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1.0 ABSTRACT
Hilly areas are very sensitive to human induced landscape change. For that reason, the development in such areas has to
be viewed as an interaction of the anthropogenic activities with natural environment. The development therefore, should
take a sustainable approach, considering the protection of natural environment and resources as the important
priorities. The detrimental effects of development may lead to degradation of the environment and thereby may impact
biodiversity many a times leading to loss in sustaining the tourism and employability in such areas. Hence, it is
important to consider physical environmental factors while planning and design development in such areas. The present
study highlights the critical issues related to site development in hilly areas with respect to topography and natural
drainagein the study area. It also delineates the important areas for the natural drainage and riparian buffer that need to
be preserved and conserved for the healthy environment. The study also derives possibility of alternative plot shapes and
their orientation with respect to the land modulation it may cause for any building activity. Lastly, the study also stresses
on the use of native vegetation forbetter ecological functionality relevant to the area.

2.0 INTRODUCTION
Hilly areas are houses of biological diversity, habitat to endangered species and an essential part of the
ecosystem. The hilly areas can also, when exposed to unplanned and uncontrolled development will directly/
indirectly have an effect on the environmental resources of the region. Besides, tourism today, is one of the
world’s important sectors for economic exchanges and employment in many hill areas.However, with the
rising tourism industry it is important to give due consideration to the interrelationship of the environmental
resources and anthropogenic interventions to accommodate tourism activity(UNWTO, 2017).The serene and
scenic quality of the natural environment and the abundance of natural resources are of great value to any hill
town; as all of them sustain the tourism activity of that place. The excessive pressure of tourism development
can lead to degradation of environmental quality and resources of the hilly areas, which in turn may have an
impact on the tourism activity, economy and employment of that place(Kumar & Pushplata, 2012).Thus, the
unchecked development in these sensitive places may causean irreversible damage to the resources on which
the tourism is based. Indian hill towns are the peculiar examples of massive urban development in
environmentally or ecological sensitive, which are growing exponentially over and above of their natural
carrying capacities(Kumar & Pushplata, 2012).Thereby, it becomes increasingly important to have a
sustainable spatial planning and designapproach in hilly areas(Programme Evaluation Organisation, Planning
Commission, 2010)(Tyrväinen et al., 2014). An integrated approach in development can lead to better
environmental conditions and improved anthropogenic intervention. Thismay facilitate to apportion resources
for further betterment of the living conditions in sync with the natural environment(Latkar). Since the 1970’s
there has been a growing awareness of the need to deliberate the environmental values to the development of a
hilly area. Ian McHarg (1995)(Steiner F. , 2000)and othershave brought into focus the growing philosophy of
ecological processes; which offer the vital basis for planning and design(Steiner F. , 2000)(Belsky, A. J.;
Brown, R. .T. et al., 1995). Though, this vision has been accepted by many, its potential and applicability still
remains unexplored at local levels.
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3.0 BACKGROUND
In India the Western Ghats have an exceptionally high level of biological diversity and endemism and is
recognized as one of the world’s eight ‘hottest hotspots’ of biological diversity (UNESCO, 2012). The forests
of the Western Ghats include some of the best representatives of non-equatorial tropical evergreen forests in
the world (UNESCO, 2012).The area has evergreen forest, with bushy forests ranging up to a region of about
4000 – 5000 feet in height, with water bodies and rivers, which makes it a cradle of biodiversity. The Western
Ghats extend from the Gujarat Maharashtra border, go south past Goa, through Karnataka and into Kerala and
Tamil Nadu end at Kanyakumari embracing Indian Ocean.

In the state of Maharashtra, the tourism projects are finding destinations in the serene ambiance and the
pleasant climatic setting of the Western Ghats. Maintaining the natural processes first and then fitting human
activities which can be supported by the natural environment, make sense and assurance of the preservation of
ecological infrastructure become asset and service to the development(Planning Commission, 2008). The
study focuses on evaluation of a hill town development on certain natural environmental parameters. The
study alsoattempts on the understanding of the complexity of appropriate alternatives for the site development
for any hilly area. The methodology adopted in this study may be replicated to study other hilly areas of
similar situation in the country. Apart from the architects, planners and decision makers, the outcome of the
research will help the city dwellers and city users in understanding the cause and effect of human interference
on the fragile hill slopes. It will also help the relevant public body to take necessary precautionary
development measures in the natural hilly environment so that the residents can enjoy a better life.

4.0 STUDY AREA
Present area has been taken as a case on the basis of nature of the project which is envisaged for tourism.The
scale of project and location is in ecologically significant hilly areas of Western Ghats.The areaproposes a
planned development spread over 29000 acre which consists of 11 watersheds of Varasgaon basin. The scope
of the research is limited to the effects of development in a smaller study areai.e. a 2500 acre watershed. It is
situated at about 565 m to 1025 m altitude above the mean sea level.The average maximum temperature
recorded by the nearest weather station at Panshet is 41° C and minimum of 6 ° C. The rainfall in the area
varies from 5000 to 8000mm. The study focuses on appropriate alternatives for planning, development and
design studied in detail on the certain parameters of environmental planning which would facilitate
preservation of the ecological environment of the area.

Figure 1 Location of the study area

Dasve
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METHODOLOGY
The study involves thorough site analysis by visiting and documenting the study area along with the analysis
using ArcGIS10. The spatial analysis tools are used to derive the thematic maps for the study area. The site
inventory was prepared for the physical/biological environmental aspects as relevant to the area. The aspects
considered were topography, soils, streams and riparian corridors, rainfall, natural vegetation,cultivation,
forest areas and natural habitat areas. Careful understanding of all these environmental parameters will result
in minimizing hazards to life and property,protect water quality, minimize soil erosion, protect important
aquifers and recharge areas, preserve open space, protect sensitive and unique natural areas.

4.1 Physical site inventory
Study area was divided into two parts that is over view and detailed inventory. The intitial study identified the
sensitive zones and valuable landscapes for preservation. Other land classes were identified on the basis of
physical features and management needs.The total study area is comprised of six major land classes as
cultivation, streams and riparian corridors, forest, wetland, gully, spur tops.

These land classes can be further divided into subclasses as below.

1. Cultivation:

a) Shifting cultivation

b) Cultivation in the submergence area of the reservoir

c) In stream terraces.

2. Streams and riparian corridors:

a) First order streams

b) Second order stream

c) Third order stream

d) Fourth order stream

3. Forest & Vegetation:

a) Government Forest

b) Sacred Grove

c) Thicket

d) Evergreen shrub

e) Karvi slopes (Karvi is an opportunist bush that spreads after the thinning of the trees. But it holds soil on
the slopes and protects it from erosion.

4.2 Faunal Diversity:
The diversity in fauna basically depends upon the flora. The richer is the diversity among flora; better will be
the diversity in fauna. There are insects, birds, mammals, reptiles, amphibians, fishes and other invertebrates.
Insects form the base of food chain. Having good insect diversity means better chance for higher fauna to live.
There are smaller animals like Hare, Barking Deer, Mouse Deer, Civet, Mongoose, Fox, Hyena, and Sambar
(very rare). The birds always indicate the conditions of the habitats. The areas having good bird diversity
signify the healthy forest.

4.3 Soil study:
Lateritic soil is generally reddish or yellowish red in colour and often has a vesicular structure. The lateritic
soils contain a larger proportion of kaolinite clay materials. These soils show typical properties of clay such as
plasticity, cohesion, shrinkage, expansion, base-exchange only to a small extent. The soil has low water
holding capacity.

Skeletal Soils ( Kanhor): These soils lie on the steep slopes of the hills. These consist of scanty to skeletal
gravelly loam of dark reddish brown color. The depth varies from 75 to 150 mm thickness.
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Varkas Soils: These lie on comparatively gentle slopes. These soils are yellowish-red stony loam to sandy
loam varying in depth from 75 to 300 mm

Halwar Soils: These soils are just below the varkas soils where coarse and early varieties of paddy can be
grown. These are protected on all sides by earthen bunds. But due to heavy rainfall heavy erosion takes place.
These soils consist of reddish brown loam of depth varying from 300 to 460mm with slightly acid to neutral
reaction.

4.4 Soil Moisture Study:
The site receives very heavy rainfall and the region transforms into a lush green area in monsoon. The site has
a good vegetation cover post monsoon. Therefore there is considerable amount of moisture in the soil till the
end of winters. In the month of summer only the areas near the water body and the streams show more
moisture content due to the dense vegetation. The comparative study of soil moisture for both the season
reveals that the areas near the valley and main streams have good moisture content all throughout the year.

5.0 RESULTS AND DISCUSSIONS
The above mentioned parameters of environmental planning were adopted for the study area. The analysis and
discussion of parameters are discussed as below.

5.1 Topography
It is important to understand the topography of the area in a hilly area to get a further understanding of the
possible areas for development in context of the slopes and the natural drainage (Kawakami et al.,
2013)(Mays, 2004). The topography studies were done on the basis of the DEM obtained from Cartosat 2. The
elevation range for the study area is as shown the Figure 2.

Figure 2 Elevation range for the study area

Contour
Lake
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As seen from the Figure 2, the highest elevation is towards the north in the range of 1000 m. The lowest
elevation, towards the lake is 564m. The areas above 1000 m are not considered for the developmental
purpose for this study area. Further, to check the possibility of development on the basis of slope criteria is an
important parameter for such hilly areas. The variation in slope is as shown in Figure 3.

5.1.1 Slope Analysis
It is important to protect the slopes in hilly areas with steep slopes and heavy rainfall to avoid soil erosion and
the disasters that may be caused due to slope stability failures(Powell, 1974). The measures such as reverse
sloped bench terraces which may be continuous or discontinuous and protected waterways are important for
conservation of steep slopes (Sheng, 1990). The figure below shows the slope analysis generated using
ArcGIS 10 for the study area.

Figure 3 Slope Analysis
Valleys are ecologically fragile areas that are affected by the interaction between sloping land and water. The
development therefore needs to address towards conservation of these two parameters. The slope analysis is
important to understand the potential for excessive erosion on steep slopes and a physical limitation to
development. Existence of steep slopes needs careful planning to avoid adverse impacts to the surrounding

Designated forest
area
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environment.According toSew & Chin(2000) for man-made slopes, the following causative factors may lead
to slope failure

 Improper design, analysis or construct
 High intensity rainfall
 Lack of maintenance

The slope analyses helps to derive the area under critical slope for the study area as shown in Figure 3. The
percentage area derived under a range of slope is as shown in Figure 4.

Figure 4 Percentage area under slope
As per the analysis 43% area of the total land is under 33% and above which are critical for any building
activity. Any construction activity in this range of slope is not recommended for the study area. Remaining
57% area allows for building activity with lesser impact varying as per slope category of the landform. Low
land and upland slopes are flatter on north, south and west side. On eastern side upland slopes are steep

5.1.2 Road network and steep slopes
A typical example of aligning roads along slopes is discussed as below.

Case 1 - Upper slope, north-east
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Case 2 - `Middle slope, west

Figure 5 Roads in the area of steep slope.
Initial field visit, indicates the possibility of soil erosion insuch areas with high slopes in thestudy area. The
cause and effect relationship of soil erosion is related loss of vegetation, loss of valuable top soil and increased
run off. The site is in extreme rainfall zone it and receives varying 5000 – 8000 mm rainfall from east to west.
High intensity rain fall will worsen the situation in this case.The need for appropriate slope protection
measures is evident.Regulations related to preservation of existing trees and plantations of new trees in
building regulations of hill townsare not followed at every road section including streets with residences.

5.1.3 Plotting in the study area
There are various sizes of plots in the study area varying from 1/8th of an acre to 1 acre. The alignment of the
plots can be seen as shown in the Figure 6.

The building footprint has a direct impact on the cutting of the slope and leads to disturbance of natural
drainage, loss of top soil and vegetation. Moreover,earth produced from cutting of slopes is dumped into
valley areas or near water sourcesthus, blocking river/stream flow.  This may cause serious impacton water
quality and aquatic life. For present study, in smaller sized plots the ratio of length to width is 1: 5 because of
the narrow rectangular shape, aligned perpendicular to contours the plot has an elevation difference of 28 M
which may involve higher degree of cutting and filling and land modulation. Instead an alternative shape
aligned along the contours may reduce the elevation difference as well as cutting and filling activity.
However, this also reduces the road access to the households. Further overlaying the plotting with the slope,

Figure 6 Plotting in the study area
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indicates 24% of the plots conflict with the critical slopes and may need special attention at the time of site
development.

5.2 Surface Hydrology: location and order of water streams
Obstructing the natural drainageways may be detrimental to slope stability. Hence, care should be taken to
keep the natural valley lines without any obstruction so as to allow easy movement of runoff from the paved
areas(Sarma, et al., 2012). Proposing and maintaining of clear drainage ways becomes more important when a
development or land use change is proposed in hilly areas as the imperviousness of the surface increases
leading to high runoff generation. Studies have shown significant influence on the hydrological components
due to land use changes in watersheds (Yu-Pin et al., 2007), (Sarma et al., 2005). Considering these factors, it
is advisable to go for an appropriate design of the drainage system in line with the natural drainage

Being a development in the hilly region, water is one of the major elements to be considered, conserved and
protected during and after construction. Two major river corridors from the north- east and north-west form
the major source of water. A variety of water streams up to 4th order come from east and west. Buffer along
the water streams is important to protect and preserve the natural drainage pattern. These areas are also the
places for habitat to grow and flourish. The moist soil and continuous deposition of silt allows vegetation to
grow. The natural drainage of the area is as shown in Figure 7.

Figure 7 Natural drainage of streams
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The streams were derived from the cartosat 2 DEM. The riparian buffer was derived from the streams so as to
allow the natural drainage. Maintaining the riparian buffer will also help to reduce the instances of flooding,
soil erosion and also protect the natural corridors for the biodiversity of the area. Mapping and analysing the
streams and buffer corridor it was found that most of the streams are considered while designing. At junctions
of roads and valleys, culverts are provided as shown in Figure 8. However, the greening of those corridors is
yet to be done.

Figure 8 Culverts to facilitate movement of water
Further,Figure 9 shows the critical and environmentally important areas of stream and the riparian zone that
need to satisfy the environmental requirements while considering development in terms of plotting and road in
the study area as these may have a negative impact on the biodiversity due fragmentaion(Tilman et al., 1994)

Figure 9 Stream corridors with riparian buffer and development
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6.0 CONCLUSION
Sloping land and water are the two important design imperatives to design in an environmentally sensitiveway
in hilly areas. Avoiding building activity, protection and conservation of steep slopes and minimal disturbance
to natural drainage pattern is of vital importance.High intensity rainfall varying from 5000-8000 mm makes
the situation of soil erosion very critical if the greening of the steep slopes is not undertaken. As seen in the
study area, 24% of the plots and 43% of the road area may be critical for taking up any building activity with
respect to the slope and potential soil erosion in the area. If it is unavoidable to realign roads, measures for
slope protection may become necessary in the critical stretches of road length.

For the economic purpose most of the plots has narrow rectangular shape and since these are planned
perpendicular to contours it cut across maximum number of contours which cause high degree levels to be
flattened for construction within the plot. Making the plots of alternative shape or parallel to contours will
reduce the amount of land modulation required but simultaneously it may reduce the number of plots having
road connectivity. Further, planning the smaller plots on the steep slopes increases the land modulation
activity as maximum land is flattened for construction. A smaller plot proposed on a flatter terrain proves to
be beneficial as it requires the minimum change in the landform.

In the habitable and road side construction, native vegetation pattern is changing to non-native plant species;
this will affect the dependant native fauna. E.g. the local specie karvi is important because it holds the soil
from the slopes and protects it from erosion. The new vegetation like lawns or other ornamental vegetation
may be aesthetically appealing but may lack in the ecological functionality relevant to the place.

The natural resources like water streams, native vegetation, soil, and fauna provides service value to the
human habitation. The tourism development principally depends on the destination resources; but economy
generating approach towards development may destroy the natural resources of the place. Hence conservation
and protection of natural resources should be of prime concern in the development of hilly area.
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