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1.1 Definition of watershed

In American English, the word ‘watershed’ is used as
a synonym for ‘catchment’ or ‘basin’ wherein “VHAT IS A WATERSHER?

rainwater or storm water gets collected from an area the making of a River . d 4
enclosed by a ridge line. This water eventually flows | ( ;?ah S
through the various drainage channels which merge :
with one another to form one or rarely more than
one outfall(s) of a stream. Thus, ‘watershed’ is
defined as an area enclosed within a watershed line.
In this course, the word ‘watershed’ is used for a
small basin or a small catchment representing a
hydrological unit which drains all its rainwater into a

stream. Therefore, it is independent in terms of its

water in ieneral and surface water in iarticular.

Precipitation /// snhowpack
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To distinguish a watershed -which generally implies a small catchment or a basin,

»Bali (1980) suggested an upper area limit of 2,000 km?2 for a
watershed.

» This classification is an extension of the classification suggested by
Rao (1975) for large river basins -with an area greater than 20,000
km2, medium river basins —with an area between 2,000 and 20,000
km?2 and small river basins commonly referred to as watersheds.



All India Soil and Land Use Survey (AISLUS)

All India Soil and Land Use Survey (AISLUS) in 1990 classified watershed into 5
categories

based on their areas

macro-watersheds 500 and 2,000 km?
sub-watersheds 100 and 500 km?
milli-watersheds 10 and 100 km?
mini-watersheds 1 and 10 km?
micro-watersheds area less than 1 km?



» A watershed is a physical entity consisting of the natural
elements in it such as plants of various sizes and types
which grow over various types of soil or rock layers.

» Additionally, watershed also comprises of all the artificial
elements such as roads, bridges, tunnels, buildings, and
burrow holes etc. which are mostly introduced in it by
human beings .



1.2 Scope of Watershed Management

“*As we have already seen in the previous section, watersheds
represent small basins.

***By delineating the ridgelines in a medium or a large river basin, the
entire basin can be subdivided into a number of watersheds

***Because of their compact size, it is always easier to manage
watersheds rather than a river basin.

“*In a well-managed watershed, all the natural resources such as soil,
water, vegetation, etc. are conserved.



»\egetation or plants play a vital role in conserving the natural
resources of a watershed such as soil and water.

» The underground components of the plants such as roots spread
within the soil and thereby stabilize and reinforce the soil. This
generally leads to soil conservation.




“*The terrestrial components of plants such as stems, branches and
leaves prevent the soil below it from getting directly exposed to
sunlight as well as to the impact of raindrops.

“*Thus, a significant part of the momentum and energy in rainwater
is absorbed. On one hand this process creates water bodies like the
groundwater reservoirs and rivers.

** On the other hand, this process also substantially reduces the soil
erosion and the surface flow velocity of storm water.



A watershed containing large amounts of vegetation is considered as
a healthy watershed. It is also called a well-managed or a ‘green
watershed’. It has no or very limited soil erosion and also it has large
reserves of groundwater as well as surface water. In general, it has
most of its natural resources conserved.




End noted on Scope of Watershed
Management

»Thus, the scope of watershed management involves all the
actions and programs aimed at achieving an overall balance
between utilization and conservation of natural resources in
a watershed.

>t represents a sustainable approach for resource
conservation through watershed management. In the next
section, the Indian and global perspective to watershed
management is discussed.




1.3 Watershed Management: Indian and
Global Perspective

“*India has the second highest population of over 1.2 billion among
all the nations [i.e., 17.1% of the world population], a seventh
highest land area of 3.29 million km2 among all the nations [i.e,,
2.4% of the world area] and an annual river flow of 1869 km3 out of
an annual rainfall of about 4000 km3 [i.e., 4% of the world water].

**The rainfall distribution is highly uneven spatially with the highest
annual rainfall of 11,690 mm in the north-eastern state of Meghalaya
and the least annual rainfall of 150 mm in the western part of the
north-western state of Rajasthan.



The number of rainy days [i.e., number of days with a minimum
recorded daily rainfall of 2.5 mm] varies from 5 to 150. The rainfall
distribution is also very uneven temporally with about 75% of the
annual rainfall occurring only in the four monsoon months of June
to September. The average annual rainfall is 1160 mm which is
slightly higher than the global average of 1110 mm. In the year 2010,
the annual per capita water availability was estimated at 1588 m3,
which is considered as water stressed [i.e., between 1,000 and 1,700
m3] as per the international norms. The annual potential evapo-
transpiration (PET) varies from 1,500 to 3,500 mm.




Although India has a well-developed precipitation pattern in
the form of monsoons and an equally well developed
drainage network consisting of 14 large river basins, 44
medium river basins and hundreds of small river basins,

there is a huge stress on water and land resources due to
continuous overexploitation.



This has led to many adverse hydro-meteorological impacts like large
scale soil erosion, excessive lowering of water table, extensive river/
ground water pollution due to municipal/industrial wastewaters,
widespread loss of forests/ grass lands/ crop lands/ wetlands/ water
bodies, silting of existing water bodies, frequent occurrence of
floods/ droughts, alarming reduction in Himalayan glaciers etc.




All these phenomena have generally made the Indian
perspective in watershed management very vulnerable to
climatic and anthropogenic factors. Thus, achieving
sustainable water resources development and integrated

watershed management are two major challenges in the
Indian context.



In spite of this alarming scenario, there are hundreds of best
management practices (BMPs) —adopted both in the government sector
and the non-government sector over the entire length and breadth of
India, which have been the bright spots in water and land resources
management. These BMPs employ technologies which are either
traditional or modern or a combination of both. Some of these BMPs -
which were effectively implemented in different parts of India, are as

follows:



Watershed Management Programmes in
India

»The actual timeline of watershed management programmes in
India starts from the 1950s during the First Five Year Plan, with the
establishment of a number of Soil Conservation Research
Demonstration and Training Centres (SCRDTCs) by the Ministry of

Agriculture (MoA) of the Government of India (Gol).

»In 1956, 42 small [i.e., less than 1 km2] experimental watersheds
were established for monitoring the impact of land use changes and
conservation measures on surface hydrology, soil loss reduction and

biomass productivity improvement.




In 1961-'62, the MoA, Gol sponsored a scheme for soil conservation
in the catchments of River Valley Projects (RVPs) for preventing
siltation in major reservoirs.

In 1974, all the SCRDTCs were reorganized under the Central Soil and
Water Conservation Research and Training Institute (CSWCRTI),
Dehradun.



A real breakthrough was achieved by CSWCRTI when watershed technologies
were demonstrated under natural field settings using community driven
approaches through four model Operational Research Projects (ORPs) in
different regions of the country. The world famous Sukhomajri model in
Haryana was also one of them. The Ministry of Rural Development (MoRD), Gol
launched major nationwide watershed development programs like the Drought
Prone Area Programme (DPAP) in 1973-"74 and Desert Development Programme

(DDP) in 1977-'78. The MoA, Gol launched watershed programs in 10
catchments under the Flood Prone Rivers (FRP) Project.



During 1983, encouraged by the success in the earlier four model
ORPs, CSWCRTI, Dehradun developed 47 model watersheds in the
country in association with the Central Research Institute for Dryland

Agriculture (CRIDA), Hyderabad.




The Planning Commission, Gol also started adopting integrated watershed
approach in 1987-88 for its Western Ghats Development Programme (WGDP)
and Hill Area Development Programme (HADP) covering 16,000 km2 area in
Maharashtra, Goa, Karnataka, Kerala and Tamil Nadu.

In 1989-90, the Ministry of environment and Forests (MoEF) initiated National
Afforestation and Eco-development Projects (NAEP) scheme following integrated
watershed approach.



In the 1990s, many watershed development programs externally
funded by the World Bank, European Economic council (EEC), Danish
International Development agency (DANIDA), some Indo-German,
Indo-Swiss and Japanese organizations were undertaken in various
parts of India.




Around the same time, MoA initiated a massive project on National
Watershed Development Programme for Rainfed areas (NWDPRA) in
1991. In 1995, MoRD launched another big project called Integrated
Wastelands Development Project (IWDP) with well formulated
guidelines.




In 2001, the Planning Commission, Gol drew up an ambitious plan of
treating 88.5 Mha of degraded/ rainfed lands in India, by the end of
the 13th Five Year Plan in 2022 involving a huge financial investment
of Rs. 72,750 crores. To strengthen the participating institutes,
MoRD revised the watershed development guidelines as ‘Haryali’
[i.e., greenery] guidelines in 2003.




The Gol established the National Rainfed Area Authority (NRAA)
under the Planning Commission in 2006. MoA also started the
projects on Reclamation of Alkali soils (RAS), Watershed
Development Project for Shifting Cultivation Areas (WDPSCA), Indo-
German Bilateral Project (IGBP) and World Bank assisted Sodic Land
Reclamation Project (SLRP). MoRD has initiated watershed projects
under Mahatma Gandhi National Rural employment Guarantee Act
(MGNREGA), Investment Promotional Scheme (IPS) and Technology
Development Extension and Training (TDET), Wastelands
Development Task Force (WDTF).



Till March 2005, an area of 28.53 Mha was treated at an investment
of Rs. 1,457 crores by MoA, MoRD, MoEF, out of a total degraded
land of 146.82 Mha —as per the estimates of the National Bureau of
Soil Survey & Land Use Planning (NBSS&LUP), Nagpur. From 2008,
the new watershed projects are being implemented as per the latest

common guidelines for watershed development projects, developed
by the NRAA.



Components of Watershed
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Sub basin

Large watershed and can also contain smaller watersheds,
called sub basins.




Drainage Divide

The Boundaries between watersheds are termed
drainage divide.




Picture showing components of a drainage basin




Outlets

The outlet or Pour point is the point on the surface at which water
flows out of an area. It is the lowest point in the along the
boundary of an watershed.




Drainage Patterns/Networks
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http://en.wikipedia.org/wiki/File:Hydrographic_basin.svg

Watershed Characteristics

» Slze

< Slope

< Shape
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«» Storage capacity

»+ Land use / cover




Basin size

Delineate watershed according to the height of
land that separates water draining to the point of
interest from water that drains to adjacent basins

Watershed area (km?, ha)

osmaller watersheds tend to have a more peaked
hydrograph, more intermittent water supply

°larger watersheds have flatter hydrographs
because larger channel network can store more
water




Watershed Land Slope

The slope of the sides of a watershed govern how fast
water will drain to the channel

esteep slopes - peaked hydrograph

egentle slopes - flat hydrograph

slope is vertical over horizontal distance, derived from
topographic maps

An objective repeatable formula for land slope:

S (L)(CI) where L is the total length of contours,
~ A Cl is the contour interval and A is the

e Watershedarea. _____________________




Strahler’s Order of Streams

A headwater stream with no
tributaries i1s a first order stream

When two first order streams
join they form a second order
stream

Two second order streams form
a third order stream etc.




Bifurcation Ratio (R;)

The ratio of the number of stream segments of a
given order, N, to the number of segments of the

next highest order, N, ,,, Is called the bifurcation
ratio, RB:

Ni
Nn-H

Ry~

**Bifurcation-splitting of a main body into two parts




Bifurcation Ratio - Example

Stream Order
1
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No.of stream Bifurcation
order ratio
1
e e
Stream Order Number of Streams
1 17
2 ‘
3 2
a 1
Stream Order Bifurcation Rahos
1 1716
2 612
3 2/1
Watershed Bifurcation Ratio
Equals average of the 3 bifurcation ratios =26




Watershed Delineation

Catchment Surface




Familiarization with the watershed problems

“*Land degradation in rain fed areas due to soil erosion from
runoff is one of the major problems. In India it was estimated
that the soil erosion in the 1990s was almost double that of soil
erosion in the 1980s. Rainfall uncertainty and poor economic
conditions act as a major constraint and thus prevents the
farmers in rainfed areas from making investments. This leads
to improper watershed management.




“*Equitable benefit sharing of watershed management within the farmin
conllollnumtles as well as within the different locations of watershed is a huge
problem.

“*Generally, women, marginal farmers and landless laborers gain very little or
nothing at all from the watershed management activities.

“*Several case studies in water scarce states of Gujarat and Madhya Pradesh
in India have showed that overdevelopment of water harvestm%1 structures in
the upstream portion of watersheds had significantly reduced the inflows into
the downstream reservoirs.

% On the other hand, it is also noticed that building of large reservoirs )
resulted in the submergence and hardship in the upstream parts and benefits
for people in the downstream parts of the same watershed or a neighbouring
watershed generally having an urban or an industrial area.



<*Acute shortage of water in general and drinking water
especially in summer has been observed in many
watersheds with inadequate watershed management
which may result in severe/ recurrent droughts. It may
often result in limited and temporary food productivity

gains.




» Conflict among various government ministries such as those related to
agriculture [with emphasis on food production], rural development
[with emphasis on employment generation & poverty alleviation],
forests [with emphasis on maintaining biodiversity & wildlife], as well as
conflict between government bureaucracy and elected representatives
in their zeal to control funds, is a major problem in watershed

management programs -which requires to be resolved on a priority
basis.



It is hard to conduct meaningful impact assessment studies on
watershed management programs for lack of baseline data for
monitoring and comparison of the current conditions. The whole
exercise of watershed management is undertaken without properly
estimating the water supply scenarios under drought/ normal/
surplus years as well as without proper demand management
especially during drought years.



“»Large areas inhabited with tribal population lack facilities to
harvest water and to stabilize their food/ crop/ fodder production
due to reduced forest yields, deterioration in land quality, lack of
tribal agriculture policy and population pressure. This leads to a
sustained misery, socio-political unrest and insurgency among the

tribal population.




Objective of Watershed Management

= The main goal of Watershed Management is to establish the
sustainable management of natural resources to improve
the quality of living for the population is to be
accomplished by the following objectives:

= To control damaging runoff and degradation and thereby
conservation of soil and water. Improvement and restoration of
soil quality and thus, raising productivity rates.

= To protect and enhance the water resource originating in the
watershed. Supply and securing of clean and sufficient drinking
water for the population .

= To increase infiltration of rainwater.

= To improve and increase the production of timbers, fodder
and wild life resource



* To enhance the ground water recharge, wherever applicable.

* To manage the watershed for beneficial developmental
activities like domestic water supply, 1rrigation, hydropower
generation etc.

* To minimize the risks of floods, droughts and landslides.
» Rainwater harvesting and recharging
* Growing greenery — trees, crops and grasses



CODE OF WATERSHED

Ex. 1A2B3a1
1A2B3al stands for a national code of a micro-watershed belongs to
Water Resource Region “17,
Basin “1A”,
Catchment “1A27,
Subcatchment “1A2B”, http://slusi.dacnet.nic.in/dwainew.html
Watershed “1A2B3",
Subwatershed “1A2B3a” and
Microwatershed “1A2B3a1”



http://slusi.dacnet.nic.in/dwainew.html

WATERSHED ATLAS OF INDIA  (ON 1:1 MILLION SCALE)
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