetative components of the
design. Biotechnical systems typically use indigenous or
locally adapted plant species wherever possible.
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