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Integrated Watershed
Development and
Management

A Watershed Area is defined
as the Area or Catchment from
which All the precipitation/
Rainfall/Runoff Water Passes
Through a Common Drainage
Point. A Watershed is basically a
Geo-hydrological Unit. A Water-
shed is a geographical unit with a
common natural drainage outlet
A watershed is an area of land
that feeds all the water running
on or under it and drains off of it
into a body of water. It combines
with other watersheds to form a
network of rivers and streams
that progressively drain into larg-
er water areas. Topography deter-
mines where and how water
flows. A Watershed can also be
defined as an area that drains to
a common outlet. It is the basic
building block for land and water
planning. A Watershed is also
called a geohydrological unit in
which the hydrological cycle and
its components can be analyzed.

MURALI KOCHUKRISHNAN

Environment Expert cum

Hydrogeologist, A watershed is an area that ap-
State Mission Management Unit pears, based on topography, to
AMRUT, Kerala contribute all the water that

passes through a common point
of exit. The surface trace of the
boundary that delimits a water-
shed is called a divide. The hori-
zontal projection of the area of a
watershed is called the drainage
area of a stream at that cross-
section. Soil and Land Use Sur-
vey of India defines a watershed
as a natural hydrologic entity
governed by the terrain topogra-
phy from where runoff is drained
to a point.
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Fig:1 - A Typical Watershed The word
‘Watershed’ has different meanings. In
British English, it means a ridgeline or a
line which shows slopes in two different
directions on either side. A ridgeline is
also a line connecting the points of high-
est elevation in a terrain. Therefore, a
ridgeline is also known as a ‘watershed
line’ or a ‘surface water divide’.

What is Integrated Watershed
Management?

Integrated Watershed manage-
ment is a way of looking at the
relationships among people, land
and water. Watershed Manage-
ment with community participa-
tion is the growth engine for de-
velopment, especially for the dry-
land areas. Currently, watershed
programmes are not focused sole-
ly on soil and water conservation
but, they have a more important
role to play in securing food and
water security, poverty eradica-
tion, protecting the environ-
ment and addressing issues of
equity and livelihoods, thus
known as Integrated Watershed
Management. The integrated wa-
tershed approach is about recog-
nizing consequences of Human
intervention by seeing the entire
system and creating strategies to
manage resources and human
activities in a healthy and sus-
tainable way. The natural re-
sources within a watershed have
greater Ecological and Economic
value.

Major Aim of Integrated Water-
shed Management Project/
Programme:

The main aims of the IWMP are
as follows: -

a. Restore the Ecological Bal-
ance by harnessing
(controlling and using), con-
serving and developing de-
graded natural resources
such as soil, vegetative cover
and water.
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b. Prevention of run-off inhibited soil erosion and soil losses,

c. Regeneration of Natural vegetation,

d. Rainwater harvesting and recharging of the ground Water table and enhancing its
regime,

e. Enabling multi-cropping and the introduction of diverse agro-based activities, which
help to provide sustainable livelihoods to the people residing in the watershed area.

Objectives:

The main objectives of any Integrated watershed project/programme would be to:

e eR MO QO T P

To dissipate (reverse) soil and water erosion and surface run-off.
To harvest (collect)/recycle surface runoff and rainwater.

To enhance soil moisture regime/water holding capacity.

To promote sub-surface flow, base flow and groundwater recharge.
To improve soil health and tilth.

To improve production and productivity.

To promote the generation and gainful employment opportunities.

he benefits of this IWMP Approach further includes: -

Economic and Social development of the community.

Employment generation and better livelihood opportunities.
Maintaining Ecological Balance.

Integrated and multi-disciplinary approach.

Progressive, corrective and curative community-based approaches.

Delineation of a Watershed:

The fundamental source of data for delineating watersheds is the Survey of India’s topo-
graphical maps. These maps give a wealth of information including topographic contour
lines, locations of settlements, buildings, roads, road types, railroads, pipelines, water
bodies, forested land, stream networks, and stream gauging stations and benchmarks.

The standard scale of the topographic map used for watershed delineation is 1:50,000
with contour intervals of 20 meters showing the elevation. Topographic maps of
1:25000 are also available from the Survey of India with a contour interval of 10 me-
ters. The selection of scale for topographic maps depends on the project and the details
required for operations. Topographic maps can be acquired from Survey of India nodal
offices at the state level or from headquarters at Dehradun. These maps also can be pro-
cured through the online services of Survey of India. The georeferenced digital format of
maps suitable for GIS-based analysis is also available for procurement from the Survey
of India.
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The following steps are to be followed for deline-
ation of the watershed from topographic maps:

Step 1: Choose the point of the watershed
outlet.

Figure 2.1: Watershed delineation 1

Step 2: Identify the lowest and highest con-
tours in the stream area of the identified wa-
tershed outlet.

Figure 2.2 Watershed delineation 2

Step 3: Mark the slope direction

Figure 2.3 Watershed delineation 3

Step 4: Delineate the watershed boundary by
drawing perpendicular lines across the eleva-
tion contour lines for land that drains to the
watershed outlet point. Draw a line away from
the left bank or the right bank always main-
taining an angle of 90° to the contour lines.
The line is drawn along the ridge which is the
highest portion between the two watersheds.
Finish the drawing at the opposite bank of the
watershed outlet point. Thus, creating a poly-
gon-shaped area. This area is the watershed
area and the boundary line is a watershed
boundary.

Figure 2.4: Watershed delineation 4

By this method, we delineate the topographic wa-
tershed. But in the case of higher scientific
study, one might require Geology, hydrogeology
understanding and groundwater levels to demar-
cate the real watershed.
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Characteristics of Watersheds:

All characteristics affect the disposal of water out of the Mouth/
outlet of the delineated watershed.

SIZE: It helps in computing parameters like precipitation received,
retained, drained off.

SHAPE: Different shapes based on morphological parameters like
geology and structure, eg. pear, elongated etc.

PHISIOGRAPHY: Lands altitude and physical disposition.
SLOPE: It controls the rainfall distribution pattern and movement:
CLIMATE: It decides the quantitative approach.

DRAINAGE: It determines the flow characteristics and so the ero-
sion behavior.

VEGETATION: Information of species gives a sure ground for selec-
tion of plants and crops.

GEOLOGY AND SOILS: Their nature determines size, shape, physi-
ographic, drainage and groundwater conditions. Soils, derivative of
rocks are the basic to greenery coverage.

HYDROLOGY: Basic to final goal of growing greenery in a water-
shed. It helps in quantification of water available.

HYDROGEOLOGY: Availability of groundwater its quantity and
quality aspects.

SOCIO-ECONOMICS: Statistics on people and their health, hy-
giene, wants and wishes are important in managing water.

Factors Affecting Watershed Hydrology:

Climatic Factors:
e Rainfall: its intensity, duration and distribution
e Snow
¢ Evaporation and Evapo-transpiration
Physiographic Factors:

¢ Basic characteristics

e Geometric factors: drainage area, shape, slope & stream density.

e Physical factors: land use, surface infiltration conditions, soil
types etc.

¢ Channel characteristics: carrying capacity & storage capacity

Geological & Hydrogeological Factors:

¢ Lithologic including composition, texture, sequence of rock types
& the thickness of rock formations

e Structural, including chief faults & folds that interrupt the uni-
formity of occurrence of rock types or sequence of rock types al-
so beds, joints, fissures, cracks, etc.

e Hydrologic characteristics of the aquifer’s permeability, porosity,
transmissivity, storativity etc.

Classification of Watershed:

Watersheds are classified using measurable characteristics like size,
shape, stream order, location, groundwater exploitation, and land
use. However, the main classification of the watershed is discussed
broadly based on size and land use. Two watersheds of the same
size may behave very differently if they do not have similar topogra-
phy, relief and channel phases.

The descriptions of different watershed classifications are as below:

Based on Size — The main implication of watershed size appears in
terms of spatial heterogeneity (different types) of hydrological pro-
cesses. The spatial variability of watershed characteristics increases
with size; therefore, large watersheds are most heterogeneous. As
the watershed size increases, storage increases. Based on the size,
the watersheds are divided into three classes.
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< 250 km?

Between 250 to 2500 km?2
> 2500 km?

Small Watersheds: Small watersheds are those where the overland
flow and land phase are dominant. The Channel phase is relatively
less conspicuous. The watershed is highly sensitive to high-intensity
and short-duration rainfalls.

Medium Watersheds: Being medium in size, the workability in
these watersheds is easy due to the accessible approach. Rather
than size, the shape of the watershed plays a dominant role. Over-
land flow and land phase are prominent.

Large Watersheds: Large watersheds are less sensitive to high-
intensity-rainfalls of short duration. The channel networks and
channel phase are well-developed, and, thus, channel storage is
dominant.

Classification of Watershed Based on land use:

Land use defines the exploitation (natural and human interactions)
characteristics of watersheds which affect the various hydrological
processes within the watershed. The watershed classification based
on the land use can be given as below: -

Agricultural Watershed: Agricultural watershed is the watershed in
which agricultural activities (crop cultivation) are dominant. It expe-
riences perhaps the most dynamically significant land-use change.
This usually leads to increased infiltration, increased erosion, and/
or decreased runoff. Depression storage is also increased by agricul-
tural operations. When the fields are barren, falling raindrops tend
to compact the soil and infiltration is reduced. There is lesser devel-
opment of streams in agricultural watersheds. The small channels
formed by erosion and runoff in the area are obliterated by tillage
operations. The soil structure is altered by the regular application of
organic and/or inorganic manure. This, in turn, leads to changed
infiltration characteristics.

Urban Watershed: These are the watershed areas having maximum
manipulation for the convenience of a human being. These are dom-
inated by buildings, roads, streets, pavements, and parking lots.
These features reduce the infiltrating land area and increase imper-
viousness (where water cannot pass through). As drainage systems
are artificially built, the natural pattern of water flow is substantial-
ly altered. For a given rainfall event, interception and depression
storage can be significant but infiltration is considerably reduced.
As a result, there is a pronounced increase in runoff and a pro-
nounced increase in soil erosion. Thus, an urban watershed is more
vulnerable to flooding if the drainage system is inadequate. Once a
watershed is urbanized, its land use is almost fixed and its hydro-
logic behavior changes due to changes in precipitation.

Mountainous Watershed: Because of higher altitudes, such water-
sheds receive considerable snowfall. Due to steep gradients and rel-
atively less porous soil, infiltration is less and surface runoff is dom-
inantly high for a given rainfall event. The areas downstream of the
mountains are vulnerable to flooding. Due to snowmelt, water yield
is significant even during spring and summer.
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Forest Watershed: These are the watersheds
where natural forest cover dominates other land
uses. In these watersheds, interception is signifi-
cant, and evapotranspiration is a dominant com-
ponent of the hydrologic cycle. The ground is usu-
ally littered with leaves, stems, branches, wood,
etc. Consequently, when it rains, the water is held
by the trees and the ground cover provided a
greater opportunity to infiltrate. The subsurface
flow becomes dominant and there are times when
there is little to no surface runoff. Because forests
resist the flow of overland water, the peak dis-
charge is reduced. Complete deforestation could
increase annual water yield by 20 to 40 %.

Desert Watershed: There is little to virtually no
vegetation in desert watersheds. The soil is mostly
sandy and little annual rainfall occurs. Stream
development is minimal. Whenever there is rain-
fall, most of it is absorbed by the porous soil,
some of it evaporates, and the remaining runs off
only to be soaked in during its journey. There is
limited groundwater recharge due to the occur-
rence of less rainfall in these watersheds.

Coastal Watershed: The watersheds in coastal
areas may partly be urban and are in dynamic
contact with the sea. Their hydrology is consider-
ably influenced by backwaters from waves and
tidal action of the sea. Usually, these watersheds
receive high rainfall, mostly of cyclonic type, do
not have channel control inflow, and are vulnera-
ble to severe local flooding. In these watersheds,
the water table is high, and saltwater intrusion
threatens the health of coastal aquifers, which
usually are a source of the freshwater supply.

Marsh or Wetland Watershed: Such lands are
almost flat and are comprised of swamps, marsh-
es, watercourses, etc. They have rich wildlife and
plenty of vegetation. As water is no limiting factor
to satisfy evaporative demand, evaporation is
dominant. Rainfall is normally high and infiltra-
tion is minimal. Most of the rainfall becomes run-
off. The flood hydrograph peaks gradually and
lasts for a long time.
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Mixed Watershed: These are the watersheds
where multiple land use/land cover exists either
because of natural settings or due to a combina-
tion of natural and human interaction activities.
In these watersheds, a combination of two or
more of the previous classifications occurs and
none of the single characteristics dominates the
area. In India, most of the watersheds are of
mixed nature characteristics, where agriculture,
forest, and settlements (urban and rural) all oc-
cur within the same watershed.

Watershed Classification Based on Water Re-
sources Divisions:

The watershed delineation can be interpreted in
to seven stages falling under Water Resource Re-
gions and their subsequent divisions and subdivi-
sions into Basins, Catchments, Sub-
catchments, Watersheds, Sub-watersheds and
Micro/ Mini watersheds in decreasing size of the
delineated hydrologic unit. Table: 1.2

Sl. | Category of Hy- | Size Range (ha) Average Size
No. | drologic Units (ha)
1. |Water Resource 270,00,000 - 5,50,00,000
Region 1130,00,000
2. |Basins 30,00,000 - 95,00,000
300,00,000
3. |Catchments 10,00,000 - 30,00,000
50,00,000
4. |Sub catchments 200,000 - 7,00,000
10,00,000
5. |Watersheds 20,000 - 1,00,000
300,000
Sub watersheds 5,000 - 9,000 7,000
7. | Micro watersheds 500 -1,500 1,000




Data Required for Watershed Planning:

The data required for watershed planning can be grouped as
follows:

Data Required for Watershed Planning
1

Environmental and
ecosystem Data

Hydrological Data

Physiographic Data

Data on Precipitation || Topographical —— Socio-Political Data
Data
Data on Precipitation L Economic Data
. || Land Use/ Land
abstraction, other
. Cover Data
meteorological data
— Soil Data

Figure 3. Grouping of the data required for Watershed planning

To know what data is available and how to get district-level data
or information, it is necessary to become familiar with national,

Classification of watershed state, district, block and city/village level agencies. It is im-
based on Average size and size portant to understand the authority and jurisdiction of the agen-
ranges for each Hydrological cies in the watershed. This understanding facilitates the search
Unit (Area in Sq.km) Table 1.3 for information and also provides valuable insight into the activi-
#| Categories Area in Sq. km ties which are most likely to be implemented in the watershed.
1| River Re- 1.5-12 lakhs sq Conclusion:
source Re- km In conclusion, the integrated watershed programme represents a
gions holistic and sustainable approach towards managing and en-
2| Basins 0.3- 3.0 lakhs sq hancing the health of watersheds. Through the integration of var-
km ious components such as soil conservation, water management,
3| Catchment 0.1 - 0.5 lakhs sq afforestation, and community participation, this program strives
km to address the complex and interconnected challenges facing wa-
4| Sub catch- 2000 - 10000 sq tershed ecosystems.
ment Lo One key takeaway is the importance of community engage-
S| wraiERaed S0 - 21000 =) i ment and participation in the decision-making processes. By
involving local communities, the program not only ensures the
6] Sub- 50 - 500 sq km relevance of interventions but also fosters a sense of ownership
aLeisied and responsibility among the people living in the watershed
7| bkl e 10 = 50isq km areas. This community-centric approach is crucial for the
ehicd long-term success and sustainability of watershed manage-
& Db i 5-10sqkm ment efforts. Furthermore, the integrated watershed programme
sl recognizes the interdependence of various elements within the

watershed, emphasizing the need for a comprehensive strategy.
Managing soil erosion, improving water quality, and promot-
ing sustainable land use practices are interconnected goals
that require a synergistic approach. The program's success lies
in its ability to strike a balance between environmental con-
servation and the socio-economic needs of the communities
within the watershed.

In essence, the integrated watershed programme stands as a
commendable model for sustainable development, promoting
harmony between human activities and the natural environ-
ment. By addressing the multifaceted issues within watersheds,
the program contributes not only to Ecological resilience but
also to the well-being and prosperity of the communities that de-
pend on these vital Ecosystems. As we move forward, it is essen-
tial to continue refining and expanding such integrated ap-
proaches to safeguard our watersheds and ensure a more sus-
tainable future for generations to come.
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